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Cosmic axion Background (CaB)

CaB: relativistic species
of axions in Universe

CaB sources 3

- Thermal production
- Decay of cosmic string
- Dark matter decay

No dedicated CaB search was performed ever
— Plenty possibility of discovery of nhew physics

103 Dror, Murayama, Rodd, Phys. Rev. D 103, 115004
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CaB 1s broad

y — aa signhal |

IS narrowest signal
but still it 1s O(10) MHz
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Broadband signal in standard analysis

ADMX doesn’t monitor absolute power level
— Only sensitive to signhals much narrower than the digitization window

DM axion case
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Standard analysis completely level off the CaB signal
— Need new analysis technigue (or new absolute power detector)



Equation of Motion

maxwell's equation Including axion
V-E=p V:-E=p-g, B Va
V-B=0 V-B=0
VXE=-0B VXE=-0B
VXB=0k+J VXxB=0E+J+g,Bda—-EXxVa)

g.,B-Vais a key to explore CaB



Anisotropy

Production mechanism of CaB:
- Thermal production

- Decay of cosmic string

- X -=> aa where X Is dark matter

- X > OO -> gaaa at anywhere

- X -> ®® -> aaaa from galaxy g
anisotropic T AB000
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Anisotropic signals varies sighal amplitude
as the Earth rotate (detector fixed on ground)



Daily modulation
ET Q 10 e a=1/2: Signal maximized

—Dally modulation

Monitoring relative power
level is enough to detect CaB
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CaB power at ADMX 8

CaB case (differential power) c.f. dark matter axion at ADMX

dw * 8Q((w — wo)? + (wo/2Q)?) w? % B \2/C
' Paion = 7.7 x 1075 W<136f> (7 5 T) (o_4>

| QMY () / dz2d¢D, (—2) K (w, a) ' |
“(o%6) (oascovres) (o) (so0)
1 ) 0.36) \0.45 GeV/cc/ \1 GHz/ \ 80000

| QQEG(w)/dZCMK(cQ, a) | .
. . ‘sin(wLcosa)  Jo(wRsina) 7
K —
Source of daily modulation (w, ) wLcosa 1— (wRsina/jo)?




Power Excess Modulation (PEM)
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JPA gain varies to get highest SNR

~ P(t)/Gipa(t) — (P(t)/Gipa(t)) b
PR = (05(8)/Crrn (1)) ’“T\/;

PEM clears JPA fluctuations
— petter sensitivity to the
modulation signals
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Reanalyze run1C-partl dataset with special selection for CaB search

Discard 950-1020 MHz where JPA gain significantly fluctuates



Uncertainties

Four sources of uncertainties:

1. Standard haloscope uncertainties (Q, 3, SNRI, T, /e, B°VC)

2. Short timescale (about 5 minutes) fluctuation
3. Dally fluctuation

4. Uncertainty on K(w, o)
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1. Standard Uncertainties on ADMX

TABLE II. Summary of uncertainties associated with the
observed power.

_ Source Fractional uncertainty on P,
We Jjust use the same Cavity O factor o
uncertainties related to Antenna coupling 2%
| JPA SNRI 0.8%
the axion halo scope Tofi/ € 4.3%
B*VC 3%

Total 6%




2. Daily power fluctuation

Recelver chain:

Digitizer + HFET amps + cables

IS not pertectly stable

ex.) temperature change, vibration:--

Dedicated 1-week power monitoring
performed to extract potential
uncertainty

Estimated as 2.8%
(nhot the dominant uncertainty)
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3. Short timescale fluctuation

Residual JPA gain fluctuation
IS the dominant uncertainty
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4. Uncertainty on K(w, a)

Assuming E - B = 1

rods rods
(f~780 MHZz) (f~1 GHZz)

empty

K(w, o) i1s determined each timestamp, assuming vacant cylinder without rod for simplicity

We estimated how K(w, a) changes by the existence of the tuning rod ~ 30% uncertainty
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Result

1078 ¢
Best sensitivity ~ 2e-9 [/GeV] : ?
at lower mass -
(due to kinematics) ‘T> 1079
3 _
CAST bound is strong = 10
S

but ADMX did good job

There might be able to get 10~

Cie : -/ADMX (this work) Proj. (Abs. Power, R=L)
better S@ﬂSlthlty by a few "~ —— Proj. (Abs. Power) - — Proj. (Abs. Power, 10 mK)
Improvemen '

provements 0 20 10 60



Future prospects

Abs. Power:

Absolute power measurement 107°
evades broadband signhal issue
T 1079
5 S =
0,
o 11~ / g 10—10
)
10
background _
E— | 10_11 :_

Frequency qubit~
single photon counter

Please check Shion Chen’s poster
about U Tokyo activity related to qubits

— — Proj. (Abs. Power)
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Future prospects

Pancake-like cavity greatly 10_8;
enhances signal parallel to |
the cavity z-axis = |
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Future prospects

10 mK: Superconducting qubits
are cool

Achievable lower noise

08¢

— — Proj. (Abs. Power)
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— — Proj. (Abs. Power, 10 mK)
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Summary

- The first direct CaB search with the ADMX dataset

- Achieved by the new analysis to search daily modulation signals
— Any dally modulation signal can be detected by this analysis

- No signal found but limit on g, In a particular CaB model

— Further improvements might open searches for
deeper parameter space

APS/123-QED, CERN-TH-2023-041
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Backup
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V a makes Daily modulation

V:-E=p—-g,B-Va B-Va~B-Kk

The effective charge density will be changed by axion spatial gradients
~ Inner product of magnetic field and momentum changed effective charge

axion induced electric field becomes like this
(V2 - 07 )E, = gaWBoé’fa — gav~(Bo - V)Va

sighal power

signal Is proportion to

z—(h-2)h  where By = Bz k = wn

It It 1Is TM modes, signal i1s proportion to

sin” o, where v = arccos(n - z) 0.5 day



Why we need cascade decay?

Simplest case

y 1S any dark matter

assuming having coupling
only with axions

— y decays too fast by

Bose enhancement
(iInterference with environmental
axions and the diagram)

Cascade decay

P
-~ ~.

Cascade decay can evade

the problem.
(y decay rate Is Independent

with the existence of
environmental axions)
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