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Axions

- Motivated by the strong CP problem,                                        why are nuclear EDMs sooo small?  

Peccei, Quinn, Weinberg, Wilczek 1978
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Axions

- Motivated by the strong CP problem,                                        why are nuclear EDMs sooo small?  

Peccei, Quinn, Weinberg, Wilczek 1978
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- Why is                        ? ✓ < 10�10

- QCD Axion and axion-like particles fit BSM (pseudo Nambu-Goldstone bosons, stringy axions...)
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- Motivated by the strong CP problem,                                        why are nuclear EDMs sooo small?  

Peccei, Quinn, Weinberg, Wilczek 1978
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- Why is                        ? ✓ < 10�10

- QCD Axion and axion-like particles fit BSM (pseudo Nambu-Goldstone bosons, stringy axions...)

- Low-energy effective action is restricted by U(1) shift symmetry a ! a+ ct.
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<latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit>

Axion field = Goldstone boson of a new Global Spontaneously-broken colour-anomalous U(1) symmetry = ✓
<latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit>

Axions

- Motivated by the strong CP problem,                                        why are nuclear EDMs sooo small?  

Peccei, Quinn, Weinberg, Wilczek 1978

LSM 2 �↵s
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<latexit sha1_base64="ts8au15PEy2kttwBk4d3RbBgqHk="></latexit><latexit sha1_base64="ts8au15PEy2kttwBk4d3RbBgqHk="></latexit><latexit sha1_base64="ts8au15PEy2kttwBk4d3RbBgqHk="></latexit><latexit sha1_base64="ts8au15PEy2kttwBk4d3RbBgqHk="></latexit><latexit sha1_base64="ts8au15PEy2kttwBk4d3RbBgqHk="></latexit><latexit sha1_base64="ts8au15PEy2kttwBk4d3RbBgqHk="></latexit>

- Why is                        ? ✓ < 10�10

- QCD Axion and axion-like particles fit BSM (pseudo Nambu-Goldstone bosons, stringy axions...)

gai /
Cai ⇠ O(1)

fa
<latexit sha1_base64="UmSAf3+Cqjc9/aNLp4O2UO5Ohbk="></latexit><latexit sha1_base64="UmSAf3+Cqjc9/aNLp4O2UO5Ohbk="></latexit><latexit sha1_base64="UmSAf3+Cqjc9/aNLp4O2UO5Ohbk="></latexit><latexit sha1_base64="UmSAf3+Cqjc9/aNLp4O2UO5Ohbk="></latexit><latexit sha1_base64="UmSAf3+Cqjc9/aNLp4O2UO5Ohbk="></latexit><latexit sha1_base64="UmSAf3+Cqjc9/aNLp4O2UO5Ohbk="></latexit>

new energy scale (decay constant)

O(1) model-dependent parameters

- Low-energy effective action is restricted by U(1) shift symmetry a ! a+ ct.
<latexit sha1_base64="GOnfehkfoS3wn/DQbpwn0hlWCAQ="></latexit><latexit sha1_base64="GOnfehkfoS3wn/DQbpwn0hlWCAQ="></latexit><latexit sha1_base64="GOnfehkfoS3wn/DQbpwn0hlWCAQ="></latexit><latexit sha1_base64="GOnfehkfoS3wn/DQbpwn0hlWCAQ="></latexit><latexit sha1_base64="GOnfehkfoS3wn/DQbpwn0hlWCAQ="></latexit><latexit sha1_base64="GOnfehkfoS3wn/DQbpwn0hlWCAQ="></latexit>
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<latexit sha1_base64="0slV5dv5EZtdU269nYrhdni7TsU="></latexit><latexit sha1_base64="0slV5dv5EZtdU269nYrhdni7TsU="></latexit><latexit sha1_base64="0slV5dv5EZtdU269nYrhdni7TsU="></latexit><latexit sha1_base64="0slV5dv5EZtdU269nYrhdni7TsU="></latexit><latexit sha1_base64="0slV5dv5EZtdU269nYrhdni7TsU="></latexit><latexit sha1_base64="0slV5dv5EZtdU269nYrhdni7TsU="></latexit>



- Peccei-Quinn, if theta is a field implies  ✓ = 0
<latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit>

Axion field = Goldstone boson of a new Global Spontaneously-broken colour-anomalous U(1) symmetry = ✓
<latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit>

Axions

- Motivated by the strong CP problem,                                        why are nuclear EDMs sooo small?  

Peccei, Quinn, Weinberg, Wilczek 1978
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- Why is                        ? ✓ < 10�10

- QCD Axion and axion-like particles fit BSM (pseudo Nambu-Goldstone bosons, stringy axions...)
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new energy scale (decay constant)

O(1) model-dependent parameters

- Low-energy effective action is restricted by U(1) shift symmetry a ! a+ ct.
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Shift-symmetry breaking corrections can generate a small mass + ...
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- Peccei-Quinn, if theta is a field implies  ✓ = 0
<latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit><latexit sha1_base64="ey0ixshWMZuwJRCgfFVydZ5r58w=">AAAB8XicbVDLSgMxFM3UV62vqks3wSK4KjOtZdqFUHDjsoJ9YDuUTJppQzOZIbkjlKF/4caFIm79G3f+jWk7iK8DgcM555J7jx8LrsG2P6zc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1gYOgvVixUjoC9b1p1cLv3vPlOaRvIVZzLyQjCUPOCVgpLsBTBgQfIntYbFkl+0l8F/iZKSEMrSGxffBKKJJyCRQQbTuO3YMXkoUcCrYvDBINIsJnZIx6xsqSci0ly43nuMzo4xwECnzJOCl+n0iJaHWs9A3yZDARP/2FuJ/Xj+BoO6lXMYJMElXHwWJwBDhxfl4xBWjIGaGEKq42RXTCVGEgimpsCzBqbhuzTG3NxoNt1ZdEbta/yqhUyk7JnZzUWrWszry6ASdonPkIBc10TVqoTaiSKIH9ISeLW09Wi/W6yqas7KZY/QD1tsncCCQVw==</latexit>

Axion field = Goldstone boson of a new Global Spontaneously-broken colour-anomalous U(1) symmetry = ✓
<latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit><latexit sha1_base64="momFajDWyRZ26xGLsV2M7MSxaKM=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVZLWknZXcOOygq2FNpTJdNKOnWTCzI1QQv/BjQtF3Po/7vwbp2kQXwcGDuecy9x7/FhwDbb9YRXW1jc2t4rbpZ3dvf2D8uFRT8tEUdalUkjV94lmgkesCxwE68eKkdAX7NafXS7923umNJfRDcxj5oVkEvGAUwJG6g1hyoCMyhW7amfAf4mTkwrK0RmV34djSZOQRUAF0Xrg2DF4KVHAqWCL0jDRLCZ0RiZsYGhEQqa9NNt2gc+MMsaBVOZFgDP1+0RKQq3noW+SIYGp/u0txf+8QQJB00t5FCfAIrr6KEgEBomXp+MxV4yCmBtCqOJmV0ynRBEKpqBSVoJTc92GY25vtVpuo74idr35VUKvVnVM7Pqi0m7mdRTRCTpF58hBLmqjK9RBXUTRHXpAT+jZktaj9WK9rqIFK585Rj9gvX0Cy0iPgg==</latexit>

Axions

- Motivated by the strong CP problem,                                        why are nuclear EDMs sooo small?  

Peccei, Quinn, Weinberg, Wilczek 1978
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- Why is                        ? ✓ < 10�10

- QCD Axion and axion-like particles fit BSM (pseudo Nambu-Goldstone bosons, stringy axions...)
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new energy scale (decay constant)

O(1) model-dependent parameters

- Low-energy effective action is restricted by U(1) shift symmetry a ! a+ ct.
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If Cag is non-zero, 
you ALP is the QCD axion
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Shift-symmetry breaking corrections can generate a small mass + ...
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what do we know about        ?
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<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>
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<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>
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<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

Stellar evolution accelerated*Black hole spin radiated 

More interactingLess interacting
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<latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit>

beam dumps



what do we know about        ?
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10�13
<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>

EXCLUDED 
Astrophysics+Lab

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

Stellar evolution accelerated*Black hole spin radiated 

More interactingLess interacting

fA
<latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit>

beam dumps



what do we know about        ?
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<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>

EXCLUDED 
Astrophysics+Lab
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A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

Stellar evolution accelerated*Black hole spin radiated 

More interactingLess interacting

fA
<latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit>

beam dumps



what do we know about        ?
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<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>
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A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

Stellar evolution accelerated*Black hole spin radiated 

More interactingLess interacting
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<latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit><latexit sha1_base64="g4I401iM4lweUTsXj4L7mE8Ul/s=">AAAB6nicbVDLTgIxFL2DL8QX6tJNIzFxRWZAHNhh3LjEKEgCE9IpHWjodCZtx4RM+AQ3LjTGrV/kzr+xDMT4OkmTk3POTe89fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BR0WJJLRNIh7Jro8V5UzQtmaa024sKQ59Tu/8yeXcv7unUrFI3OppTL0QjwQLGMHaSDfB4GJQLNnlhu00zh30lzhlO0MJlmgNiu/9YUSSkApNOFaq59ix9lIsNSOczgr9RNEYkwke0Z6hAodUeWm26gydGGWIgkiaJzTK1O8TKQ6Vmoa+SYZYj9Vvby7+5/USHdS9lIk40VSQxUdBwpGO0PxuNGSSEs2nhmAimdkVkTGWmGjTTiErwam4bi27vdFwa9UFsav1rxI6lbJjYtdnpWZ9WUcejuAYTsEBF5pwBS1oA4ERPMATPFvcerRerNdFNGctZw7hB6y3T6DNjkY=</latexit>
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<latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit>
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<latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit>

Your obliging QCD axions lie in ~ bands
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<latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit><latexit sha1_base64="8ex3KDpPO7BYueLkwyNDXM/DrHw="></latexit>
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<latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit><latexit sha1_base64="8Xs6vwuseZwuEs7iOA80OAtwCqA="></latexit>

Your obliging QCD axions lie in ~ bands

Your maverick ALP model can be anywhere

ga� , gae /
Ca� , Cae

fa
<latexit sha1_base64="Ic3Be2/rQFCjXwMm3tqI3Sjfr3w="></latexit><latexit sha1_base64="Ic3Be2/rQFCjXwMm3tqI3Sjfr3w="></latexit><latexit sha1_base64="Ic3Be2/rQFCjXwMm3tqI3Sjfr3w="></latexit><latexit sha1_base64="Ic3Be2/rQFCjXwMm3tqI3Sjfr3w="></latexit><latexit sha1_base64="Ic3Be2/rQFCjXwMm3tqI3Sjfr3w="></latexit><latexit sha1_base64="Ic3Be2/rQFCjXwMm3tqI3Sjfr3w="></latexit>

ma / ???

fa
<latexit sha1_base64="s9W6FFp1DkoHfI7JMUpB1LS9AlE="></latexit><latexit sha1_base64="s9W6FFp1DkoHfI7JMUpB1LS9AlE="></latexit><latexit sha1_base64="s9W6FFp1DkoHfI7JMUpB1LS9AlE="></latexit><latexit sha1_base64="s9W6FFp1DkoHfI7JMUpB1LS9AlE="></latexit><latexit sha1_base64="s9W6FFp1DkoHfI7JMUpB1LS9AlE="></latexit><latexit sha1_base64="s9W6FFp1DkoHfI7JMUpB1LS9AlE="></latexit>



Axion dark matter in a nutshell

✓ =
A

fA
<latexit sha1_base64="j05/Ffg7ksSJ/4lHjk+ghJq1FWw=">AAAB/XicbVDJSgNBEK2JW4zbuNy8DAbBU5gRxFzEBC8eI5gFkmHo6fQkTXoWumuEOAR/xYsHRbx69Ru86dfYWQ6a+KDg8V4VVfX8RHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+h4lRSVqexiGXLJ4oJHrE6chSslUhGQl+wpj+4GvvNOyYVj6NbHCbMDUkv4gGnBLXkmQcd7DMkF51AEppVR1ngVUeeWbRL9gTWInFmpFg5u/z+AICaZ352ujFNQxYhFUSptmMn6GZEIqeCjQqdVLGE0AHpsbamEQmZcrPJ9SPrWCtdK4ilrgitifp7IiOhUsPQ150hwb6a98bif147xaDsZjxKUmQRnS4KUmFhbI2jsLpcMopiqAmhkutbLdonOgfUgRV0CM78y4ukcVpy7JJzo9MowxR5OIQjOAEHzqEC11CDOlC4h0d4hhfjwXgyXo23aWvOmM3swx8Y7z+2dZeR</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="Zy9UlhSCt4mwH9qhAShSmQOtdb0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K4sRuhxY3LCvYBTQiT6aQdOpmEmRuhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hOmgmtwnG+rtLa+sblV3q7s7O7tH9iHRx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm5ncfmNI8kfcwSZkfk6HkEacEjBTYJx6MGJBrL1KE5s1pHgXNaWBXnZozB14lbkGqqEArsL+8QUKzmEmggmjdd50U/Jwo4FSwacXLNEsJHZMh6xsqScy0n8+vn+JzowxwlChTEvBc/T2Rk1jrSRyazpjASC97M/E/r59BVPdzLtMMmKSLRVEmMCR4FgUecMUoiIkhhCpubsV0REwOYAKrmBDc5ZdXSeey5jo1986pNupFHGV0is7QBXLRFWqgW9RCbUTRI3pGr+jNerJerHfrY9FasoqZY/QH1ucPmoGVQw==</latexit>�⇡

