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By using supersymmetry, even mild Swampland principles such 
as absence of global symmetries become very powerful
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In this talk, we will see how, in d>6 SUSY quantum gravity, one can 
find a

perfect match

between String Theory and the predictions of Swampland 
principles. In other words, we realize the

STRING LAMPPOST PRINCIPLE

(also known as String Universality)

i.e. with this # of supercharges, ST is the unique quantum 
theory of gravity. The basic physical ingredients are 

Bekenstein’s bound and the Cobordism Conjecture
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Minimal SUSY in d>6.

Life is simple: There are just two multiplets

Gravity: g,Ai, B
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Minimal SUSY in d>6.

Life is simple: There are just two multiplets

Gravity: g,Ai, B
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Flash review: SUGRA w. 16 supercharges 



Minimal SUSY in d>6.

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

Low-energy interactions are completely fixed by susy.

�
<latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit><latexit sha1_base64="wsAMkRKlJxu3B4tVEXszxDJKhb4=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIREpQRNJRBIg8psaLzZR2fcn7o7owUmfwCLdR0iJafoeRPOBsXJGGq2Z1Z7e54ieBK2/aXVVlb39jcqm7Xdnb39g/qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5ve5nrvEaXicfSgZwm6IZ1E3OeM6rw1TAI+qjfspl2ArBKnJA0o0R7Vv4fjmKUhRpoJqtTAsRPtZlRqzgTOa8NUYULZlE5wYGhEQ1RuVtw6J2d+LIkOkBT1X29GQ6VmoWc8IdWBWtby5n/aINX+tZvxKEk1RsxYjOanguiY5C+TMZfItJgZQpnk5krCAiop0yaYhS3KvBPgeF4zmTjLCayS7kXTsZvO/WWjdVOmU4UTOIVzcOAKWnAHbegAgwCe4QVerSfrzXq3Pn6tFaucOYYFWJ8/u52UrQ==</latexit>

Flash review: SUGRA w. 16 supercharges 



Minimal SUSY in d>6.

Life is simple: There are just two multiplets

Gravity: g,Ai, B
<latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit><latexit sha1_base64="LqVyjEUkKxlQRL67lCzDRABXyH0=">AAAB/3icbVC7TsNAEFzzDOEVoKQ5ESFRRJGNkKAMoaEMEnmgxIrOl3V8yvmhuzNSZKXgG2ihpkO0fAolf8IluCAJU83uzGp3x0sEV9q2v6yV1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGoQsEjbGquBXYSiTT0BLa90c1Ubz+iVDyO7vU4QTekw4j7nFFtWg/DCrnu8wqp90tlu2rPQJaJk5My5Gj0S9+9QczSECPNBFWq69iJdjMqNWcCJ8VeqjChbESH2DU0oiEqN5sdPCGnfiyJDpDM6r/ejIZKjUPPeEKqA7WoTZv/ad1U+1duxqMk1RgxYzGanwqiYzL9mwy4RKbF2BDKJDdXEhZQSZk26cxtUeadAAeTosnEWUxgmbTOq45dde4uyrV6nk4BjuEEzsCBS6jBLTSgCQxCeIYXeLWerDfr3fr4ta5Y+cwRzMH6/AGMR5WM</latexit>

A,�i
<latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit><latexit sha1_base64="7tI+N6b3nqgI75HgrUM4/fvJPfU=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2jNpYRzAckR9jbzOWW7H2wuyeEI+BvsNXaTmz9K5b+E/fiFSbxVW/mvWFmnpcIrrRtf1mlldW19Y3yZmVre2d3r7p/0FZxKhm2WCxi2fWoQsEjbGmuBXYTiTT0BHa88W2udx5RKh5HD3qSoBvSUcR9zqg2re71WT8J+IAPqjW7bs9AlolTkBoUaA6q3/1hzNIQI80EVarn2Il2Myo1ZwKnlX6qMKFsTEfYMzSiISo3m907JSd+LIkOkMzqv96MhkpNQs94QqoDtajlzf+0Xqr9KzfjUZJqjJixGM1PBdExyd8mQy6RaTExhDLJzZWEBVRSpk04c1uUeSfA4bRiMnEWE1gm7fO6Y9ed+4ta46ZIpwxHcAyn4MAlNOAOmtACBgKe4QVerSfrzXq3Pn6tJauYOYQ5WJ8/PJGWCg==</latexit>

Gauge:  

Low-energy interactions are completely fixed by susy.

