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'1'he Cosmic Axion Background @

Can we detect relativistic axions that
are a relic of the early Universe with
axion haloscopes?
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Relativistic axion

frequency

[Dror, NLR, Murayama 2021]
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[Landscape

102k CaB Landscape
101; m, < 1 neV
Parametric resonance

produces a ~Gaussian
spectrum

Cosmic string network will emit axions
(exact spectrum an active debate, we
follow [Gorghetto+ 2020])
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[Landscape

Classical wave descrlptlon applles
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Rough Sensitivity @
a(t) ~ Z cos(w;t + ¢;)

Sampled from frequency

Random phase

distribution p(w)
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Rough Sensitivity @
a(t) ~ Z cos(wit + ¢;)
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Rough Sensitivity
a(t) ~ Z cos(wit + ¢;)

CaB
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Rough Sensitivity
a(t) ~ Z cos(wit + ¢;)

Y2100 0 100 20 30 40 50
(w —my) x 10° neV] Much broader signal -
existing searches would

throw out as background

CaB
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Rough Sensitivity @
a(t) ~ Z cos(wit + ¢;)

Accessible power in the axion field

2
_ TGar~Palla
Power spectral density - < Sgaa (w ) > — avz

measures power at a W
given frequency

Approximate p(w) ~ Q,/@®
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Rough Sensitivity @

Estimate sensitivity by matching power Py = P

2
(Soa () = ng_paQa

W
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Rough Sensitivity @

Estimate sensitivity by matching power Py = P

Single bin: (g}ﬁ;)zpDMQDM — (gCSL’])E/)fy)QIOaQCaB

Dark Matter sensitivity Star Emission sensitivity (e.g. CAST)

2
(S50 (@)) = ﬂgm_paQa

W
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Rough Sensitivity @

Estimate sensitivity by matching power Py = P

Single bin: (g};%)%ODMQDM — (QSEW)QIOGJQCQB

: 2
lim
9a
Allbins: pa = pPDM ( S’Q) \/ @D
ga/yfy QCaB

Lose: p, < ppm

Lose: Oc,z < Opum

2
(S50 (@)) = ﬂgm_paQa

W
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Rough Sensitivity

: 2
lim
o ga’yfy QDM
ga/yfy QCCLB

Parametric scaling confirmed by detailed

calculations for both resonant and
broadband instruments
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Experimental LLandscape
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Experimental LLandscape
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Future Directions
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Future Directions
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reach the thermal CaB?

For another late time production

mechanism see [Eby+ 2106.14893]

Nick Rodd | The Cosmic Axion Background [Drﬂr, NLR, Murayama 2021] 24



. céun))
Conclusion

Data collected by axion DM instruments is
sensitive to a cosmic axion background
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Motivation @

1 ~
LD —ZQQWWQ(FF)

Introduces corrections to Maxwell's equations

V-E=p—g,~B-Va
V-B=0

relativistic DM axions
V X E = —ﬁtB

V x B = (’9,5E—|—J _gcw’y(E X Va—B@ta)

Focus of axion
DM searches
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Motivation

1 ~
LD —Zgawa(FF)

[Salemi. NLR+ 2021]

— 95% U.L. [This Work]

ABRA 10 cm

. . ‘ — .
1/20 Containment ~ —— Run 1 [Ouellet et al., PRL 2019

|Gayy| [GeVT]
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Incomplete summary of the
landscape, partially based on

github.com/cajohare/AxionLimits
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Rough Sensitivity 2
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THE COSMIC AXION BACKGROUND

Daily Modulation =

Full Equations

V-E=p—gs~+B-Va

V-B=J0

VxE=-0B
VxB=0E+J - g4y (E X Va— 0,aB)
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THE COSMIC AXION BACKGROUND

Daily Modulation

Assume only large static B field

V-E=p—g4s~+B-Va
V-B=0

VxE=-0B
VxB=0hE+J+ gsy,0aB
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THE COSMIC AXION BACKGROUND

Daily Modulation =

Assume only large static B field

V-E=p—g,~B-Va

vV.-B=0 Effective Charge
VxE=-0B
VxB=0E+J+ gyy,0,aB
Effective Current
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THE COSMIC AXION BACKGROUND

Daily Modulation

Sensitive to the incident direction

B-Va=a(t)k-B
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THE COSMIC AXION BACKGROUND

Daily Modulation

Power deposited sensitive to o

CaB T . 4 2 2 Pa
P-%" = g Sin QA Gy Qa BoV C—

W
Daily modulation
in the signal!
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THE COSMIC AXION BACKGROUND

Bose Enhancement @

Relevant when f, > 1

272 N —4
fa = 7T3 dpazélxl()lo Qo) (Pa ~
w2 dw 1 Py 1 pueV

Large over the entire range we consider
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[Landscape

2t CaB Landscape
101; m, < 1 neV

Cosmic string spectrum depends on the symmetry breaking scale f, (here
105 GeV) and the exact distribution is an area of active debate

See [Gorghetto+ 2018, 2020], [Buschmann+ 2020], [Dine+ 2020]
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Parametric resonance
produces a ~Gaussian
spectrum
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THE COSMIC AXION BACKGROUND

Parametric Resonance

Oscillations when

2
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THE COSMIC AXION BACKGROUND

Dark Matter Decaying to Axions @

example 0 D) .
model V(@) =\ (‘(I)l —fg/Q) ®=(x+fa)e /f
T ] 2|
p—aa me 100 MeV 1, (ff@@?\N
Hy  \10 peV . “
b EX
5,,,,' \ 47be
/,,’ a
: ! irf,
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Y

Slide courtesy of Jeff Dror
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