<latexit sha1_base64="unNOnWnANSRGx13f74prrsQ/Ur4=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgYxnBPCBZwuxkNhkyj2VmVghLfsHGQhFbf8Av8Bvs/BB7Z5MUmnjgwuGce7n3nijhzFjf//IKa+sbm1vF7dLO7t7+QfnwqGVUqgltEsWV7kTYUM4kbVpmOe0kmmIRcdqOxte5376n2jAl7+wkoaHAQ8liRrDNpYtewvrlil/1Z0CrJFiQSh2+3z8AoNEvf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbHbrFJ05ZYBipV1Ji2bq74kMC2MmInKdAtuRWfZy8T+vm9q4FmZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/JhRAsv7xKWpfVwK8Gty6NGsxRhBM4hXMI4ArqcAMNaAKBETzAEzx7wnv0XrzXeWvBW8wcwx94bz9JXpCd</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="UzmxYhRFh7MdDL6ilZOeqvo0nC4=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhBsDHc2pgzYWEYwH5AcYW8zSZbs7h27e0I48hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXJYIb6/vf3sbm1vbObmmvvH9weHRcOTltmzjVDFssFrHuRtSg4ApblluB3UQjlZHATjS9y/3OE2rDY/VoZwmGko4VH3FGbS5d9xM+qFT9mr8AWSdBQapQoDmofPWHMUslKssENaYX+IkNM6otZwLn5X5qMKFsSsfYc1RRiSbMFrfOyaVThmQUa1fKkoX6eyKj0piZjFynpHZiVr1c/M/rpXZUDzOuktSiYstFo1QQG5P8cTLkGpkVM0co09zdStiEasqsi6fsQghWX14n7Zta4NeCB7/aqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvnvRevHfvY9m64RUzZ/AH3ucPtR6N9g==</latexit> 0
<latexit sha1_base64="43L7HRh0Q5e+sd5ZzJQaFulX2lI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWIQrMKsjekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE14aQbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/z1gMqzWN5Z8YJ+hEdSB5yRo216qRXLJEymcldBW8BpavPj1uwqvWKX91+zNIIpWGCat3xSGL8jCrDmcBJoZtqTCgb0QF2LEoaofaz2aAT98w6fTeMlX3SuDP3d0dGI63HUWArI2qGejmbmv9lndSEFT/jMkkNSjb/KEyFa2J3urXb5wqZEWMLlCluZ3XZkCrKjL1NwR7BW155FZoXZY+UvTopVSswVx5O4BTOwYNLqMIN1KABDBAe4RlenHvnyXl13ualOWfRcwx/5Lz/ADNkjq0=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="qe3NlLpNv6Cxlfwv8Z9I1tvTV50=">AAAB5HicbVA9SwNBEJ2LX/H8irY2i0GwCns2pgzYWEYwH5AcYW8zl6zZ2zt294Rw5BfYWCi2/iY7/42b5AqNPhh4vDfDzLwok8JYSr+8ytb2zu5edd8/ODw6Pqn5p12T5ppjh6cy1f2IGZRCYccKK7GfaWRJJLEXzW6Xfu8JtRGperDzDMOETZSIBWfWSfd0VKvTBl2B/CVBSepQoj2qfQ7HKc8TVJZLZswgoJkNC6at4BIX/jA3mDE+YxMcOKpYgiYsVocuyKVTxiROtStlyUr9OVGwxJh5ErnOhNmp2fSW4n/eILdxMyyEynKLiq8XxbkkNiXLr8lYaORWzh1hXAt3K+FTphm3LhvfhRBsvvyXdK8bAW0E9VazDKMK53ABVxDADbTgDtrQAQ4Iz/AKb96j9+K9rxsrXjlxBr/gfXwDC+WLgA==</latexit>

⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>



Axion dark matter in a nutshell

✓ =
A

fA
<latexit sha1_base64="j05/Ffg7ksSJ/4lHjk+ghJq1FWw=">AAAB/XicbVDJSgNBEK2JW4zbuNy8DAbBU5gRxFzEBC8eI5gFkmHo6fQkTXoWumuEOAR/xYsHRbx69Ru86dfYWQ6a+KDg8V4VVfX8RHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+h4lRSVqexiGXLJ4oJHrE6chSslUhGQl+wpj+4GvvNOyYVj6NbHCbMDUkv4gGnBLXkmQcd7DMkF51AEppVR1ngVUeeWbRL9gTWInFmpFg5u/z+AICaZ352ujFNQxYhFUSptmMn6GZEIqeCjQqdVLGE0AHpsbamEQmZcrPJ9SPrWCtdK4ilrgitifp7IiOhUsPQ150hwb6a98bif147xaDsZjxKUmQRnS4KUmFhbI2jsLpcMopiqAmhkutbLdonOgfUgRV0CM78y4ukcVpy7JJzo9MowxR5OIQjOAEHzqEC11CDOlC4h0d4hhfjwXgyXo23aWvOmM3swx8Y7z+2dZeR</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="Zy9UlhSCt4mwH9qhAShSmQOtdb0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K4sRuhxY3LCvYBTQiT6aQdOpmEmRuhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hOmgmtwnG+rtLa+sblV3q7s7O7tH9iHRx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm5ncfmNI8kfcwSZkfk6HkEacEjBTYJx6MGJBrL1KE5s1pHgXNaWBXnZozB14lbkGqqEArsL+8QUKzmEmggmjdd50U/Jwo4FSwacXLNEsJHZMh6xsqScy0n8+vn+JzowxwlChTEvBc/T2Rk1jrSRyazpjASC97M/E/r59BVPdzLtMMmKSLRVEmMCR4FgUecMUoiIkhhCpubsV0REwOYAKrmBDc5ZdXSeey5jo1986pNupFHGV0is7QBXLRFWqgW9RCbUTRI3pGr+jNerJerHfrY9FasoqZY/QH1ucPmoGVQw==</latexit>�⇡

<latexit sha1_base64="unNOnWnANSRGx13f74prrsQ/Ur4=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgYxnBPCBZwuxkNhkyj2VmVghLfsHGQhFbf8Av8Bvs/BB7Z5MUmnjgwuGce7n3nijhzFjf//IKa+sbm1vF7dLO7t7+QfnwqGVUqgltEsWV7kTYUM4kbVpmOe0kmmIRcdqOxte5376n2jAl7+wkoaHAQ8liRrDNpYtewvrlil/1Z0CrJFiQSh2+3z8AoNEvf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbHbrFJ05ZYBipV1Ji2bq74kMC2MmInKdAtuRWfZy8T+vm9q4FmZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/JhRAsv7xKWpfVwK8Gty6NGsxRhBM4hXMI4ArqcAMNaAKBETzAEzx7wnv0XrzXeWvBW8wcwx94bz9JXpCd</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="UzmxYhRFh7MdDL6ilZOeqvo0nC4=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhBsDHc2pgzYWEYwH5AcYW8zSZbs7h27e0I48hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXJYIb6/vf3sbm1vbObmmvvH9weHRcOTltmzjVDFssFrHuRtSg4ApblluB3UQjlZHATjS9y/3OE2rDY/VoZwmGko4VH3FGbS5d9xM+qFT9mr8AWSdBQapQoDmofPWHMUslKssENaYX+IkNM6otZwLn5X5qMKFsSsfYc1RRiSbMFrfOyaVThmQUa1fKkoX6eyKj0piZjFynpHZiVr1c/M/rpXZUDzOuktSiYstFo1QQG5P8cTLkGpkVM0co09zdStiEasqsi6fsQghWX14n7Zta4NeCB7/aqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvnvRevHfvY9m64RUzZ/AH3ucPtR6N9g==</latexit> 0
<latexit sha1_base64="43L7HRh0Q5e+sd5ZzJQaFulX2lI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWIQrMKsjekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE14aQbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/z1gMqzWN5Z8YJ+hEdSB5yRo216qRXLJEymcldBW8BpavPj1uwqvWKX91+zNIIpWGCat3xSGL8jCrDmcBJoZtqTCgb0QF2LEoaofaz2aAT98w6fTeMlX3SuDP3d0dGI63HUWArI2qGejmbmv9lndSEFT/jMkkNSjb/KEyFa2J3urXb5wqZEWMLlCluZ3XZkCrKjL1NwR7BW155FZoXZY+UvTopVSswVx5O4BTOwYNLqMIN1KABDBAe4RlenHvnyXl13ualOWfRcwx/5Lz/ADNkjq0=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="qe3NlLpNv6Cxlfwv8Z9I1tvTV50=">AAAB5HicbVA9SwNBEJ2LX/H8irY2i0GwCns2pgzYWEYwH5AcYW8zl6zZ2zt294Rw5BfYWCi2/iY7/42b5AqNPhh4vDfDzLwok8JYSr+8ytb2zu5edd8/ODw6Pqn5p12T5ppjh6cy1f2IGZRCYccKK7GfaWRJJLEXzW6Xfu8JtRGperDzDMOETZSIBWfWSfd0VKvTBl2B/CVBSepQoj2qfQ7HKc8TVJZLZswgoJkNC6at4BIX/jA3mDE+YxMcOKpYgiYsVocuyKVTxiROtStlyUr9OVGwxJh5ErnOhNmp2fSW4n/eILdxMyyEynKLiq8XxbkkNiXLr8lYaORWzh1hXAt3K+FTphm3LhvfhRBsvvyXdK8bAW0E9VazDKMK53ABVxDADbTgDtrQAQ4Iz/AKb96j9+K9rxsrXjlxBr/gfXwDC+WLgA==</latexit>

⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>

VQCD(✓)
<latexit sha1_base64="lpkKWzp+rJRzWtP67b7NTM7R3dM=">AAAB/HicbVDJTgJBEK3BDXFDOXLpSEzwQma8yJGIB4+QyJLAZNLTNNChZ0l3jQmZ4K948aAxXv0Qb/6GX2CzHBR8SSUv71Wlqp4fS6HRtr+szNb2zu5edj93cHh0fJI/PWvrKFGMt1gkI9X1qeZShLyFAiXvxorTwJe840/qc7/zwJUWUXiP05i7AR2FYigYRSN5+ULbS/sqIM367azcxzFHeunlS3bFXoBsEmdFSrXi9w0YNLz8Z38QsSTgITJJte45doxuShUKJvks1080jymb0BHvGRrSgGs3XRw/IxdGGZBhpEyFSBbq74mUBlpPA990BhTHet2bi/95vQSHVTcVYZwgD9ly0TCRBCMyT4IMhOIM5dQQypQwtxI2pooyNHnlTAjO+subpH1VceyK0zRpVGGJLBThHMrgwDXU4A4a0AIGU3iCF3i1Hq1n6816X7ZmrNVMAf7A+vgBpcOVjQ==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="yJUPLR4X9fswPDAuK5/5+awNhY0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0Wol5J4scdCPXhswX5AE8Jmu22XbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyaCa3Ccb2tre2d3b790UD48Oj45tc/OezpOFWVdGotYDUKimeCSdYGDYINEMRKFgvXDWWvh9x+Z0jyWD5AlzI/IRPIxpwSMFNiVXpB7KsKd1t285sGUAbkO7KpTd5bAm8QtSBUVaAf2lzeKaRoxCVQQrYeuk4CfEwWcCjYve6lmCaEzMmFDQyWJmPbz5fFzfGWUER7HypQEvFR/T+Qk0jqLQtMZEZjqdW8h/ucNUxg3/JzLJAUm6WrROBUYYrxIAo+4YhREZgihiptbMZ0SRSiYvMomBHf95U3Su6m7Tt3tONVmo4ijhC7QJaohF92iJrpHbdRFFGXoGb2iN+vJerHerY9V65ZVzFTQH1ifP4oGk/4=</latexit>

  2: The QCD vacuum energy depends on   
      it has a minimum at                 !!!!✓ = 0