There is a Narain moduli space parametrized by the scalars

�
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SO(10� d, r)

O(�)“⇥”SO(10� d)⇥ SO(r)
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Flash review: SUGRA w. 16 supercharges 
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So a sugra is fully specified by the rank of the gauge group…

…and a choice of  Lie algebra (at special points in 
moduli space) 

At some points in moduli space, symmetry enhancement 
can occur. 

The Swampland is just figuring out which combinations have a 
consistent UV embedding!

In 10d, only 4 possibilities:

E8 ⇥ E8, Spin(32)/Z2, E8 ⇥ U(1)248, U(1)496
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[Adams-De Wolfe- Taylor ’10, Kim-Shiu-Vafa ’19] 

We get string lamppost principle/string universality
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These are the observed values of the rank:

We can argue from Swampland principles:

Mod 8 rank periodicity in 9d,8d, mod 2 in 7d

Upper bound rank<22-d in d dimensions [Kim-Tarazi-Vafa ’19]
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Some constraints on global form of gauge group 
[Cvetic-Dierigl-Ling-Zhang ’20, Montero-Vafa, ’20]

…but no match of enhancements to ST predictions… and nobody 
knows why there is no Sp(n) in 9d



To answer these questions, we will study the physics of the 

magnetic (d-5)-brane

dual to the fundamental string in the gravity multiplet. 



To answer these questions, we will study the physics of the 

magnetic (d-5)-brane

dual to the fundamental string in the gravity multiplet. 

Due to the Bianchi identity

dH =
X

i

iTr(F
2
i )� gTr(R

2)
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these can be identified with instantons of the gauge group.

(this is the only gauged Chern-Weil current)



There are BPS instantons, which preserve 8 supercharges. 

They have (d-4) position moduli, 
and one size modulus.

A “fat” instanton is completely 
characterized by SUGRA

Its worldvolume theory is a bunch of free fields. 

