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The axion from hell 2™ =~ “7% or purgatory ...
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The axion from hell

1014 101 1012 10! 1019 10° 108 107 10° 10° 10* 1C

107 10° 10 10 103 102 107! 1 10 102 10 1
m,eV]
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RATOMIC TRANSITIONS ..

Sikivie PRL 2014

13 13

10 v (HZ)

R A

SN1987a :
Lol vvromd vl lsll[[ul

107 m,(eV) 10°° 107 102 m,(eV)
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7, = 6.8 x 10%**
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LlONG RANGe FORGeS .. SCALAR-SPiN

PQ Axion f; in GeV Arvanitaki PRL 2014

10° 100 10" 102
1074 — —_——— ——

Experimental Bounds
10—271 !
Astrophysical and Experimental Bounds

10 0.01 0.1 1 10
Force Rane in cm
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LONG RANGE FORGES .. SPIN-SPIN (P~P)

PQ Axion f, in GeV Arvanitaki PRL 2014
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Experimental Bounds

1071 Astrophysical Bounds !
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LONG RANGe FORGES .. STPIN-SPIN (e~P)
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PQ Axion f, in GeV Arvanitaki PRL 2014

[ 10" 10" 10"
Astrophysical Bounds
10721 : _ T,=1 sec i'
Setup in this paper
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Crescini 1606.04751

gpgs/hc
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Barbieri 1606.02201

Microwave .
Detector > Photon counting rate

Microwave cavity

Magnetized sample

R, =

a

_ 2 V. ng Tmi
= 5. 1 3 Mg 8 min Hz.
5.0 x10 (2 -10-4 eV) (1 liter) (1028/m3) (10‘63) ‘

Scannig rate... 200 MHz/year

v BirngV, =

B | =

Magnetic field

o loh &
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CAVITY HALOSGOPeS

- Haloscope (Sikivie 83) Sikivie 83

Tn
P ~ Q|E.)*(Vm,)Gk  (oN ReSONRNCe)

- Naive ADMX scaling (e.g.an ADMX every octave)

1

. -3
"'3“3“7\'- (Vocma ) Poutmvmaf\“m
-~ NOiSe Proise = Tays Avg o m,

S Py,
- SioN/NoiSe IN Avg OF TMe T, - = 5 —V/Aval

1 dAm, wa
X
m, dt m/

a

- GGANNING RATe
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CAVITY HALOSGOPeS

- ADMX (7001) 0=10°, 8T, 100mK,
SQUID, 3 years, 2 chan.

-GeN 2 (RDMXHF, X3, GULTASK)
(SGALeD) Q=10°, 20 T, SaL, 3v,2 GH

-GeN 3 (GULTASK?) z

v

(6XSCRLeD) @=10°, 40 T, 8L, 3,2 CH

- One should not give up on Volume!

Tuesday 6 December 16
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MADMAX

- maybe with a larger volume ...

TTTTTTTTTTTT T e,
EEE

Millar 2016
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Mirror Dielectric Dis
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Receiver

See talks of Millar and Majorovits
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Dark matter

- 0(t, x) relaxes to its minimum, overshoots and oscillates

Energy‘ —> generated by QCD!
time
< V>| 0(t) = 0y cos(mgt)

S g mfluence of
|n|t|al condltlons» —
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Borsanyi et al, Nature 539 (2016)

- Homogeneous initial condition  9(¢y, z) = 6;
- Equations of motion
0+ 3HO + m2(T)sinbh = 0

Universe Expansion rate 0D m:f7 = x
10° : me —
10° | T
2 p2 | N
AU S N
104} N , "
% 106 \\\'OO 50 200 250
10°® N
L S N
‘ : : ; 1070 | :
10° 10’ 10° 10° 10* 10° 10-12 : . ‘ : \‘l‘.
100 200 500 1000 2000
SM model only plasma H = 1/2t oc /g(T)T" TMeV]
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Qpyh? =Q,h% =0.12

- Absolute uncertainty, any mass has an o, 42 — 0.1262 (

fa [GEV]
102 10"® 10" 10" 10" 10" 10" 10" 10" 10'° 10°

6.4,ueV) AT

Maq

10° 4
101 | pre-inflation
9 | initial angle
I 402

l

10° 10° 10% 10° 10% 10" 10° 10" 10° 10°
mp [weV]
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DM in SCENARIO A

v, (GHz]
1 10 102
3 | I P ' 1111 | | EERR
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SCENARIO B

-NO IC UNCERTAINTY 0.2 — 7.9 x 104 (100 MGV) RSVIERY

Mg gr3s

M from numerical simulations with “random” initial conditions

9 12 V20 + 3HO + m?2(T) sinf = 0 Average over initial conditions

R - "

0 ¢ = ¢1 +ido = |p|e”

6= Vo0 +3HO+ Al — [2) = X =0
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SCENARIO B

- 1
<b——V2¢+3H¢+A¢¢(I¢I2—f3)—EXZO fa=v=19

- ___ I e = = L_ﬂ}_\
*; ADM units  3H(t1) = ma(T(t1)), »
|

0(1) Conformal tim _JE_E_ & f

(1) Confo me 7= ty Ry R(t)’ {

0(1) Coordinates ¢ = Ry Hz, j‘
! 0(1) Scaled field @ = °, 5
r' a2 ."
‘ quartic A\ = ’\IZ’; , 1060 '&
, : “
,,—;--—_4‘»‘;’ T e e — - = —ﬁ'

O, — Vi® + AD(|®[* — 7°) — 97" = 0.
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Order parameter

Tuesday 6 December 16



SCENARIO A

MY ~ FiRST ReSULTS

eXTRAPOLATED

MiSALIGNMeNT
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9TATe OF Tre ART

-Split... Q0% = (Q.h7)

2
0; + Qa,sth

28(2) eV ) 1-165

Mg

(Q.h?)g, = 0.12 (

Energy in string network »s ~ -> axions

radiated axion spectrum
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SCENARIO A

- Spectrum IS red Hiramatsu et al, PRD85 (2012)
— 0-01 | 1 | 1 ] L p
3 : k=0.40 (14 =7.007) - ]
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a° ; k=0.30 (1g=10.251) - = |
= py |
g * % { ]_ ]_
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SCENARIO A

SeKicuCdi (HU-GTPU SAPPORY SUMMER. iNSTITuTe) 2016

2 T T
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| | previous simulations
< |
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Dark matter density, inhomogeneous at comoving mpc scales

J, STADLeR. (MTH) 2016

minicluster seed!
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density contrast

’5” + l)

j(ﬁ >

1.0

0.8}

0.0

J, STADLER. (MTH) 20(6

0.6
0.4

0.2

Sr

1 ¢ 1

——— = = 2.5 (initial)

> = 8.0 (WBK)

----- n = 1 (Kolb & Tkachev) -

n=4 ll\.l b & Tkac ll(‘\':]

S -
N
-~
~
-~
~
- -~
- e j --------- | OSSOV R ———
: 6 8 10

density contrast +1

30% ~ 70% 1111



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

- Controlled Relaxation to DM (lots of radiation)

- Evolve M(Cs gravitationally (coll. with Niemeyer’s group)
- MC/diffuse ratio?

- MC mass/radius distribution

- Astrophysical implications anew
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