<latexit sha1_base64="cpRqxfdamH4fCgTLHlAwC823tpg=">AAAB8HicdZDLSgMxFIbPeK31VnXpJlgEV0NmvFQXouDGpYq1lbZIJs3Y0MyF5IxQSp/CjQtF3PoErnwId76NmVZBRX8IfPz/OeScE6RKGqT03Rkbn5icmi7MFGfn5hcWS0vLFybJNBdVnqhE1wNmhJKxqKJEJeqpFiwKlKgF3aM8r90IbWQSn2MvFa2IXccylJyhtS6b2BHI9gm9KpWpu1eh275HcvB3vEoO1N/c2iGeS4cqH7y+nIHVyVXprdlOeBaJGLlixjQ8mmKrzzRKrsSg2MyMSBnvsmvRsBizSJhWfzjwgKxbp03CRNsXIxm63zv6LDKmFwW2MmLYMb+z3Pwra2QY7rb6Mk4zFDEffRRmimBC8u1JW2rBUfUsMK6lnZXwDtOMo71R0R7ha1PyP1z4rkdd75SWD3dhpAKswhpsgAcVOIRjOIEqcIjgFu7hwdHOnfPoPI1Kx5zPnhX4Ief5Ax7Ckhw=</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="PpQ1qjvmuj422l54NfIvsCeiqxQ=">AAAB8HicdVDLSgNBEJz1GeMr6tHLYBA8LbOrJvEgBLx4jGAekixhdjKbDJl9MNMrhCVf4cWDIl79HG/+jbNJBBUtaCiquunu8hMpNBDyYS0tr6yurRc2iptb2zu7pb39lo5TxXiTxTJWHZ9qLkXEmyBA8k6iOA19ydv++Cr32/dcaRFHtzBJuBfSYSQCwSgY6a4HIw70EpN+qUzsiyo5dx2cE7fiVHNC3NOzCnZsMkMZLdDol957g5ilIY+ASap11yEJeBlVIJjk02Iv1TyhbEyHvGtoREOuvWx28BQfG2WAg1iZigDP1O8TGQ21noS+6QwpjPRvLxf/8ropBDUvE1GSAo/YfFGQSgwxzr/HA6E4AzkxhDIlzK2YjaiiDExGRRPC16f4f9JybYfYzg0p12uLOAroEB2hE+SgKqqja9RATcRQiB7QE3q2lPVovViv89YlazFzgH7AevsEYDWQFQ==</latexit>

✓
<latexit sha1_base64="2fAHG//vQ0iAJhJrj+eYBWvZcXI=">AAAB7XicdZBNS0JBFIbPtS+zL6tlmyEJWslcK7VVQpuWFqmBiswdR52c+8HMuYGI/6FNiyLa9hda9SPa9W+aqwUV9cLAw/uew5xzvEhJg5S+O6m5+YXFpfRyZmV1bX0ju7lVN2GsuajxUIX6ymNGKBmIGkpU4irSgvmeEg1veJrkjRuhjQyDSxxFou2zfiB7kjO0Vr2FA4Gsk83R/HGJHhVckkCh6JYSoIWDwyJx83Sq3MnrywVYVTvZt1Y35LEvAuSKGdN0aYTtMdMouRKTTCs2ImJ8yPqiaTFgvjDt8XTaCdmzTpf0Qm1fgGTqfu8YM9+Yke/ZSp/hwPzOEvOvrBljr9weyyCKUQR89lEvVgRDkqxOulILjmpkgXEt7ayED5hmHO2BMvYIX5uS/6FeyLs0757TXKUMM6VhB3ZhH1woQQXOoAo14HANt3APD07o3DmPztOsNOV89mzDDznPH9IwkXE=</latexit><latexit sha1_base64="ah4gNnk8b+PXRWnqVKC4g2JgfIs=">AAAB7XicdZDLSgMxFIYzXmu9VV0KEiyCqyFTta0rC25ctmAv0JaSSTNtbOZCckYopUv3blwo4tZX6MqHcOcz+BJmWgUV/SHw8f/nkHOOG0mhgZA3a25+YXFpObWSXl1b39jMbG3XdBgrxqsslKFquFRzKQJeBQGSNyLFqe9KXncH50lev+ZKizC4hGHE2z7tBcITjIKxai3oc6CdTJbYpwVyknNwArm8U0iA5I6O89ixyVTZs5dJ5f1mb1LuZF5b3ZDFPg+ASap10yERtEdUgWCSj9OtWPOIsgHt8abBgPpct0fTacf4wDhd7IXKvADw1P3eMaK+1kPfNZU+hb7+nSXmX1kzBq/YHokgioEHbPaRF0sMIU5Wx12hOAM5NECZEmZWzPpUUQbmQGlzhK9N8f9Qy9kOsZ0KyZaKaKYU2kX76BA5qIBK6AKVURUxdIVu0T16sELrznq0nmalc9Znzw76Iev5A9wrk7Y=</latexit><latexit sha1_base64="ah4gNnk8b+PXRWnqVKC4g2JgfIs=">AAAB7XicdZDLSgMxFIYzXmu9VV0KEiyCqyFTta0rC25ctmAv0JaSSTNtbOZCckYopUv3blwo4tZX6MqHcOcz+BJmWgUV/SHw8f/nkHOOG0mhgZA3a25+YXFpObWSXl1b39jMbG3XdBgrxqsslKFquFRzKQJeBQGSNyLFqe9KXncH50lev+ZKizC4hGHE2z7tBcITjIKxai3oc6CdTJbYpwVyknNwArm8U0iA5I6O89ixyVTZs5dJ5f1mb1LuZF5b3ZDFPg+ASap10yERtEdUgWCSj9OtWPOIsgHt8abBgPpct0fTacf4wDhd7IXKvADw1P3eMaK+1kPfNZU+hb7+nSXmX1kzBq/YHokgioEHbPaRF0sMIU5Wx12hOAM5NECZEmZWzPpUUQbmQGlzhK9N8f9Qy9kOsZ0KyZaKaKYU2kX76BA5qIBK6AKVURUxdIVu0T16sELrznq0nmalc9Znzw76Iev5A9wrk7Y=</latexit><latexit sha1_base64="Pew/AvRA78O5D0Qbe1/3tcifSL0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZldNYm3gBePEcwDkiXMTmaTMbMPZnqFsOQfvHhQxKv/482/cTaJoKIFDUVVN91dfiKFBkI+rMLK6tr6RnGztLW9s7tX3j9o6zhVjLdYLGPV9anmUkS8BQIk7yaK09CXvONPrnK/c8+VFnF0C9OEeyEdRSIQjIKR2n0Yc6CDcoXYlzVy4To4J27VqeWEuGfnVezYZI4KWqI5KL/3hzFLQx4Bk1TrnkMS8DKqQDDJZ6V+qnlC2YSOeM/QiIZce9n82hk+McoQB7EyFQGeq98nMhpqPQ190xlSGOvfXi7+5fVSCOpeJqIkBR6xxaIglRhinL+Oh0JxBnJqCGVKmFsxG1NFGZiASiaEr0/x/6Tt2g6xnRtSadSXcRTRETpGp8hBNdRA16iJWoihO/SAntCzFVuP1ov1umgtWMuZQ/QD1tsnE7KPag==</latexit>



Axion dark matter in a nutshell

✓ =
A

fA
<latexit sha1_base64="j05/Ffg7ksSJ/4lHjk+ghJq1FWw=">AAAB/XicbVDJSgNBEK2JW4zbuNy8DAbBU5gRxFzEBC8eI5gFkmHo6fQkTXoWumuEOAR/xYsHRbx69Ru86dfYWQ6a+KDg8V4VVfX8RHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+h4lRSVqexiGXLJ4oJHrE6chSslUhGQl+wpj+4GvvNOyYVj6NbHCbMDUkv4gGnBLXkmQcd7DMkF51AEppVR1ngVUeeWbRL9gTWInFmpFg5u/z+AICaZ352ujFNQxYhFUSptmMn6GZEIqeCjQqdVLGE0AHpsbamEQmZcrPJ9SPrWCtdK4ilrgitifp7IiOhUsPQ150hwb6a98bif147xaDsZjxKUmQRnS4KUmFhbI2jsLpcMopiqAmhkutbLdonOgfUgRV0CM78y4ukcVpy7JJzo9MowxR5OIQjOAEHzqEC11CDOlC4h0d4hhfjwXgyXo23aWvOmM3swx8Y7z+2dZeR</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="Zy9UlhSCt4mwH9qhAShSmQOtdb0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K4sRuhxY3LCvYBTQiT6aQdOpmEmRuhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hOmgmtwnG+rtLa+sblV3q7s7O7tH9iHRx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm5ncfmNI8kfcwSZkfk6HkEacEjBTYJx6MGJBrL1KE5s1pHgXNaWBXnZozB14lbkGqqEArsL+8QUKzmEmggmjdd50U/Jwo4FSwacXLNEsJHZMh6xsqScy0n8+vn+JzowxwlChTEvBc/T2Rk1jrSRyazpjASC97M/E/r59BVPdzLtMMmKSLRVEmMCR4FgUecMUoiIkhhCpubsV0REwOYAKrmBDc5ZdXSeey5jo1986pNupFHGV0is7QBXLRFWqgW9RCbUTRI3pGr+jNerJerHfrY9FasoqZY/QH1ucPmoGVQw==</latexit>�⇡

<latexit sha1_base64="unNOnWnANSRGx13f74prrsQ/Ur4=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgYxnBPCBZwuxkNhkyj2VmVghLfsHGQhFbf8Av8Bvs/BB7Z5MUmnjgwuGce7n3nijhzFjf//IKa+sbm1vF7dLO7t7+QfnwqGVUqgltEsWV7kTYUM4kbVpmOe0kmmIRcdqOxte5376n2jAl7+wkoaHAQ8liRrDNpYtewvrlil/1Z0CrJFiQSh2+3z8AoNEvf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbHbrFJ05ZYBipV1Ji2bq74kMC2MmInKdAtuRWfZy8T+vm9q4FmZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/JhRAsv7xKWpfVwK8Gty6NGsxRhBM4hXMI4ArqcAMNaAKBETzAEzx7wnv0XrzXeWvBW8wcwx94bz9JXpCd</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="UzmxYhRFh7MdDL6ilZOeqvo0nC4=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhBsDHc2pgzYWEYwH5AcYW8zSZbs7h27e0I48hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXJYIb6/vf3sbm1vbObmmvvH9weHRcOTltmzjVDFssFrHuRtSg4ApblluB3UQjlZHATjS9y/3OE2rDY/VoZwmGko4VH3FGbS5d9xM+qFT9mr8AWSdBQapQoDmofPWHMUslKssENaYX+IkNM6otZwLn5X5qMKFsSsfYc1RRiSbMFrfOyaVThmQUa1fKkoX6eyKj0piZjFynpHZiVr1c/M/rpXZUDzOuktSiYstFo1QQG5P8cTLkGpkVM0co09zdStiEasqsi6fsQghWX14n7Zta4NeCB7/aqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvnvRevHfvY9m64RUzZ/AH3ucPtR6N9g==</latexit> 0
<latexit sha1_base64="43L7HRh0Q5e+sd5ZzJQaFulX2lI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWIQrMKsjekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE14aQbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/z1gMqzWN5Z8YJ+hEdSB5yRo216qRXLJEymcldBW8BpavPj1uwqvWKX91+zNIIpWGCat3xSGL8jCrDmcBJoZtqTCgb0QF2LEoaofaz2aAT98w6fTeMlX3SuDP3d0dGI63HUWArI2qGejmbmv9lndSEFT/jMkkNSjb/KEyFa2J3urXb5wqZEWMLlCluZ3XZkCrKjL1NwR7BW155FZoXZY+UvTopVSswVx5O4BTOwYNLqMIN1KABDBAe4RlenHvnyXl13ualOWfRcwx/5Lz/ADNkjq0=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="qe3NlLpNv6Cxlfwv8Z9I1tvTV50=">AAAB5HicbVA9SwNBEJ2LX/H8irY2i0GwCns2pgzYWEYwH5AcYW8zl6zZ2zt294Rw5BfYWCi2/iY7/42b5AqNPhh4vDfDzLwok8JYSr+8ytb2zu5edd8/ODw6Pqn5p12T5ppjh6cy1f2IGZRCYccKK7GfaWRJJLEXzW6Xfu8JtRGperDzDMOETZSIBWfWSfd0VKvTBl2B/CVBSepQoj2qfQ7HKc8TVJZLZswgoJkNC6at4BIX/jA3mDE+YxMcOKpYgiYsVocuyKVTxiROtStlyUr9OVGwxJh5ErnOhNmp2fSW4n/eILdxMyyEynKLiq8XxbkkNiXLr8lYaORWzh1hXAt3K+FTphm3LhvfhRBsvvyXdK8bAW0E9VazDKMK53ABVxDADbTgDtrQAQ4Iz/AKb96j9+K9rxsrXjlxBr/gfXwDC+WLgA==</latexit>

⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>

VQCD(✓)
<latexit sha1_base64="lpkKWzp+rJRzWtP67b7NTM7R3dM=">AAAB/HicbVDJTgJBEK3BDXFDOXLpSEzwQma8yJGIB4+QyJLAZNLTNNChZ0l3jQmZ4K948aAxXv0Qb/6GX2CzHBR8SSUv71Wlqp4fS6HRtr+szNb2zu5edj93cHh0fJI/PWvrKFGMt1gkI9X1qeZShLyFAiXvxorTwJe840/qc7/zwJUWUXiP05i7AR2FYigYRSN5+ULbS/sqIM367azcxzFHeunlS3bFXoBsEmdFSrXi9w0YNLz8Z38QsSTgITJJte45doxuShUKJvks1080jymb0BHvGRrSgGs3XRw/IxdGGZBhpEyFSBbq74mUBlpPA990BhTHet2bi/95vQSHVTcVYZwgD9ly0TCRBCMyT4IMhOIM5dQQypQwtxI2pooyNHnlTAjO+subpH1VceyK0zRpVGGJLBThHMrgwDXU4A4a0AIGU3iCF3i1Hq1n6816X7ZmrNVMAf7A+vgBpcOVjQ==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="yJUPLR4X9fswPDAuK5/5+awNhY0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0Wol5J4scdCPXhswX5AE8Jmu22XbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyaCa3Ccb2tre2d3b790UD48Oj45tc/OezpOFWVdGotYDUKimeCSdYGDYINEMRKFgvXDWWvh9x+Z0jyWD5AlzI/IRPIxpwSMFNiVXpB7KsKd1t285sGUAbkO7KpTd5bAm8QtSBUVaAf2lzeKaRoxCVQQrYeuk4CfEwWcCjYve6lmCaEzMmFDQyWJmPbz5fFzfGWUER7HypQEvFR/T+Qk0jqLQtMZEZjqdW8h/ucNUxg3/JzLJAUm6WrROBUYYrxIAo+4YhREZgihiptbMZ0SRSiYvMomBHf95U3Su6m7Tt3tONVmo4ijhC7QJaohF92iJrpHbdRFFGXoGb2iN+vJerHerY9V65ZVzFTQH1ifP4oGk/4=</latexit>

  2: The QCD vacuum energy depends on   
      it has a minimum at                 !!!!✓ = 0

<latexit sha1_base64="cpRqxfdamH4fCgTLHlAwC823tpg=">AAAB8HicdZDLSgMxFIbPeK31VnXpJlgEV0NmvFQXouDGpYq1lbZIJs3Y0MyF5IxQSp/CjQtF3PoErnwId76NmVZBRX8IfPz/OeScE6RKGqT03Rkbn5icmi7MFGfn5hcWS0vLFybJNBdVnqhE1wNmhJKxqKJEJeqpFiwKlKgF3aM8r90IbWQSn2MvFa2IXccylJyhtS6b2BHI9gm9KpWpu1eh275HcvB3vEoO1N/c2iGeS4cqH7y+nIHVyVXprdlOeBaJGLlixjQ8mmKrzzRKrsSg2MyMSBnvsmvRsBizSJhWfzjwgKxbp03CRNsXIxm63zv6LDKmFwW2MmLYMb+z3Pwra2QY7rb6Mk4zFDEffRRmimBC8u1JW2rBUfUsMK6lnZXwDtOMo71R0R7ha1PyP1z4rkdd75SWD3dhpAKswhpsgAcVOIRjOIEqcIjgFu7hwdHOnfPoPI1Kx5zPnhX4Ief5Ax7Ckhw=</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="PpQ1qjvmuj422l54NfIvsCeiqxQ=">AAAB8HicdVDLSgNBEJz1GeMr6tHLYBA8LbOrJvEgBLx4jGAekixhdjKbDJl9MNMrhCVf4cWDIl79HG/+jbNJBBUtaCiquunu8hMpNBDyYS0tr6yurRc2iptb2zu7pb39lo5TxXiTxTJWHZ9qLkXEmyBA8k6iOA19ydv++Cr32/dcaRFHtzBJuBfSYSQCwSgY6a4HIw70EpN+qUzsiyo5dx2cE7fiVHNC3NOzCnZsMkMZLdDol957g5ilIY+ASap11yEJeBlVIJjk02Iv1TyhbEyHvGtoREOuvWx28BQfG2WAg1iZigDP1O8TGQ21noS+6QwpjPRvLxf/8ropBDUvE1GSAo/YfFGQSgwxzr/HA6E4AzkxhDIlzK2YjaiiDExGRRPC16f4f9JybYfYzg0p12uLOAroEB2hE+SgKqqja9RATcRQiB7QE3q2lPVovViv89YlazFzgH7AevsEYDWQFQ==</latexit>

✓
<latexit sha1_base64="2fAHG//vQ0iAJhJrj+eYBWvZcXI=">AAAB7XicdZBNS0JBFIbPtS+zL6tlmyEJWslcK7VVQpuWFqmBiswdR52c+8HMuYGI/6FNiyLa9hda9SPa9W+aqwUV9cLAw/uew5xzvEhJg5S+O6m5+YXFpfRyZmV1bX0ju7lVN2GsuajxUIX6ymNGKBmIGkpU4irSgvmeEg1veJrkjRuhjQyDSxxFou2zfiB7kjO0Vr2FA4Gsk83R/HGJHhVckkCh6JYSoIWDwyJx83Sq3MnrywVYVTvZt1Y35LEvAuSKGdN0aYTtMdMouRKTTCs2ImJ8yPqiaTFgvjDt8XTaCdmzTpf0Qm1fgGTqfu8YM9+Yke/ZSp/hwPzOEvOvrBljr9weyyCKUQR89lEvVgRDkqxOulILjmpkgXEt7ayED5hmHO2BMvYIX5uS/6FeyLs0757TXKUMM6VhB3ZhH1woQQXOoAo14HANt3APD07o3DmPztOsNOV89mzDDznPH9IwkXE=</latexit><latexit sha1_base64="ah4gNnk8b+PXRWnqVKC4g2JgfIs=">AAAB7XicdZDLSgMxFIYzXmu9VV0KEiyCqyFTta0rC25ctmAv0JaSSTNtbOZCckYopUv3blwo4tZX6MqHcOcz+BJmWgUV/SHw8f/nkHOOG0mhgZA3a25+YXFpObWSXl1b39jMbG3XdBgrxqsslKFquFRzKQJeBQGSNyLFqe9KXncH50lev+ZKizC4hGHE2z7tBcITjIKxai3oc6CdTJbYpwVyknNwArm8U0iA5I6O89ixyVTZs5dJ5f1mb1LuZF5b3ZDFPg+ASap10yERtEdUgWCSj9OtWPOIsgHt8abBgPpct0fTacf4wDhd7IXKvADw1P3eMaK+1kPfNZU+hb7+nSXmX1kzBq/YHokgioEHbPaRF0sMIU5Wx12hOAM5NECZEmZWzPpUUQbmQGlzhK9N8f9Qy9kOsZ0KyZaKaKYU2kX76BA5qIBK6AKVURUxdIVu0T16sELrznq0nmalc9Znzw76Iev5A9wrk7Y=</latexit><latexit sha1_base64="ah4gNnk8b+PXRWnqVKC4g2JgfIs=">AAAB7XicdZDLSgMxFIYzXmu9VV0KEiyCqyFTta0rC25ctmAv0JaSSTNtbOZCckYopUv3blwo4tZX6MqHcOcz+BJmWgUV/SHw8f/nkHOOG0mhgZA3a25+YXFpObWSXl1b39jMbG3XdBgrxqsslKFquFRzKQJeBQGSNyLFqe9KXncH50lev+ZKizC4hGHE2z7tBcITjIKxai3oc6CdTJbYpwVyknNwArm8U0iA5I6O89ixyVTZs5dJ5f1mb1LuZF5b3ZDFPg+ASap10yERtEdUgWCSj9OtWPOIsgHt8abBgPpct0fTacf4wDhd7IXKvADw1P3eMaK+1kPfNZU+hb7+nSXmX1kzBq/YHokgioEHbPaRF0sMIU5Wx12hOAM5NECZEmZWzPpUUQbmQGlzhK9N8f9Qy9kOsZ0KyZaKaKYU2kX76BA5qIBK6AKVURUxdIVu0T16sELrznq0nmalc9Znzw76Iev5A9wrk7Y=</latexit><latexit sha1_base64="Pew/AvRA78O5D0Qbe1/3tcifSL0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZldNYm3gBePEcwDkiXMTmaTMbMPZnqFsOQfvHhQxKv/482/cTaJoKIFDUVVN91dfiKFBkI+rMLK6tr6RnGztLW9s7tX3j9o6zhVjLdYLGPV9anmUkS8BQIk7yaK09CXvONPrnK/c8+VFnF0C9OEeyEdRSIQjIKR2n0Yc6CDcoXYlzVy4To4J27VqeWEuGfnVezYZI4KWqI5KL/3hzFLQx4Bk1TrnkMS8DKqQDDJZ6V+qnlC2YSOeM/QiIZce9n82hk+McoQB7EyFQGeq98nMhpqPQ190xlSGOvfXi7+5fVSCOpeJqIkBR6xxaIglRhinL+Oh0JxBnJqCGVKmFsxG1NFGZiASiaEr0/x/6Tt2g6xnRtSadSXcRTRETpGp8hBNdRA16iJWoihO/SAntCzFVuP1ov1umgtWMuZQ/QD1tsnE7KPag==</latexit>

  3: Axions field rolls down potential at  

     and becomes dark matter (like inflaton)
tosc ⇠ 1/mA

<latexit sha1_base64="8n3rSISmm/y7lAByKRw9gQGCdhQ=">AAAB/nicdVBNS8NAEJ3Ur1q/qiIIXhaL4KkmUdt6q3jxWMHWQlvCZrttl+4mYXcj1FDwr3jxoIhXf4c3wR/jplVQ0QcDj/dmmJnnR5wpbdtvVmZmdm5+IbuYW1peWV3Lr280VBhLQusk5KFs+lhRzgJa10xz2owkxcLn9MofnqX+1TWVioXBpR5FtCNwP2A9RrA2kpff0l7SlgKFiozbignkHAjv1MsX7OJJ2T52HZQSt+SUU2K7h0cl5BTtCQrV7Zt3MKh5+dd2NySxoIEmHCvVcuxIdxIsNSOcjnPtWNEIkyHu05ahARZUdZLJ+WO0Z5Qu6oXSVKDRRP0+kWCh1Ej4plNgPVC/vVT8y2vFulfpJCyIYk0DMl3UiznSIUqzQF0mKdF8ZAgmkplbERlgiYk2ieVMCF+fov9Jwy06dtG5MGlUYIos7MAu7IMDZajCOdSgDgQSuIMHeLRurXvryXqetmasz5lN+AHr5QMdYZcK</latexit><latexit sha1_base64="moSbbpHFYIzknY6yGfr8mP9JAT8=">AAAB/nicdVBNS8NAEN3Ur7Z+RUUQvCwWwVNNorb1VvXisYKthaaEzXbbLt1Nwu5GqKHQv+LFgyKCJ3+HN8Ef46ZVUNEHA4/3ZpiZ50eMSmVZb0ZmZnZufiGbyy8uLa+smmvrDRnGApM6Dlkomj6ShNGA1BVVjDQjQRD3GbnyB2epf3VNhKRhcKmGEWlz1Atol2KktOSZm8pLXMFhKPHIlZRDe597J55ZsIrHZevIsWFKnJJdTonlHByWoF20JihUt27ec+Pn05pnvrqdEMecBAozJGXLtiLVTpBQFDMyyruxJBHCA9QjLU0DxIlsJ5PzR3BXKx3YDYWuQMGJ+n0iQVzKIfd1J0eqL397qfiX14pVt9JOaBDFigR4uqgbM6hCmGYBO1QQrNhQE4QF1bdC3EcCYaUTy+sQvj6F/5OGU7Ston2h06iAKbJgG+yAPWCDMqiCc1ADdYBBAm7BPXgwxsad8Wg8TVszxufMBvgB4+UDGs2Yhw==</latexit><latexit sha1_base64="moSbbpHFYIzknY6yGfr8mP9JAT8=">AAAB/nicdVBNS8NAEN3Ur7Z+RUUQvCwWwVNNorb1VvXisYKthaaEzXbbLt1Nwu5GqKHQv+LFgyKCJ3+HN8Ef46ZVUNEHA4/3ZpiZ50eMSmVZb0ZmZnZufiGbyy8uLa+smmvrDRnGApM6Dlkomj6ShNGA1BVVjDQjQRD3GbnyB2epf3VNhKRhcKmGEWlz1Atol2KktOSZm8pLXMFhKPHIlZRDe597J55ZsIrHZevIsWFKnJJdTonlHByWoF20JihUt27ec+Pn05pnvrqdEMecBAozJGXLtiLVTpBQFDMyyruxJBHCA9QjLU0DxIlsJ5PzR3BXKx3YDYWuQMGJ+n0iQVzKIfd1J0eqL397qfiX14pVt9JOaBDFigR4uqgbM6hCmGYBO1QQrNhQE4QF1bdC3EcCYaUTy+sQvj6F/5OGU7Ston2h06iAKbJgG+yAPWCDMqiCc1ADdYBBAm7BPXgwxsad8Wg8TVszxufMBvgB4+UDGs2Yhw==</latexit><latexit sha1_base64="QzL2ZHncyv6w2oRnRVFS9m1Ckzc=">AAAB/nicdVDLSgMxFM34rPVVFVdugkVwNSZV27qruHFZwT6gLUMmzbShycyQZIQyFPwVNy4Ucet3uPNvzLQVVPTAhcM593LvPX4suDYIfTgLi0vLK6u5tfz6xubWdmFnt6mjRFHWoJGIVNsnmgkesobhRrB2rBiRvmAtf3SV+a07pjSPwlszjllPkkHIA06JsZJX2Dde2lUSRppOuppLiE+kd+kVisi9qKDzEoYZKZVxJSOodHpWhthFUxTBHHWv8N7tRzSRLDRUEK07GMWmlxJlOBVsku8mmsWEjsiAdSwNiWS6l07Pn8Ajq/RhEClboYFT9ftESqTWY+nbTknMUP/2MvEvr5OYoNpLeRgnhoV0tihIBDQRzLKAfa4YNWJsCaGK21shHRJFqLGJ5W0IX5/C/0mz5GLk4htUrFXnceTAATgExwCDCqiBa1AHDUBBCh7AE3h27p1H58V5nbUuOPOZPfADztsn2EyVXA==</latexit>