The gauge group is broken by the instanton itself

G ! [·, SU(2)]G
<latexit sha1_base64="GeL3HIvXNUWMvQNtKthrMRdMnjE=">AAACFHicbZC9TgJBFIVn8Q/xD7XUYiIx0cSQXWKiJdECS4wCJrAhs8OFnTi7s5m5qyGExofwGWy1tjO29pa+iQNSiHiqM/ecycz9gkQKg6776WTm5hcWl7LLuZXVtfWN/OZW3ahUc6hxJZW+CZgBKWKooUAJN4kGFgUSGsHt+Shv3IE2QsXX2E/Aj1gvFl3BGdpRO79baWnRC5Fpre5ps8U7Co+uagelQ79daecLbtEdi84ab2IKZKJqO//V6iieRhAjl8yYpucm6A+YRsElDHOt1EDC+C3rQdPamEVg/MF4iyHd7ypNMQQ6Pv/uDlhkTD8KbCdiGJq/2Wj4X9ZMsXvqD0ScpAgxtxWbdVNJUdERDNoRGjjKvjWMa2F/SXnINONokU29Yuw6IXSGOcvE+0tg1tRLRc8tepfHhfLZhE6W7JA9ckA8ckLK5IJUSY1w8kCeyDN5cR6dV+fNef+pZpzJnW0yJefjGxcOnfg=</latexit><latexit sha1_base64="GeL3HIvXNUWMvQNtKthrMRdMnjE=">AAACFHicbZC9TgJBFIVn8Q/xD7XUYiIx0cSQXWKiJdECS4wCJrAhs8OFnTi7s5m5qyGExofwGWy1tjO29pa+iQNSiHiqM/ecycz9gkQKg6776WTm5hcWl7LLuZXVtfWN/OZW3ahUc6hxJZW+CZgBKWKooUAJN4kGFgUSGsHt+Shv3IE2QsXX2E/Aj1gvFl3BGdpRO79baWnRC5Fpre5ps8U7Co+uagelQ79daecLbtEdi84ab2IKZKJqO//V6iieRhAjl8yYpucm6A+YRsElDHOt1EDC+C3rQdPamEVg/MF4iyHd7ypNMQQ6Pv/uDlhkTD8KbCdiGJq/2Wj4X9ZMsXvqD0ScpAgxtxWbdVNJUdERDNoRGjjKvjWMa2F/SXnINONokU29Yuw6IXSGOcvE+0tg1tRLRc8tepfHhfLZhE6W7JA9ckA8ckLK5IJUSY1w8kCeyDN5cR6dV+fNef+pZpzJnW0yJefjGxcOnfg=</latexit><latexit sha1_base64="GeL3HIvXNUWMvQNtKthrMRdMnjE=">AAACFHicbZC9TgJBFIVn8Q/xD7XUYiIx0cSQXWKiJdECS4wCJrAhs8OFnTi7s5m5qyGExofwGWy1tjO29pa+iQNSiHiqM/ecycz9gkQKg6776WTm5hcWl7LLuZXVtfWN/OZW3ahUc6hxJZW+CZgBKWKooUAJN4kGFgUSGsHt+Shv3IE2QsXX2E/Aj1gvFl3BGdpRO79baWnRC5Fpre5ps8U7Co+uagelQ79daecLbtEdi84ab2IKZKJqO//V6iieRhAjl8yYpucm6A+YRsElDHOt1EDC+C3rQdPamEVg/MF4iyHd7ypNMQQ6Pv/uDlhkTD8KbCdiGJq/2Wj4X9ZMsXvqD0ScpAgxtxWbdVNJUdERDNoRGjjKvjWMa2F/SXnINONokU29Yuw6IXSGOcvE+0tg1tRLRc8tepfHhfLZhE6W7JA9ckA8ckLK5IJUSY1w8kCeyDN5cR6dV+fNef+pZpzJnW0yJefjGxcOnfg=</latexit><latexit sha1_base64="GeL3HIvXNUWMvQNtKthrMRdMnjE=">AAACFHicbZC9TgJBFIVn8Q/xD7XUYiIx0cSQXWKiJdECS4wCJrAhs8OFnTi7s5m5qyGExofwGWy1tjO29pa+iQNSiHiqM/ecycz9gkQKg6776WTm5hcWl7LLuZXVtfWN/OZW3ahUc6hxJZW+CZgBKWKooUAJN4kGFgUSGsHt+Shv3IE2QsXX2E/Aj1gvFl3BGdpRO79baWnRC5Fpre5ps8U7Co+uagelQ79daecLbtEdi84ab2IKZKJqO//V6iieRhAjl8yYpucm6A+YRsElDHOt1EDC+C3rQdPamEVg/MF4iyHd7ypNMQQ6Pv/uDlhkTD8KbCdiGJq/2Wj4X9ZMsXvqD0ScpAgxtxWbdVNJUdERDNoRGjjKvjWMa2F/SXnINONokU29Yuw6IXSGOcvE+0tg1tRLRc8tepfHhfLZhE6W7JA9ckA8ckLK5IJUSY1w8kCeyDN5cR6dV+fNef+pZpzJnW0yJefjGxcOnfg=</latexit>



When the size modulus becomes small (small instanton limit) 



When the size modulus becomes small (small instanton limit) 



When the size modulus becomes small (small instanton limit) 



When the size modulus becomes small (small instanton limit) 



When the size modulus becomes small (small instanton limit) 

…the gauge symmetry G is 
restored



When the size modulus becomes small (small instanton limit) 

…the gauge symmetry G is 
restored



When the size modulus becomes small (small instanton limit) 

…the gauge symmetry G is 
restored

and we reach an interacting 
SCFT in the limit of zero size. 



When the size modulus becomes small (small instanton limit) 

…the gauge symmetry G is 
restored

and we reach an interacting 
SCFT in the limit of zero size. 

At this interacting CFT,  a new scalar direction becomes 
massless. Its vev parametrizes the Coulomb branch

(as opposed to the finite 
instanton vev, which is 
called Higgs branch)



When the size modulus becomes small (small instanton limit) 

…the gauge symmetry G is 
restored

and we reach an interacting 
SCFT in the limit of zero size. 

