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⇠ 100µeV

Tuesday 6 December 16



The axion from hell ?
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The axion from hell ? or purgatory ... ?
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Atomic transitions ... 
Sikivie PRL 2014
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Axion DM decay
Blout AJ 2001

Axion band
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Spectroscopy of compact stars
Chelouche ApJ 2008
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long range forces ...   scalar-spin

meV 100µeV

Arvanitaki PRL 2014
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long range forces ...  SPIN-spin (p-p)

meV 100µeV

Arvanitaki PRL 2014
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long range forces ...  SPIN-spin (e-p)

meV 100µeV

Arvanitaki PRL 2014
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QUAX gngp ... scalar-spin

100µeV

Crescini 1606.04751
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QUAX 
Axion DM wind excites hybrid magnetisation-RF mode

Photon counting rate

Scannig rate... 200 MHz/year

Barbieri 1606.02201
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(on resonance)

- Haloscope (Sikivie 83) 
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Cavity Haloscopes  
Sikivie 83
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Cavity Haloscopes  

- ADMX (700l) Q=105, 8T, 100mK, 
SQUID, 3 years, 2 chan.

- Gen 2 (ADMXHF, X3, CULTASK)
(scaled) Q=106, 20 T, SQL, 3y,2 ch

- Gen 3 (CULTASK?)
(6xscaled) Q=106, 40 T, SQL, 3y,2 ch

- One should not give up on Volume!

Borsanyi 2016
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MADMAX 
Millar 2016

See talks of Millar and Majorovits

- maybe with a larger volume ...
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why ⇠ 100µeV??

Tuesday 6 December 16



-               relaxes to its minimum, overshoots and oscillates

Dark matter

0 ⇡�⇡

time

Coherent oscillations
=

Dark Matter Axions 

Energy
✓(t,x)

generated by QCD!

✓(t) = ✓0 cos(mat)

Strong influence of 
initial conditions...

⌦a,CDM
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�⇡

✓

⇡
DM in SCENARIO A

our Universe

One misalignment angle singled out
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�⇡

✓

⇡
DM in SCENARIO A

our Universe

One misalignment angle singled out
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- Homogeneous initial condition 
✓(t0, x) = ✓I

- Equations of motion

QCDUniverse Expansion rate

SM model only plasma

Borsanyi et al, Nature 539 (2016)
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DM in SCENARIO A
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- Absolute uncertainty, any mass has an 

DM in SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

✓I

⌦ah
2 = 0.12 ✓2I

✓
6.4µeV

ma

◆1.17
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DM in SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12
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SCENARIO B

- NO IC UNCERTAINTY ⌦ch
2 = 7.9⇥ 10�4

✓
100µeV

ma

◆1.33 p
g73⇤
g73S

M

Average over initial conditions

M from numerical simulations with “random” initial conditions 

But ... cosmic strings!!!!!
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�̈� 1

R2
r2�+ 3H�̇+ ���(|�|2 � f2

a )�
1

fa
� = 0

SCENARIO B

ADM units

O(1) Conformal time

O(1) Coordinates

O(1) Scaled field

quartic

fa = v = |�|

⇠ 1060

⇠ 1p
�⌧

CORE radius
|�| ⇠ 0
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✓
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SCENARIO B
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Strings
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Order parameter

SSB

core
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SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

⌧

misalignment

extrapolated

M

My ~ First results
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State of the art
- Split ...

h⌦ch
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✓
28(2)µeV

ma

◆1.165

Energy in string network                                      -> axions
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SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

- Spectrum is red Hiramatsu et al, PRD85 (2012)
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SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

Sekiguchi (HU-CTPU Sapporo summer institute) 2016
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Dark matter density, inhomogeneous at comoving mpc scales

minicluster seed!

J. Stadler (Mth) 2016
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first analysis

density contrast

fra
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density contrast +1

J. Stadler (Mth) 2016

30% - 70% !!!!
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yet to come

- More extensive simulations
- Get the abundance from simulations (controlled extrapolation)

- Controlled Relaxation to DM (lots of radiation)
- Evolve MCs gravitationally (coll. with Niemeyer’s group)
- MC/diffuse ratio?
- MC mass/radius distribution
- Astrophysical implications anew
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the axion from hell is not that bad after all...

and he needs somebody to hug and caress him!
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