Axion dark matter in a nutshell

✓ =
A

fA
<latexit sha1_base64="j05/Ffg7ksSJ/4lHjk+ghJq1FWw=">AAAB/XicbVDJSgNBEK2JW4zbuNy8DAbBU5gRxFzEBC8eI5gFkmHo6fQkTXoWumuEOAR/xYsHRbx69Ru86dfYWQ6a+KDg8V4VVfX8RHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+h4lRSVqexiGXLJ4oJHrE6chSslUhGQl+wpj+4GvvNOyYVj6NbHCbMDUkv4gGnBLXkmQcd7DMkF51AEppVR1ngVUeeWbRL9gTWInFmpFg5u/z+AICaZ352ujFNQxYhFUSptmMn6GZEIqeCjQqdVLGE0AHpsbamEQmZcrPJ9SPrWCtdK4ilrgitifp7IiOhUsPQ150hwb6a98bif147xaDsZjxKUmQRnS4KUmFhbI2jsLpcMopiqAmhkutbLdonOgfUgRV0CM78y4ukcVpy7JJzo9MowxR5OIQjOAEHzqEC11CDOlC4h0d4hhfjwXgyXo23aWvOmM3swx8Y7z+2dZeR</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="Zy9UlhSCt4mwH9qhAShSmQOtdb0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K4sRuhxY3LCvYBTQiT6aQdOpmEmRuhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hOmgmtwnG+rtLa+sblV3q7s7O7tH9iHRx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm5ncfmNI8kfcwSZkfk6HkEacEjBTYJx6MGJBrL1KE5s1pHgXNaWBXnZozB14lbkGqqEArsL+8QUKzmEmggmjdd50U/Jwo4FSwacXLNEsJHZMh6xsqScy0n8+vn+JzowxwlChTEvBc/T2Rk1jrSRyazpjASC97M/E/r59BVPdzLtMMmKSLRVEmMCR4FgUecMUoiIkhhCpubsV0REwOYAKrmBDc5ZdXSeey5jo1986pNupFHGV0is7QBXLRFWqgW9RCbUTRI3pGr+jNerJerHfrY9FasoqZY/QH1ucPmoGVQw==</latexit>�⇡

<latexit sha1_base64="unNOnWnANSRGx13f74prrsQ/Ur4=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgYxnBPCBZwuxkNhkyj2VmVghLfsHGQhFbf8Av8Bvs/BB7Z5MUmnjgwuGce7n3nijhzFjf//IKa+sbm1vF7dLO7t7+QfnwqGVUqgltEsWV7kTYUM4kbVpmOe0kmmIRcdqOxte5376n2jAl7+wkoaHAQ8liRrDNpYtewvrlil/1Z0CrJFiQSh2+3z8AoNEvf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbHbrFJ05ZYBipV1Ji2bq74kMC2MmInKdAtuRWfZy8T+vm9q4FmZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/JhRAsv7xKWpfVwK8Gty6NGsxRhBM4hXMI4ArqcAMNaAKBETzAEzx7wnv0XrzXeWvBW8wcwx94bz9JXpCd</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="UzmxYhRFh7MdDL6ilZOeqvo0nC4=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhBsDHc2pgzYWEYwH5AcYW8zSZbs7h27e0I48hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXJYIb6/vf3sbm1vbObmmvvH9weHRcOTltmzjVDFssFrHuRtSg4ApblluB3UQjlZHATjS9y/3OE2rDY/VoZwmGko4VH3FGbS5d9xM+qFT9mr8AWSdBQapQoDmofPWHMUslKssENaYX+IkNM6otZwLn5X5qMKFsSsfYc1RRiSbMFrfOyaVThmQUa1fKkoX6eyKj0piZjFynpHZiVr1c/M/rpXZUDzOuktSiYstFo1QQG5P8cTLkGpkVM0co09zdStiEasqsi6fsQghWX14n7Zta4NeCB7/aqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvnvRevHfvY9m64RUzZ/AH3ucPtR6N9g==</latexit> 0
<latexit sha1_base64="43L7HRh0Q5e+sd5ZzJQaFulX2lI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWIQrMKsjekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE14aQbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/z1gMqzWN5Z8YJ+hEdSB5yRo216qRXLJEymcldBW8BpavPj1uwqvWKX91+zNIIpWGCat3xSGL8jCrDmcBJoZtqTCgb0QF2LEoaofaz2aAT98w6fTeMlX3SuDP3d0dGI63HUWArI2qGejmbmv9lndSEFT/jMkkNSjb/KEyFa2J3urXb5wqZEWMLlCluZ3XZkCrKjL1NwR7BW155FZoXZY+UvTopVSswVx5O4BTOwYNLqMIN1KABDBAe4RlenHvnyXl13ualOWfRcwx/5Lz/ADNkjq0=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="qe3NlLpNv6Cxlfwv8Z9I1tvTV50=">AAAB5HicbVA9SwNBEJ2LX/H8irY2i0GwCns2pgzYWEYwH5AcYW8zl6zZ2zt294Rw5BfYWCi2/iY7/42b5AqNPhh4vDfDzLwok8JYSr+8ytb2zu5edd8/ODw6Pqn5p12T5ppjh6cy1f2IGZRCYccKK7GfaWRJJLEXzW6Xfu8JtRGperDzDMOETZSIBWfWSfd0VKvTBl2B/CVBSepQoj2qfQ7HKc8TVJZLZswgoJkNC6at4BIX/jA3mDE+YxMcOKpYgiYsVocuyKVTxiROtStlyUr9OVGwxJh5ErnOhNmp2fSW4n/eILdxMyyEynKLiq8XxbkkNiXLr8lYaORWzh1hXAt3K+FTphm3LhvfhRBsvvyXdK8bAW0E9VazDKMK53ABVxDADbTgDtrQAQ4Iz/AKb96j9+K9rxsrXjlxBr/gfXwDC+WLgA==</latexit>

⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>

VQCD(✓)
<latexit sha1_base64="lpkKWzp+rJRzWtP67b7NTM7R3dM=">AAAB/HicbVDJTgJBEK3BDXFDOXLpSEzwQma8yJGIB4+QyJLAZNLTNNChZ0l3jQmZ4K948aAxXv0Qb/6GX2CzHBR8SSUv71Wlqp4fS6HRtr+szNb2zu5edj93cHh0fJI/PWvrKFGMt1gkI9X1qeZShLyFAiXvxorTwJe840/qc7/zwJUWUXiP05i7AR2FYigYRSN5+ULbS/sqIM367azcxzFHeunlS3bFXoBsEmdFSrXi9w0YNLz8Z38QsSTgITJJte45doxuShUKJvks1080jymb0BHvGRrSgGs3XRw/IxdGGZBhpEyFSBbq74mUBlpPA990BhTHet2bi/95vQSHVTcVYZwgD9ly0TCRBCMyT4IMhOIM5dQQypQwtxI2pooyNHnlTAjO+subpH1VceyK0zRpVGGJLBThHMrgwDXU4A4a0AIGU3iCF3i1Hq1n6816X7ZmrNVMAf7A+vgBpcOVjQ==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="yJUPLR4X9fswPDAuK5/5+awNhY0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0Wol5J4scdCPXhswX5AE8Jmu22XbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyaCa3Ccb2tre2d3b790UD48Oj45tc/OezpOFWVdGotYDUKimeCSdYGDYINEMRKFgvXDWWvh9x+Z0jyWD5AlzI/IRPIxpwSMFNiVXpB7KsKd1t285sGUAbkO7KpTd5bAm8QtSBUVaAf2lzeKaRoxCVQQrYeuk4CfEwWcCjYve6lmCaEzMmFDQyWJmPbz5fFzfGWUER7HypQEvFR/T+Qk0jqLQtMZEZjqdW8h/ucNUxg3/JzLJAUm6WrROBUYYrxIAo+4YhREZgihiptbMZ0SRSiYvMomBHf95U3Su6m7Tt3tONVmo4ijhC7QJaohF92iJrpHbdRFFGXoGb2iN+vJerHerY9V65ZVzFTQH1ifP4oGk/4=</latexit>

  2: The QCD vacuum energy depends on   
      it has a minimum at                 !!!!✓ = 0
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  3: Axions field rolls down potential at  

     and becomes dark matter (like inflaton)
tosc ⇠ 1/mA
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  4: Axion dark matter abundance depends: 
      - Axion mass 
      - Initial angle  
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Axion dark matter in a nutshell
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<latexit sha1_base64="43L7HRh0Q5e+sd5ZzJQaFulX2lI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWIQrMKsjekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE14aQbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/z1gMqzWN5Z8YJ+hEdSB5yRo216qRXLJEymcldBW8BpavPj1uwqvWKX91+zNIIpWGCat3xSGL8jCrDmcBJoZtqTCgb0QF2LEoaofaz2aAT98w6fTeMlX3SuDP3d0dGI63HUWArI2qGejmbmv9lndSEFT/jMkkNSjb/KEyFa2J3urXb5wqZEWMLlCluZ3XZkCrKjL1NwR7BW155FZoXZY+UvTopVSswVx5O4BTOwYNLqMIN1KABDBAe4RlenHvnyXl13ualOWfRcwx/5Lz/ADNkjq0=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="qe3NlLpNv6Cxlfwv8Z9I1tvTV50=">AAAB5HicbVA9SwNBEJ2LX/H8irY2i0GwCns2pgzYWEYwH5AcYW8zl6zZ2zt294Rw5BfYWCi2/iY7/42b5AqNPhh4vDfDzLwok8JYSr+8ytb2zu5edd8/ODw6Pqn5p12T5ppjh6cy1f2IGZRCYccKK7GfaWRJJLEXzW6Xfu8JtRGperDzDMOETZSIBWfWSfd0VKvTBl2B/CVBSepQoj2qfQ7HKc8TVJZLZswgoJkNC6at4BIX/jA3mDE+YxMcOKpYgiYsVocuyKVTxiROtStlyUr9OVGwxJh5ErnOhNmp2fSW4n/eILdxMyyEynKLiq8XxbkkNiXLr8lYaORWzh1hXAt3K+FTphm3LhvfhRBsvvyXdK8bAW0E9VazDKMK53ABVxDADbTgDtrQAQ4Iz/AKb96j9+K9rxsrXjlxBr/gfXwDC+WLgA==</latexit>

⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>

VQCD(✓)
<latexit sha1_base64="lpkKWzp+rJRzWtP67b7NTM7R3dM=">AAAB/HicbVDJTgJBEK3BDXFDOXLpSEzwQma8yJGIB4+QyJLAZNLTNNChZ0l3jQmZ4K948aAxXv0Qb/6GX2CzHBR8SSUv71Wlqp4fS6HRtr+szNb2zu5edj93cHh0fJI/PWvrKFGMt1gkI9X1qeZShLyFAiXvxorTwJe840/qc7/zwJUWUXiP05i7AR2FYigYRSN5+ULbS/sqIM367azcxzFHeunlS3bFXoBsEmdFSrXi9w0YNLz8Z38QsSTgITJJte45doxuShUKJvks1080jymb0BHvGRrSgGs3XRw/IxdGGZBhpEyFSBbq74mUBlpPA990BhTHet2bi/95vQSHVTcVYZwgD9ly0TCRBCMyT4IMhOIM5dQQypQwtxI2pooyNHnlTAjO+subpH1VceyK0zRpVGGJLBThHMrgwDXU4A4a0AIGU3iCF3i1Hq1n6816X7ZmrNVMAf7A+vgBpcOVjQ==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="yJUPLR4X9fswPDAuK5/5+awNhY0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0Wol5J4scdCPXhswX5AE8Jmu22XbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyaCa3Ccb2tre2d3b790UD48Oj45tc/OezpOFWVdGotYDUKimeCSdYGDYINEMRKFgvXDWWvh9x+Z0jyWD5AlzI/IRPIxpwSMFNiVXpB7KsKd1t285sGUAbkO7KpTd5bAm8QtSBUVaAf2lzeKaRoxCVQQrYeuk4CfEwWcCjYve6lmCaEzMmFDQyWJmPbz5fFzfGWUER7HypQEvFR/T+Qk0jqLQtMZEZjqdW8h/ucNUxg3/JzLJAUm6WrROBUYYrxIAo+4YhREZgihiptbMZ0SRSiYvMomBHf95U3Su6m7Tt3tONVmo4ijhC7QJaohF92iJrpHbdRFFGXoGb2iN+vJerHerY9V65ZVzFTQH1ifP4oGk/4=</latexit>