(as opposed to the finite 
instanton vev, which is 
called Higgs branch)

Higgs branch

Coulomb branch

At this interacting CFT,  a new scalar direction becomes 
massless. Its vev parametrizes the Coulomb branch



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
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<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D8
<latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit>



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D8
<latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit>

Small instanton in D8 worldvolume (Higgs branch) becomes a D4 
brane that can detach and move in the internal space (Coulomb 

branch)



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D8
<latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit>

Small instanton in D8 worldvolume (Higgs branch) becomes a D4 
brane that can detach and move in the internal space (Coulomb 

branch)



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D8
<latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit>

Small instanton in D8 worldvolume (Higgs branch) becomes a D4 
brane that can detach and move in the internal space (Coulomb 

branch)



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D8
<latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit>

Small instanton in D8 worldvolume (Higgs branch) becomes a D4 
brane that can detach and move in the internal space (Coulomb 

branch)



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D4
<latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit><latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit><latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit><latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit>

D8
<latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit><latexit sha1_base64="hrshd70wydkKMpmUe2KvCIh8Nzg=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGBEqiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U19UK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xar7sZj5JUY8SMxWh+KoiOyexhMuQSmRYTQyiT3FxJWEAlZdrEsrBFmXcCHE5LJhNnOYFV0r6oOnbVubusNK7ydIpwAqdwDg7UoAG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6iIk3g=</latexit>

Small instanton in D8 worldvolume (Higgs branch) becomes a D4 
brane that can detach and move in the internal space (Coulomb 

branch)



To build some intuition, here’s how this is built in type I’ string 
theory:

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

O8�
<latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit><latexit sha1_base64="poX5VnEz/RRaziM7X7vZp5GUSDs=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGSKSMoKEjSOQhJSY6X9bxKeeH7s5IUcgv0EJNh2j5GUr+hHNwQRKmmt2Z1e6OlwiutG1/WYWV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3Rdaa3H1EqHkf3epygG9JhxH3OqM5at7WHs365YlftGcgycXJSgRyNfvm7N4hZGmKkmaBKdR070e6ESs2ZwGmplypMKBvRIXYNjWiIyp3Mbp2SEz+WRAdIZvVf74SGSo1Dz3hCqgO1qGXN/7Ruqv2aO+FRkmqMmLEYzU8F0THJXiYDLpFpMTaEMsnNlYQFVFKmTTBzW5R5J8DBtGQycRYTWCat86pjV527i0r9Kk+nCEdwDKfgwCXU4QYa0AQGATzDC7xaT9ab9W59/FoLVj5zCHOwPn8A4ByUIg==</latexit>

D4
<latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit><latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit><latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit><latexit sha1_base64="2GypVJaw5/6/rr08llzMoFV1TWI=">AAAB+HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGBEuiFpZo5COBC9lb5rgNex/Z3TPBC//AVms7Y+u/sfSfuOAVAr7qzbw3mZnnJYIrbdtfVmFtfWNzq7hd2tnd2z8oHx61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98PdM7jygVj6MHPUnQDeko4j5nVJvW/U1tUK7YVXsOskqcnFQgR3NQ/u4PY5aGGGkmqFI9x060m1GpORM4LfVThQllYzrCnqERDVG52fzSKTnzY0l0gGRe//VmNFRqEnrGE1IdqGVt1vxP66Xav3QzHiWpxogZi9H8VBAdk9nDZMglMi0mhlAmubmSsIBKyrSJZWGLMu8EOJyWTCbOcgKrpH1Rdeyqc1erNK7ydIpwAqdwDg7UoQG30IQWMPDhGV7g1Xqy3qx36+PXWrDymWNYgPX5A6I8k3Q=</latexit>
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Small instanton in D8 worldvolume (Higgs branch) becomes a D4 
brane that can detach and move in the internal space (Coulomb 

branch)

SUSY/string theory predicts Coulomb branch of ranks 0,1
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Now we come to the first key point in the talk:

Due to the Bekenstein bound,  the Coulomb branch has 
to be compact.

Bekenstein bound: A localized object of dimension 
p has less entropy per unit volume that a black brane 

with the same area.

(doesn't work for p>d-3 due to objects not being localized, 
large backreaction)

A noncompact internal degree of freedom produces 
infinitely many states of arbitrarily low energy, e.g.

 (�) = exp(ik�), E =
k2

2
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This statement is general — any internal d.o.f of an 
object is compact in consistent QG. 

For instance, a probe D3 “sees” a compact CY, etc.

And the reason really is Bekenstein's bound, since it 
doesn't apply to scalars that take the brane out of the 

box:

Brane position moduli are noncompact

Higgs branch is noncompact



Now for the second ingredient: The CB is not only compact, 
but also connected



Now for the second ingredient: The CB is not only compact, 
but also connected

This follows from N=2 SUSY + cobordism conjecture/ no GS.



Now for the second ingredient: The CB is not only compact, 
but also connected

This follows from N=2 SUSY + cobordism conjecture/ no GS.

No GS tells us that any two points in moduli space of the 
probe brane are connected (possibly via a massive path)



Now for the second ingredient: The CB is not only compact, 
but also connected

This follows from N=2 SUSY + cobordism conjecture/ no GS.

No GS tells us that any two points in moduli space of the 
probe brane are connected (possibly via a massive path)

And with this amount of SUSY, the only way a field can 
become massive is by coupling to hypermultiplets (so on a 
Higgs branch).  So it cannot happen if we do not make the 

instanton fat.



For concreteness, I will focus on 9d during the rest of the talk.
(but we have similar results in 8d and 7d)

The CB is compact, connected, and (real) 1-
dimensional.

So its either orS1
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The CB is compact, connected, and (real) 1-
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For concreteness, I will focus on 9d during the rest of the talk.
(but we have similar results in 8d and 7d)

The CB is compact, connected, and (real) 1-
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For concreteness, I will focus on 9d during the rest of the talk.
(but we have similar results in 8d and 7d)

The CB is compact, connected, and (real) 1-
dimensional.

So its either orS1
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S1/Z2
<latexit sha1_base64="rxFEI3fTnzJd81YFC/8fjS35vTE=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiKkmFBGMFC2MR9CHaEDnuTWvVech2KlVRfoBvYIWZDbHyF4z8CU7JQFvOdO4958rHx4s5k8qyvozSyura+kZ5s7K1vbO7Z+4ftGWUCAotGvFIdD0igbMQWoopDt1YAAk8Dh1vfJ3rnQkIyaLwXk1jcAIyDJnPKFF65Zrm3aN91g+IGnle+pC5ddesWjVrBrxM7IJUUYGma373BxFNAggV5UTKnm3FykmJUIxyyCr9REJM6JgMoadpSAKQTjpLnuETPxJYjQDP5r/elARSTgNPe/J0clHLl/9pvUT5l07KwjhREFJt0ZqfcKwinBeAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGGQV3Ym92MAyaddrtlWzb8+rjauinTI6QsfoFNnoAjXQDWqiFqJogp7RC3o1now34934+LWWjOLmEM3B+PwBmOKZdw==</latexit><latexit sha1_base64="rxFEI3fTnzJd81YFC/8fjS35vTE=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiKkmFBGMFC2MR9CHaEDnuTWvVech2KlVRfoBvYIWZDbHyF4z8CU7JQFvOdO4958rHx4s5k8qyvozSyura+kZ5s7K1vbO7Z+4ftGWUCAotGvFIdD0igbMQWoopDt1YAAk8Dh1vfJ3rnQkIyaLwXk1jcAIyDJnPKFF65Zrm3aN91g+IGnle+pC5ddesWjVrBrxM7IJUUYGma373BxFNAggV5UTKnm3FykmJUIxyyCr9REJM6JgMoadpSAKQTjpLnuETPxJYjQDP5r/elARSTgNPe/J0clHLl/9pvUT5l07KwjhREFJt0ZqfcKwinBeAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGGQV3Ym92MAyaddrtlWzb8+rjauinTI6QsfoFNnoAjXQDWqiFqJogp7RC3o1now34934+LWWjOLmEM3B+PwBmOKZdw==</latexit><latexit sha1_base64="rxFEI3fTnzJd81YFC/8fjS35vTE=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiKkmFBGMFC2MR9CHaEDnuTWvVech2KlVRfoBvYIWZDbHyF4z8CU7JQFvOdO4958rHx4s5k8qyvozSyura+kZ5s7K1vbO7Z+4ftGWUCAotGvFIdD0igbMQWoopDt1YAAk8Dh1vfJ3rnQkIyaLwXk1jcAIyDJnPKFF65Zrm3aN91g+IGnle+pC5ddesWjVrBrxM7IJUUYGma373BxFNAggV5UTKnm3FykmJUIxyyCr9REJM6JgMoadpSAKQTjpLnuETPxJYjQDP5r/elARSTgNPe/J0clHLl/9pvUT5l07KwjhREFJt0ZqfcKwinBeAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGGQV3Ym92MAyaddrtlWzb8+rjauinTI6QsfoFNnoAjXQDWqiFqJogp7RC3o1now34934+LWWjOLmEM3B+PwBmOKZdw==</latexit><latexit sha1_base64="rxFEI3fTnzJd81YFC/8fjS35vTE=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiKkmFBGMFC2MR9CHaEDnuTWvVech2KlVRfoBvYIWZDbHyF4z8CU7JQFvOdO4958rHx4s5k8qyvozSyura+kZ5s7K1vbO7Z+4ftGWUCAotGvFIdD0igbMQWoopDt1YAAk8Dh1vfJ3rnQkIyaLwXk1jcAIyDJnPKFF65Zrm3aN91g+IGnle+pC5ddesWjVrBrxM7IJUUYGma373BxFNAggV5UTKnm3FykmJUIxyyCr9REJM6JgMoadpSAKQTjpLnuETPxJYjQDP5r/elARSTgNPe/J0clHLl/9pvUT5l07KwjhREFJt0ZqfcKwinBeAB0wAVXyqCaGC6ZSYjoggVOma5l6R+jsjGGQV3Ym92MAyaddrtlWzb8+rjauinTI6QsfoFNnoAjXQDWqiFqJogp7RC3o1now34934+LWWjOLmEM3B+PwBmOKZdw==</latexit>