  2: The QCD vacuum energy depends on   
      it has a minimum at                 !!!!✓ = 0

<latexit sha1_base64="cpRqxfdamH4fCgTLHlAwC823tpg=">AAAB8HicdZDLSgMxFIbPeK31VnXpJlgEV0NmvFQXouDGpYq1lbZIJs3Y0MyF5IxQSp/CjQtF3PoErnwId76NmVZBRX8IfPz/OeScE6RKGqT03Rkbn5icmi7MFGfn5hcWS0vLFybJNBdVnqhE1wNmhJKxqKJEJeqpFiwKlKgF3aM8r90IbWQSn2MvFa2IXccylJyhtS6b2BHI9gm9KpWpu1eh275HcvB3vEoO1N/c2iGeS4cqH7y+nIHVyVXprdlOeBaJGLlixjQ8mmKrzzRKrsSg2MyMSBnvsmvRsBizSJhWfzjwgKxbp03CRNsXIxm63zv6LDKmFwW2MmLYMb+z3Pwra2QY7rb6Mk4zFDEffRRmimBC8u1JW2rBUfUsMK6lnZXwDtOMo71R0R7ha1PyP1z4rkdd75SWD3dhpAKswhpsgAcVOIRjOIEqcIjgFu7hwdHOnfPoPI1Kx5zPnhX4Ief5Ax7Ckhw=</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="PpQ1qjvmuj422l54NfIvsCeiqxQ=">AAAB8HicdVDLSgNBEJz1GeMr6tHLYBA8LbOrJvEgBLx4jGAekixhdjKbDJl9MNMrhCVf4cWDIl79HG/+jbNJBBUtaCiquunu8hMpNBDyYS0tr6yurRc2iptb2zu7pb39lo5TxXiTxTJWHZ9qLkXEmyBA8k6iOA19ydv++Cr32/dcaRFHtzBJuBfSYSQCwSgY6a4HIw70EpN+qUzsiyo5dx2cE7fiVHNC3NOzCnZsMkMZLdDol957g5ilIY+ASap11yEJeBlVIJjk02Iv1TyhbEyHvGtoREOuvWx28BQfG2WAg1iZigDP1O8TGQ21noS+6QwpjPRvLxf/8ropBDUvE1GSAo/YfFGQSgwxzr/HA6E4AzkxhDIlzK2YjaiiDExGRRPC16f4f9JybYfYzg0p12uLOAroEB2hE+SgKqqja9RATcRQiB7QE3q2lPVovViv89YlazFzgH7AevsEYDWQFQ==</latexit>

✓
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  3: Axions field rolls down potential at  

     and becomes dark matter (like inflaton)
tosc ⇠ 1/mA
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5: Scenario B : Initial conditions after inflation 

   dark matter inhomogeneous at scales below ~ pc
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  4: Axion dark matter abundance depends: 
      - Axion mass 
      - Initial angle  
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Axion dark matter in a nutshell
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⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>

VQCD(✓)
<latexit sha1_base64="lpkKWzp+rJRzWtP67b7NTM7R3dM=">AAAB/HicbVDJTgJBEK3BDXFDOXLpSEzwQma8yJGIB4+QyJLAZNLTNNChZ0l3jQmZ4K948aAxXv0Qb/6GX2CzHBR8SSUv71Wlqp4fS6HRtr+szNb2zu5edj93cHh0fJI/PWvrKFGMt1gkI9X1qeZShLyFAiXvxorTwJe840/qc7/zwJUWUXiP05i7AR2FYigYRSN5+ULbS/sqIM367azcxzFHeunlS3bFXoBsEmdFSrXi9w0YNLz8Z38QsSTgITJJte45doxuShUKJvks1080jymb0BHvGRrSgGs3XRw/IxdGGZBhpEyFSBbq74mUBlpPA990BhTHet2bi/95vQSHVTcVYZwgD9ly0TCRBCMyT4IMhOIM5dQQypQwtxI2pooyNHnlTAjO+subpH1VceyK0zRpVGGJLBThHMrgwDXU4A4a0AIGU3iCF3i1Hq1n6816X7ZmrNVMAf7A+vgBpcOVjQ==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="h+gsu+K79mtdKTb8WNB7obhFLKk=">AAAB/HicbVC7TgJBFJ3FBwg+UEqaicQEG7JrIyURC0tI5JGwm83sMAsTZh+ZuWtCNvgF/oONhcbY+iF2/oa1hcOjUPAkNzk5597ce48XC67AND+NzNb2zm42t5cv7B8cHhWPT7oqSiRlHRqJSPY9opjgIesAB8H6sWQk8ATreZPm3O/dMal4FN7CNGZOQEYh9zkloCW3WOq6qS0D3G5ez6o2jBmQc7dYMWvmAniTWCtSaZS/rrKFh++WW/ywhxFNAhYCFUSpgWXG4KREAqeCzfJ2olhM6ISM2EDTkARMOeni+Bk+08oQ+5HUFQJeqL8nUhIoNQ083RkQGKt1by7+5w0S8OtOysM4ARbS5SI/ERgiPE8CD7lkFMRUE0Il17diOiaSUNB55XUI1vrLm6R7UbPMmtXWadTREjlURqeoiix0iRroBrVQB1E0RY/oGb0Y98aT8Wq8LVszxmqmhP7AeP8ByLqXJw==</latexit><latexit sha1_base64="yJUPLR4X9fswPDAuK5/5+awNhY0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0Wol5J4scdCPXhswX5AE8Jmu22XbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyaCa3Ccb2tre2d3b790UD48Oj45tc/OezpOFWVdGotYDUKimeCSdYGDYINEMRKFgvXDWWvh9x+Z0jyWD5AlzI/IRPIxpwSMFNiVXpB7KsKd1t285sGUAbkO7KpTd5bAm8QtSBUVaAf2lzeKaRoxCVQQrYeuk4CfEwWcCjYve6lmCaEzMmFDQyWJmPbz5fFzfGWUER7HypQEvFR/T+Qk0jqLQtMZEZjqdW8h/ucNUxg3/JzLJAUm6WrROBUYYrxIAo+4YhREZgihiptbMZ0SRSiYvMomBHf95U3Su6m7Tt3tONVmo4ijhC7QJaohF92iJrpHbdRFFGXoGb2iN+vJerHerY9V65ZVzFTQH1ifP4oGk/4=</latexit>

  2: The QCD vacuum energy depends on   
      it has a minimum at                 !!!!✓ = 0

<latexit sha1_base64="cpRqxfdamH4fCgTLHlAwC823tpg=">AAAB8HicdZDLSgMxFIbPeK31VnXpJlgEV0NmvFQXouDGpYq1lbZIJs3Y0MyF5IxQSp/CjQtF3PoErnwId76NmVZBRX8IfPz/OeScE6RKGqT03Rkbn5icmi7MFGfn5hcWS0vLFybJNBdVnqhE1wNmhJKxqKJEJeqpFiwKlKgF3aM8r90IbWQSn2MvFa2IXccylJyhtS6b2BHI9gm9KpWpu1eh275HcvB3vEoO1N/c2iGeS4cqH7y+nIHVyVXprdlOeBaJGLlixjQ8mmKrzzRKrsSg2MyMSBnvsmvRsBizSJhWfzjwgKxbp03CRNsXIxm63zv6LDKmFwW2MmLYMb+z3Pwra2QY7rb6Mk4zFDEffRRmimBC8u1JW2rBUfUsMK6lnZXwDtOMo71R0R7ha1PyP1z4rkdd75SWD3dhpAKswhpsgAcVOIRjOIEqcIjgFu7hwdHOnfPoPI1Kx5zPnhX4Ief5Ax7Ckhw=</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="DrlTr5brNL80yl7wJMjj6oUWtVo=">AAAB8HicdZDLSgMxFIYz9VbrrepSkGARXJVM1bYuxIIbly3Yi7SlZNK0Dc1cSM4IZejSJ3DjQhG3PkFXPoQ7n8GXMNMqqOgPgY//P4ecc5xACg2EvFmJufmFxaXkcmpldW19I725VdN+qBivMl/6quFQzaXweBUESN4IFKeuI3ndGZ7Hef2aKy187xJGAW+7tO+JnmAUjHXVggEHeopJJ50h2ZMCOc7ZOIZc3i7EQHKHR3lsZ8lUmbOXSeX9ZndS7qRfW12fhS73gEmqddMmAbQjqkAwycepVqh5QNmQ9nnToEddrtvRdOAx3jdOF/d8ZZ4HeOp+74ioq/XIdUylS2Ggf2ex+VfWDKFXbEfCC0LgHpt91AslBh/H2+OuUJyBHBmgTAkzK2YDqigDc6OUOcLXpvh/qOWyNsnaFZIpFdFMSbSD9tABslEBldAFKqMqYshFt+gePVjKurMeradZacL67NlGP2Q9fwAovZRh</latexit><latexit sha1_base64="PpQ1qjvmuj422l54NfIvsCeiqxQ=">AAAB8HicdVDLSgNBEJz1GeMr6tHLYBA8LbOrJvEgBLx4jGAekixhdjKbDJl9MNMrhCVf4cWDIl79HG/+jbNJBBUtaCiquunu8hMpNBDyYS0tr6yurRc2iptb2zu7pb39lo5TxXiTxTJWHZ9qLkXEmyBA8k6iOA19ydv++Cr32/dcaRFHtzBJuBfSYSQCwSgY6a4HIw70EpN+qUzsiyo5dx2cE7fiVHNC3NOzCnZsMkMZLdDol957g5ilIY+ASap11yEJeBlVIJjk02Iv1TyhbEyHvGtoREOuvWx28BQfG2WAg1iZigDP1O8TGQ21noS+6QwpjPRvLxf/8ropBDUvE1GSAo/YfFGQSgwxzr/HA6E4AzkxhDIlzK2YjaiiDExGRRPC16f4f9JybYfYzg0p12uLOAroEB2hE+SgKqqja9RATcRQiB7QE3q2lPVovViv89YlazFzgH7AevsEYDWQFQ==</latexit>