(interval)

32 supercharges 16 supercharges

We can use the known  classification of rank 1 5d SCFTs 
and their local Coulomb branches to glue together all 

possible compact Coulomb branches.



Name free or CFT Symmetry Geometry Brane c/cA0

An(n = 0, · · · ) free su(n+ 1) R (n+ 1)D8 �(n+ 1)
Cn(n = 0, · · · ) free sp(n) R/Z2 O8+ + nD8 �(8 + n)
Dn(n = 0, · · · ) free spin(2n) R/Z2 O8� + nD8 8� n

En(n = 1, · · · , 8) CFT caption R/Z2 O8� + (n� 1)D8 9� n

Ẽ1 CFT u(1) R/Z2 O8� 8
E0 CFT ? R/Z2 O8(�9) 9

O8(�1) CFT ? R/Z2 O8(�1) 1
<latexit sha1_base64="CZgPfUkHwQ3z6+7MTxevo/5s7ro="></latexit><latexit sha1_base64="CZgPfUkHwQ3z6+7MTxevo/5s7ro="></latexit><latexit sha1_base64="CZgPfUkHwQ3z6+7MTxevo/5s7ro="></latexit><latexit sha1_base64="CZgPfUkHwQ3z6+7MTxevo/5s7ro="></latexit>

All probe branes match known string theory branes

There is a consistency condition that c (related to a 
worldvolume CS term) is single valued as we move around the 

Coulomb branch)
X

singus

csingu = 0

<latexit sha1_base64="946rB4P+S1rVzH2uDDTbMmrTqkU=">AAACHXicbVC7SgNBFJ31GeMramkzGAJWYVcEbYSgjWUE84BkWWYnd5Mhsw9m7oph2S/wI/wGW63txFYs/RMnMUUenurcc85l5h4/kUKjbX9bK6tr6xubha3i9s7u3n7p4LCp41RxaPBYxqrtMw1SRNBAgRLaiQIW+hJa/vBm7LceQGkRR/c4SsANWT8SgeAMjeSVKl2dhl7WRXjETIuon+o8p9ybEfIr2yuV7ao9AV0mzpSUyRR1r/TT7cU8DSFCLpnWHcdO0M2YQsEl5MVuqiFhfMj60DE0YiFoN5uck9NKECuKA6CTeTabsVDrUeibTMhwoBe9sfif10kxuHQzESUpQsRNxHhBKinGdNwK7QkFHOXIEMaVML+kfMAU42i6m3tFm3MG0MuLphNnsYFl0jyrOnbVuTsv166n7RTIMTkhp8QhF6RGbkmdNAgnT+SFvJI369l6tz6sz7/oijXdOSJzsL5+AZzSo9M=</latexit><latexit sha1_base64="946rB4P+S1rVzH2uDDTbMmrTqkU=">AAACHXicbVC7SgNBFJ31GeMramkzGAJWYVcEbYSgjWUE84BkWWYnd5Mhsw9m7oph2S/wI/wGW63txFYs/RMnMUUenurcc85l5h4/kUKjbX9bK6tr6xubha3i9s7u3n7p4LCp41RxaPBYxqrtMw1SRNBAgRLaiQIW+hJa/vBm7LceQGkRR/c4SsANWT8SgeAMjeSVKl2dhl7WRXjETIuon+o8p9ybEfIr2yuV7ao9AV0mzpSUyRR1r/TT7cU8DSFCLpnWHcdO0M2YQsEl5MVuqiFhfMj60DE0YiFoN5uck9NKECuKA6CTeTabsVDrUeibTMhwoBe9sfif10kxuHQzESUpQsRNxHhBKinGdNwK7QkFHOXIEMaVML+kfMAU42i6m3tFm3MG0MuLphNnsYFl0jyrOnbVuTsv166n7RTIMTkhp8QhF6RGbkmdNAgnT+SFvJI369l6tz6sz7/oijXdOSJzsL5+AZzSo9M=</latexit><latexit sha1_base64="946rB4P+S1rVzH2uDDTbMmrTqkU=">AAACHXicbVC7SgNBFJ31GeMramkzGAJWYVcEbYSgjWUE84BkWWYnd5Mhsw9m7oph2S/wI/wGW63txFYs/RMnMUUenurcc85l5h4/kUKjbX9bK6tr6xubha3i9s7u3n7p4LCp41RxaPBYxqrtMw1SRNBAgRLaiQIW+hJa/vBm7LceQGkRR/c4SsANWT8SgeAMjeSVKl2dhl7WRXjETIuon+o8p9ybEfIr2yuV7ao9AV0mzpSUyRR1r/TT7cU8DSFCLpnWHcdO0M2YQsEl5MVuqiFhfMj60DE0YiFoN5uck9NKECuKA6CTeTabsVDrUeibTMhwoBe9sfif10kxuHQzESUpQsRNxHhBKinGdNwK7QkFHOXIEMaVML+kfMAU42i6m3tFm3MG0MuLphNnsYFl0jyrOnbVuTsv166n7RTIMTkhp8QhF6RGbkmdNAgnT+SFvJI369l6tz6sz7/oijXdOSJzsL5+AZzSo9M=</latexit><latexit sha1_base64="946rB4P+S1rVzH2uDDTbMmrTqkU=">AAACHXicbVC7SgNBFJ31GeMramkzGAJWYVcEbYSgjWUE84BkWWYnd5Mhsw9m7oph2S/wI/wGW63txFYs/RMnMUUenurcc85l5h4/kUKjbX9bK6tr6xubha3i9s7u3n7p4LCp41RxaPBYxqrtMw1SRNBAgRLaiQIW+hJa/vBm7LceQGkRR/c4SsANWT8SgeAMjeSVKl2dhl7WRXjETIuon+o8p9ybEfIr2yuV7ao9AV0mzpSUyRR1r/TT7cU8DSFCLpnWHcdO0M2YQsEl5MVuqiFhfMj60DE0YiFoN5uck9NKECuKA6CTeTabsVDrUeibTMhwoBe9sfif10kxuHQzESUpQsRNxHhBKinGdNwK7QkFHOXIEMaVML+kfMAU42i6m3tFm3MG0MuLphNnsYFl0jyrOnbVuTsv166n7RTIMTkhp8QhF6RGbkmdNAgnT+SFvJI369l6tz6sz7/oijXdOSJzsL5+AZzSo9M=</latexit>

This is essentially the same info as a D8-brane tadpole!
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Since we have recovered from the bottom-up the topology of 
the internal space

its geometry

and something like the D8 brane tadpole,

We can argue that the existing ST constructions are 
universal.

In particular, there is no way to cancel the tadpole 
supersymmetrically with Sp(n) group

but one can do it either in a noncompact setup, or 
nonsupersymmetrically (Sugimoto string)



Reproduces results of [Font et al’ 20], see also Timo’s talk



In 8d, we can argue the Coulomb branch is an elliptically 
fibered K3

In 7d, we can argue that the CB is a compact hyperkahler 
manifold, so T4 or K3

but we do not have a classification of 3d N=4 theories

(we do not have 7d string lamppost, but we are close!)



TO WRAP UP

As a further direction, its natural to wonder
if low codimension probes
can take you any further

To find out the answer you won't have to work: 
it is the main subject in Irene’s next talk

My time’s up now, thanks for your attention,
I will just stop and see if there's any questions.

In short we have seen how compactness and connection
allows Swampland to match the ST expectation.

The brane probe idea, correctly applied,
allows the SLP to be fully realized.



Thank you!

Dankeschön!