✓
<latexit sha1_base64="2fAHG//vQ0iAJhJrj+eYBWvZcXI=">AAAB7XicdZBNS0JBFIbPtS+zL6tlmyEJWslcK7VVQpuWFqmBiswdR52c+8HMuYGI/6FNiyLa9hda9SPa9W+aqwUV9cLAw/uew5xzvEhJg5S+O6m5+YXFpfRyZmV1bX0ju7lVN2GsuajxUIX6ymNGKBmIGkpU4irSgvmeEg1veJrkjRuhjQyDSxxFou2zfiB7kjO0Vr2FA4Gsk83R/HGJHhVckkCh6JYSoIWDwyJx83Sq3MnrywVYVTvZt1Y35LEvAuSKGdN0aYTtMdMouRKTTCs2ImJ8yPqiaTFgvjDt8XTaCdmzTpf0Qm1fgGTqfu8YM9+Yke/ZSp/hwPzOEvOvrBljr9weyyCKUQR89lEvVgRDkqxOulILjmpkgXEt7ayED5hmHO2BMvYIX5uS/6FeyLs0757TXKUMM6VhB3ZhH1woQQXOoAo14HANt3APD07o3DmPztOsNOV89mzDDznPH9IwkXE=</latexit><latexit sha1_base64="ah4gNnk8b+PXRWnqVKC4g2JgfIs=">AAAB7XicdZDLSgMxFIYzXmu9VV0KEiyCqyFTta0rC25ctmAv0JaSSTNtbOZCckYopUv3blwo4tZX6MqHcOcz+BJmWgUV/SHw8f/nkHOOG0mhgZA3a25+YXFpObWSXl1b39jMbG3XdBgrxqsslKFquFRzKQJeBQGSNyLFqe9KXncH50lev+ZKizC4hGHE2z7tBcITjIKxai3oc6CdTJbYpwVyknNwArm8U0iA5I6O89ixyVTZs5dJ5f1mb1LuZF5b3ZDFPg+ASap10yERtEdUgWCSj9OtWPOIsgHt8abBgPpct0fTacf4wDhd7IXKvADw1P3eMaK+1kPfNZU+hb7+nSXmX1kzBq/YHokgioEHbPaRF0sMIU5Wx12hOAM5NECZEmZWzPpUUQbmQGlzhK9N8f9Qy9kOsZ0KyZaKaKYU2kX76BA5qIBK6AKVURUxdIVu0T16sELrznq0nmalc9Znzw76Iev5A9wrk7Y=</latexit><latexit sha1_base64="ah4gNnk8b+PXRWnqVKC4g2JgfIs=">AAAB7XicdZDLSgMxFIYzXmu9VV0KEiyCqyFTta0rC25ctmAv0JaSSTNtbOZCckYopUv3blwo4tZX6MqHcOcz+BJmWgUV/SHw8f/nkHOOG0mhgZA3a25+YXFpObWSXl1b39jMbG3XdBgrxqsslKFquFRzKQJeBQGSNyLFqe9KXncH50lev+ZKizC4hGHE2z7tBcITjIKxai3oc6CdTJbYpwVyknNwArm8U0iA5I6O89ixyVTZs5dJ5f1mb1LuZF5b3ZDFPg+ASap10yERtEdUgWCSj9OtWPOIsgHt8abBgPpct0fTacf4wDhd7IXKvADw1P3eMaK+1kPfNZU+hb7+nSXmX1kzBq/YHokgioEHbPaRF0sMIU5Wx12hOAM5NECZEmZWzPpUUQbmQGlzhK9N8f9Qy9kOsZ0KyZaKaKYU2kX76BA5qIBK6AKVURUxdIVu0T16sELrznq0nmalc9Znzw76Iev5A9wrk7Y=</latexit><latexit sha1_base64="Pew/AvRA78O5D0Qbe1/3tcifSL0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZldNYm3gBePEcwDkiXMTmaTMbMPZnqFsOQfvHhQxKv/482/cTaJoKIFDUVVN91dfiKFBkI+rMLK6tr6RnGztLW9s7tX3j9o6zhVjLdYLGPV9anmUkS8BQIk7yaK09CXvONPrnK/c8+VFnF0C9OEeyEdRSIQjIKR2n0Yc6CDcoXYlzVy4To4J27VqeWEuGfnVezYZI4KWqI5KL/3hzFLQx4Bk1TrnkMS8DKqQDDJZ6V+qnlC2YSOeM/QiIZce9n82hk+McoQB7EyFQGeq98nMhpqPQ190xlSGOvfXi7+5fVSCOpeJqIkBR6xxaIglRhinL+Oh0JxBnJqCGVKmFsxG1NFGZiASiaEr0/x/6Tt2g6xnRtSadSXcRTRETpGp8hBNdRA16iJWoihO/SAntCzFVuP1ov1umgtWMuZQ/QD1tsnE7KPag==</latexit>

  3: Axions field rolls down potential at  

     and becomes dark matter (like inflaton)
tosc ⇠ 1/mA

<latexit sha1_base64="8n3rSISmm/y7lAByKRw9gQGCdhQ=">AAAB/nicdVBNS8NAEJ3Ur1q/qiIIXhaL4KkmUdt6q3jxWMHWQlvCZrttl+4mYXcj1FDwr3jxoIhXf4c3wR/jplVQ0QcDj/dmmJnnR5wpbdtvVmZmdm5+IbuYW1peWV3Lr280VBhLQusk5KFs+lhRzgJa10xz2owkxcLn9MofnqX+1TWVioXBpR5FtCNwP2A9RrA2kpff0l7SlgKFiozbignkHAjv1MsX7OJJ2T52HZQSt+SUU2K7h0cl5BTtCQrV7Zt3MKh5+dd2NySxoIEmHCvVcuxIdxIsNSOcjnPtWNEIkyHu05ahARZUdZLJ+WO0Z5Qu6oXSVKDRRP0+kWCh1Ej4plNgPVC/vVT8y2vFulfpJCyIYk0DMl3UiznSIUqzQF0mKdF8ZAgmkplbERlgiYk2ieVMCF+fov9Jwy06dtG5MGlUYIos7MAu7IMDZajCOdSgDgQSuIMHeLRurXvryXqetmasz5lN+AHr5QMdYZcK</latexit><latexit sha1_base64="moSbbpHFYIzknY6yGfr8mP9JAT8=">AAAB/nicdVBNS8NAEN3Ur7Z+RUUQvCwWwVNNorb1VvXisYKthaaEzXbbLt1Nwu5GqKHQv+LFgyKCJ3+HN8Ef46ZVUNEHA4/3ZpiZ50eMSmVZb0ZmZnZufiGbyy8uLa+smmvrDRnGApM6Dlkomj6ShNGA1BVVjDQjQRD3GbnyB2epf3VNhKRhcKmGEWlz1Atol2KktOSZm8pLXMFhKPHIlZRDe597J55ZsIrHZevIsWFKnJJdTonlHByWoF20JihUt27ec+Pn05pnvrqdEMecBAozJGXLtiLVTpBQFDMyyruxJBHCA9QjLU0DxIlsJ5PzR3BXKx3YDYWuQMGJ+n0iQVzKIfd1J0eqL397qfiX14pVt9JOaBDFigR4uqgbM6hCmGYBO1QQrNhQE4QF1bdC3EcCYaUTy+sQvj6F/5OGU7Ston2h06iAKbJgG+yAPWCDMqiCc1ADdYBBAm7BPXgwxsad8Wg8TVszxufMBvgB4+UDGs2Yhw==</latexit><latexit sha1_base64="moSbbpHFYIzknY6yGfr8mP9JAT8=">AAAB/nicdVBNS8NAEN3Ur7Z+RUUQvCwWwVNNorb1VvXisYKthaaEzXbbLt1Nwu5GqKHQv+LFgyKCJ3+HN8Ef46ZVUNEHA4/3ZpiZ50eMSmVZb0ZmZnZufiGbyy8uLa+smmvrDRnGApM6Dlkomj6ShNGA1BVVjDQjQRD3GbnyB2epf3VNhKRhcKmGEWlz1Atol2KktOSZm8pLXMFhKPHIlZRDe597J55ZsIrHZevIsWFKnJJdTonlHByWoF20JihUt27ec+Pn05pnvrqdEMecBAozJGXLtiLVTpBQFDMyyruxJBHCA9QjLU0DxIlsJ5PzR3BXKx3YDYWuQMGJ+n0iQVzKIfd1J0eqL397qfiX14pVt9JOaBDFigR4uqgbM6hCmGYBO1QQrNhQE4QF1bdC3EcCYaUTy+sQvj6F/5OGU7Ston2h06iAKbJgG+yAPWCDMqiCc1ADdYBBAm7BPXgwxsad8Wg8TVszxufMBvgB4+UDGs2Yhw==</latexit><latexit sha1_base64="QzL2ZHncyv6w2oRnRVFS9m1Ckzc=">AAAB/nicdVDLSgMxFM34rPVVFVdugkVwNSZV27qruHFZwT6gLUMmzbShycyQZIQyFPwVNy4Ucet3uPNvzLQVVPTAhcM593LvPX4suDYIfTgLi0vLK6u5tfz6xubWdmFnt6mjRFHWoJGIVNsnmgkesobhRrB2rBiRvmAtf3SV+a07pjSPwlszjllPkkHIA06JsZJX2Dde2lUSRppOuppLiE+kd+kVisi9qKDzEoYZKZVxJSOodHpWhthFUxTBHHWv8N7tRzSRLDRUEK07GMWmlxJlOBVsku8mmsWEjsiAdSwNiWS6l07Pn8Ajq/RhEClboYFT9ftESqTWY+nbTknMUP/2MvEvr5OYoNpLeRgnhoV0tihIBDQRzLKAfa4YNWJsCaGK21shHRJFqLGJ5W0IX5/C/0mz5GLk4htUrFXnceTAATgExwCDCqiBa1AHDUBBCh7AE3h27p1H58V5nbUuOPOZPfADztsn2EyVXA==</latexit>

5: Scenario B : Initial conditions after inflation 

   dark matter inhomogeneous at scales below ~ pc

q
h✓2I i ⇠ 2

<latexit sha1_base64="QySFkdjgZ1sPCT4Z74G+ivXTcHg="></latexit><latexit sha1_base64="vk4IXL/xPAnWZChrhiom6ai30e8="></latexit><latexit sha1_base64="vk4IXL/xPAnWZChrhiom6ai30e8="></latexit><latexit sha1_base64="2ElmyDToArb0Ln9OkNY7/XZTHzg="></latexit>

  4: Axion dark matter abundance depends: 
      - Axion mass 
      - Initial angle  

⌦ch
2 ⇠ 0.12✓2I

✓
10µeV

mA

◆1.17

<latexit sha1_base64="ySMEkZEi2Jc3RXQlDIxLI3+wioc="></latexit><latexit sha1_base64="mO//1po4CPpzEWNY1+Y89fl5QVU="></latexit><latexit sha1_base64="mO//1po4CPpzEWNY1+Y89fl5QVU="></latexit><latexit sha1_base64="mO//1po4CPpzEWNY1+Y89fl5QVU="></latexit><latexit sha1_base64="mO//1po4CPpzEWNY1+Y89fl5QVU="></latexit><latexit sha1_base64="cSsDvUOV8QsmRj3SlN0VvLGu69w="></latexit>

6: Scenario A : Inflation AFTER initial conditions 

   dark matter homogeneous

✓I =?



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

⇠ 1

fa
<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>

⇠ 1

H
<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>

fa

H1
⇠ 1030

<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

- Effective tension approach 

mA = 26.2± 3.4µeV
<latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit>

Klaer & Moore 2017

⇠ 1

fa
<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>

⇠ 1

H
<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>

fa

H1
⇠ 1030

<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

- Effective tension approach 

mA = 26.2± 3.4µeV
<latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit>

Klaer & Moore 2017

- Attractor/Scaling studies

mA ' 100µeV
<latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit>

mA = 15µeV
<latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit>

mA ⇠ meV
<latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit>

Sikivie 87

Kawasaki 14

Wantz 10

(Extrapolation inconclusive) Villadoro 2018

⇠ 1

fa
<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>

⇠ 1

H
<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>

fa

H1
⇠ 1030

<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

- Effective tension approach 

mA = 26.2± 3.4µeV
<latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit>

Klaer & Moore 2017

- Attractor/Scaling studies

mA ' 100µeV
<latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit>

mA = 15µeV
<latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit>

mA ⇠ meV
<latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit>

Sikivie 87

Kawasaki 14

Wantz 10

(Extrapolation inconclusive) Villadoro 2018

⇠ 1

fa
<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>

⇠ 1

H
<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>

fa

H1
⇠ 1030

<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 

- Model dependency (N=1 vs N>1, RD vs MD, etc...)

⌦ah
2 "

<latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit>



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

Scenario A

- Theta_I is random -> all values of axion mass are equally likely 

- Effective tension approach 

mA = 26.2± 3.4µeV
<latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit>

Klaer & Moore 2017

- Attractor/Scaling studies

mA ' 100µeV
<latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit>

mA = 15µeV
<latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit>

mA ⇠ meV
<latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit>

Sikivie 87

Kawasaki 14

Wantz 10

(Extrapolation inconclusive) Villadoro 2018
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<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>

⇠ 1

H
<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>
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<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 

- Model dependency (N=1 vs N>1, RD vs MD, etc...)

⌦ah
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<latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit>



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

Scenario A

- Theta_I is random -> all values of axion mass are equally likely 

- Effective tension approach 

mA = 26.2± 3.4µeV
<latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit>

Klaer & Moore 2017

- Attractor/Scaling studies

mA ' 100µeV
<latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit>

mA = 15µeV
<latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit>

mA ⇠ meV
<latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit>

Sikivie 87

Kawasaki 14

Wantz 10

(Extrapolation inconclusive) Villadoro 2018
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<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>
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H
<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>

fa

H1
⇠ 1030

<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 

- Model dependency (N=1 vs N>1, RD vs MD, etc...)

⌦ah
2 "

<latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit>

- Anthropic Axion window  (Tegmark 2006)



Scenario B
- A prediction                                        is possible -> AXION DM MASS⌦ch

2 = ⌦ch
2(fa)

<latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit><latexit sha1_base64="ICn9Ns4qPV2SzUuX5P4sauvZaI4="></latexit>

Scenario A

- Theta_I is random -> all values of axion mass are equally likely 

- Stochastic Axion scenario (Scherlis 2018) Low-scale of inflation 

- Effective tension approach 

mA = 26.2± 3.4µeV
<latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit><latexit sha1_base64="Wg/+c19zahXuTDKpmlMl2+bAmWE="></latexit>

Klaer & Moore 2017

- Attractor/Scaling studies

mA ' 100µeV
<latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit><latexit sha1_base64="XPSYg4mXC/7dxjGB6zOj1hVNAyc="></latexit>

mA = 15µeV
<latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit><latexit sha1_base64="z/SlH/RlrCQy9Ju5ImxdrxkvUrg="></latexit>

mA ⇠ meV
<latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit><latexit sha1_base64="hiG/fF4ONV2+8+0KsQAuoPt745k="></latexit>

Sikivie 87

Kawasaki 14

Wantz 10

(Extrapolation inconclusive) Villadoro 2018
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<latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit><latexit sha1_base64="u1J0hcsHkVjefoyS1jowlG1AovE="></latexit>
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<latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit><latexit sha1_base64="xV6E/TentqxW2xwXFWIZMR5YYLQ="></latexit>

fa
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<latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit><latexit sha1_base64="kiPklOFJVi0tOMvcAQyYLybrD+o="></latexit>

core

distance to other string

- Problems with dynamical range of simulations (cosmic strings) 

- Model dependency (N=1 vs N>1, RD vs MD, etc...)

⌦ah
2 "

<latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit><latexit sha1_base64="BZsAIoAp+93vUuiCsPPwWCWNxh8="></latexit>

- Anthropic Axion window  (Tegmark 2006)



Excluded (too much DM) ? tuned

- Axion DM scenarios

Excluded (too much DM) ok sub Excluded by Lab+Astro

What value of       for                              ?    

✓I ⌧ 1

✓I ⇠ O(1)

⌦cdmh2 = 0.12fa

⇠ ⇡

- Less minimal axion models have further possibilities .... 



Excluded (too much DM) ? tuned

- Axion DM scenarios

Excluded (too much DM) ok sub Excluded by Lab+Astro

What value of       for                              ?    

Dark Matter 
huge parameter space!

✓I ⌧ 1

✓I ⇠ O(1)

⌦cdmh2 = 0.12fa

⇠ ⇡

- Less minimal axion models have further possibilities .... 



axion-like parameter space

�I ⇠ f
<latexit sha1_base64="4992BLRsbSYSp268ALNKqQsPh2c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnoreNFbBdcWukvJptk2NMmGJCuU0r/hxYOKV3+NN/+NabsHbX0w8Hhvhpl5ieLMWN//9kpr6xubW+Xtys7u3v5B9fDo0WS5JjQkGc90J8GGciZpaJnltKM0xSLhtJ2MbmZ++4lqwzL5YMeKxgIPJEsZwdZJUaSGrHcXGSZQ2qvW/Lo/B1olQUFqUKDVq35F/YzkgkpLODamG/jKxhOsLSOcTitRbqjCZIQHtOuoxIKaeDK/eYrOnNJHaaZdSYvm6u+JCRbGjEXiOgW2Q7PszcT/vG5u06t4wqTKLZVksSjNObIZmgWA+kxTYvnYEUw0c7ciMsQaE+tiqrgQguWXV0l4Ub+uB/eNWrNRpFGGEziFcwjgEppwCy0IgYCCZ3iFNy/3Xrx372PRWvKKmWP4A+/zBwBYkSg=</latexit><latexit sha1_base64="4992BLRsbSYSp268ALNKqQsPh2c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnoreNFbBdcWukvJptk2NMmGJCuU0r/hxYOKV3+NN/+NabsHbX0w8Hhvhpl5ieLMWN//9kpr6xubW+Xtys7u3v5B9fDo0WS5JjQkGc90J8GGciZpaJnltKM0xSLhtJ2MbmZ++4lqwzL5YMeKxgIPJEsZwdZJUaSGrHcXGSZQ2qvW/Lo/B1olQUFqUKDVq35F/YzkgkpLODamG/jKxhOsLSOcTitRbqjCZIQHtOuoxIKaeDK/eYrOnNJHaaZdSYvm6u+JCRbGjEXiOgW2Q7PszcT/vG5u06t4wqTKLZVksSjNObIZmgWA+kxTYvnYEUw0c7ciMsQaE+tiqrgQguWXV0l4Ub+uB/eNWrNRpFGGEziFcwjgEppwCy0IgYCCZ3iFNy/3Xrx372PRWvKKmWP4A+/zBwBYkSg=</latexit><latexit sha1_base64="4992BLRsbSYSp268ALNKqQsPh2c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnoreNFbBdcWukvJptk2NMmGJCuU0r/hxYOKV3+NN/+NabsHbX0w8Hhvhpl5ieLMWN//9kpr6xubW+Xtys7u3v5B9fDo0WS5JjQkGc90J8GGciZpaJnltKM0xSLhtJ2MbmZ++4lqwzL5YMeKxgIPJEsZwdZJUaSGrHcXGSZQ2qvW/Lo/B1olQUFqUKDVq35F/YzkgkpLODamG/jKxhOsLSOcTitRbqjCZIQHtOuoxIKaeDK/eYrOnNJHaaZdSYvm6u+JCRbGjEXiOgW2Q7PszcT/vG5u06t4wqTKLZVksSjNObIZmgWA+kxTYvnYEUw0c7ciMsQaE+tiqrgQguWXV0l4Ub+uB/eNWrNRpFGGEziFcwjgEppwCy0IgYCCZ3iFNy/3Xrx372PRWvKKmWP4A+/zBwBYkSg=</latexit><latexit sha1_base64="4992BLRsbSYSp268ALNKqQsPh2c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnoreNFbBdcWukvJptk2NMmGJCuU0r/hxYOKV3+NN/+NabsHbX0w8Hhvhpl5ieLMWN//9kpr6xubW+Xtys7u3v5B9fDo0WS5JjQkGc90J8GGciZpaJnltKM0xSLhtJ2MbmZ++4lqwzL5YMeKxgIPJEsZwdZJUaSGrHcXGSZQ2qvW/Lo/B1olQUFqUKDVq35F/YzkgkpLODamG/jKxhOsLSOcTitRbqjCZIQHtOuoxIKaeDK/eYrOnNJHaaZdSYvm6u+JCRbGjEXiOgW2Q7PszcT/vG5u06t4wqTKLZVksSjNObIZmgWA+kxTYvnYEUw0c7ciMsQaE+tiqrgQguWXV0l4Ub+uB/eNWrNRpFGGEziFcwjgEppwCy0IgYCCZ3iFNy/3Xrx372PRWvKKmWP4A+/zBwBYkSg=</latexit>
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preinflation

post-inflation

possible?  
(N>1,…)
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T~ Teq

Miniclustersgravitational collapse

gravitational collapse

M ⇠ 10�12M�
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Wiebe, Niemeyer, JR, in prep

Hogan 88, Tkachev 93 

R ⇠ 1012cm
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Axion ALP DM is different

Scenario B Scenario A
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- Microlensing
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HSC M31 PBHs Niikura 2017

Axion ALP DM is different

Scenario B Scenario A
- Axion DM inhomogeneous at ~ pc scales (different for ALP/ nonstandard Ax) 

- Microlensing

Strong bounds ... Marsh 17

 Inomata 2018
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< 0.039Ps = 0.88⇥ 10�10

- Planck sees no Isocurvature fluctuations, strong limit!

- If        is measured by next generation CMB Polarisation 
  axion DM is excluded (avoided in some models)

Depends on Hubble rate  
during inflation ... HI

HI

100%DM

10%DM

1%DM

- Axion fluctuations during inflation ->>> CDM fluc. >>> isocurvature fluc. CMB!



Axion DM in the lab

⇢aDM = 0.3
GeV

cm3

✓0 = 3.6⇥ 10�19

Local Dark Matter density*

time

✓(t) = ✓0 cos(mat)
0 ⇡�⇡ ✓

V (✓)



Oscillating EDM Cavities 

Mirrors

LC-circuit

Atomic transitionsFerromagnetic resonance



CASPER : oscillating EDM with NMR Mainz, Berkeley

- Oscillating neutron EDM dn = �4⇥ 10�3 ⇥ ✓0 cos(mat) [e fm]
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CASPER : oscillating EDM with NMR

~Bext

~E⇤

Oscillating EDM, effects add up,  
transverse magnetisation grows  
on resonance ma = ! = µ| ~Bext|

- EDM + Large E-fields in PbTiO3 
- Scan over frequencies, with Bext 
- Mainz (D. Budker’s group) & Berkeley 
- Phase I starts in 2017, Phase II physics results ... 
- Mass range limited by B-field strength 

Mainz, Berkeley

D. Budker S. Rajendran P. Graham

- Oscillating neutron EDM dn = �4⇥ 10�3 ⇥ ✓0 cos(mat) [e fm]

Irastorza 2018



B-field

Axion DM in a B-field

LI = �Ca�
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source

- Axion photon coupling in a strong B-field becomes a source of E-field

E ⇠ O(10�12V/m)
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1m2Power E-field 



B-field

Axion DM in a B-field

LI = �Ca�
↵

2⇡
✓(t)Bext ·E

source

- Axion photon coupling in a strong B-field becomes a source of E-field

- Four different techniques: 

DM Radio Cavities Dielectric haloscope Dish antenna

E ⇠ O(10�12V/m)
|Bext|

10T
Ca� ⇥ cos(mat) P/Area ⇠ |Ea|2 ⇠ 2⇥ 10�27

✓
B

5T

Ca�

2

◆2 Watt

1m2Power E-field 
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- System T ~ Quantum limited (SQUID, JPA)

- Volume ⇠ 1/m3
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- Cavity quality factor Q ⇠ 105
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Resonant cavities: haloscopes

 P. Sikivie

- Boost the axion-generated E-field in a tuned resonant cavity

Scanning over frequencies

- At high freq. limited by small volume and high noise 
- At low freq. by getting a large enough B-field

Pout ⇠ Q|Ea|2V ma

B ⇠ 10T- B-fields 

- Temperature T ⇠ 0.2� 4K

- System T ~ Quantum limited (SQUID, JPA)

- Volume ⇠ 1/m3
a (typically a few liters)

- Cavity quality factor Q ⇠ 105



Cavity experiments
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- Physical dimensions L ⇠ 1/ma
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- Need >10 T, sub QL detection, Q~10^6

- or combine many cavities ...



Dish antenna
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- Detect radiated power from a huge (                       )   magnetised dishAm2
a � 106

- Broadband, no resonance enhancement; Only detector needs to be at T~mK (high reflectivity dish)
- Magnetise Area with permanent-magnets, photon counting?
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Dish antenna

P/Area ⇠ |Ea|2 ⇠ 2⇥ 10�27

✓
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Ca�

2

◆2 Watt

1m2

- Detect radiated power from a huge (                       )   magnetised dishAm2
a � 106

- Broadband, no resonance enhancement; Only detector needs to be at T~mK (high reflectivity dish)
- Magnetise Area with permanent-magnets, photon counting?

FUNK experiment (KIT)
BRASS @ Hamburg



Dielectric haloscope : MADMAX
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- Hybrid system, large area + multiple emitters + a bit of resonant enhancement

MADMAX: MAgnetised Disk and Mirror Axion eXperiment: MPP Munich, Hamburg Uni, DESY, Saclay, Zaragoza U
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DM experiments (and lab experiments)

Hot-DM ê CMB ê BBN
SN1987ABurst Duration SK

Globular Clusters HgagLHgaeL?

White Dwarfs HgaeL?

Solar Neutrino flux HgagLHgaeL

IAXO CAST Telescope Beam
DumpADMX-IIADMX

Cold DM predictions
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PostInflation-PQ
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DM experiments (and lab experiments)
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Axion DM is very different

Beyond SM Cosmology

Dark matter 
low-background,  
high-B fields, NMR



and lab experiments



The Sun is a copious emitter of axions! convert into X-rays
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focus detect
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Past and the future
CAST (LHC dipole 9.3 m, 9T)

- 1~2 h tracking/day (sunset,dawn) 
- 3 Detectors (2 bores) 
- X-ray optics 
- small aperture



Past and the future
CAST (LHC dipole 9.3 m, 9T)

- 1~2 h tracking/day (sunset,dawn) 
- 3 Detectors (2 bores) 
- X-ray optics 
- small aperture

IAXO (proposed toroid) 20 m, 3T)
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the ANY-Light-Particle-Search

Light shining through walls

Resonant regeneration in the receiving cavity



Long-range forces

Long-range forces between macroscopic bodies

In some case a tiny s-coupling can lead to a larger effect

p-p forces are spin-spin ... very hard to measure!

s-p forces are number-spin ... much easier

Wilzcek ’84, Geraci 14

ARIADNE, University of Nevada in Reno



Flavoured axions 

- Axions related to flavour/family symmetries induce Flavour violating decays

�(K+ ! ⇡+a) ' mK

64⇡
g2aff 0
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BR(⇡+a) < 7.3⇥ 10�11 (E787, E949)
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model dependent coefficient
(NA62, ORKA, KOTO improvement by ~ 70 on BR )

BR(B+ ! K+a) < 10�8 ⇠ 10�6 (Belle2?)
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1 - Experiments

Hot-DM ê CMB ê BBN
SN1987ABurst Duration SK

Globular Clusters HgagLHgaeL?

White Dwarfs HgaeL?

Solar Neutrino flux HgagLHgaeL

IAXO CAST Telescope Beam
DumpADMX-IIADMX

Cold DM predictions
PreInflation-PQ

PostInflation-PQ
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