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Detection of Gravitational Waves
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Detection of Gravitational Waves
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High Frequency Gravitational Wave



High Frequency Gravitational Waves

» Stochastic Gravitational Wave Background
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High Frequency Gravitational Waves

» Stochastic Gravitational Wave Background
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» High frequency = Early universe
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High Frequency Gravitational Waves

» Stochastic Gravitational Wave Background

» High frequency = Early universe
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High Frequency Gravitational Waves

= _ocalized Sources

* PBH binaries / exotic compact objects

f ~ 220 MHz (

= Larger signals expected
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High Frequency Gravitational Waves
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Key ldea
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Key ldea

Frequency
" kHz MHz GHz
10” T : - - |
I ADMX-SLIC
10" |- SHAFT— . ABRACADABRA / .
S0 =
= L DMRadio-50L
3 105} DMRadio-m?
G W & 10) DMRadio-GUT_ ]

Bind /

Sung Mook Lee (Yonsei) PPC 2023 f [MHz] 18




Key ldea
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Axion Experiment Zoo
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Axion Experiment Zoo
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EM-HFGW Program
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Detection of GW
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Electromagnetism in Curved Spacetime
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Note on Frame

«TT frame .7 = (hTel(dn,0h) + h* e (dn, On))e T

» Coordinates fixed by geodesic of freely falling test masses

= GW takes the simple form 4, = 0, h;ﬁ = 0, ajhij — 0

= Detector (rigid body) looks oscillating in presence of GWs
— makes the experimental setup & observables obscure

A



Note on Frame

* Proper detector frame
» Coordinates fixed by laboratory frame

= More involved form

hoo = w?e “PF(k - 1) roim Z el (k),
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= Description of the experimental setup and observables is straightforward



Note on Frame

* Proper detector frame

» Coordinates fixed by laboratory frame

: 2712
= More involved form O(w=L")
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= Strategy
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Axion Detectors as GW Detectors

= Strategy

(I)Axion (ga’y"y) — (I)GW(h—I-,X : Qha @h)
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Axion Detectors as GW Detectors

= Strategy

(I)Axion (ga’y"y) — (I)GW(h—I-,X : Qha @h)

= AXion detector is not optimized for GW signals Q_l ~ %

= Coherence Ratio Factor
Qq

1/4
R, = (@> (persistent signal) /\/\/\/\ /\/V\/\/



Example: Solenoidal Geometry

* For single pickup loop
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Example: Solenoidal Geometry
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Example: Solenoidal Geometry

* For single pickup loop
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Example: Solenoidal Geometry

* For single pickup loop

—wt
Pow = 6144 ouZler(?)OR2 — 137“2) sin 0, (h™ cos 0, sin ¢, + h™ cos o) + (’)[(wL)S]
leading order angular dependence
0 S
= Toroidal loop (¢, integration) : ®qw 01 = O(w?) \ """""

This cancellation always happens for cylindrically symmetric axion detectors
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Different Geometries

'ﬁ’
e, éfl) ép
e e
(Sol) f NG
N S N— o
B
€
(Toro)




Different Geometries

» _eading Orders

ﬁ’
e, €y e,
e, h,, even : O[(wL)?] hy, odd : O[(wL)?] h,, odd : O[(wL)?]
5 (Sol) off-center: O[(wL)?]
ey hy, odd : O[(wL)3] | hy, even : O[(wLY*] | h, even : O[(wL)*]
(Toro) off-center: O[(wL)]

» Optimal axion detection forbids optimal GW detection

41
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Result: Reinterpreting Axion Detectors
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Result: Reinterpreting Axion Detectors

[Domcke, Carcia-Cely, SML, Rodd ‘23]
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Future Prospects

« \WISPLC * DMRadio Proposal
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Future Prospects
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Conclusion

» Detection of HFGW is a smoking gun of BSM
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Conclusion

» Detection of HFGW is a smoking gun of BSM
* new opportunities, interesting theoretical questions, and experimental challenges.

» \We can use and reinterpret the results of axion haloscope experiments
to observe/constrain high-frequency GWs (above 100 kHz).
= Current: ADMX-SLIC, BASE, ABRACADABRA, ...
» Future: DMRadio, WISPLC, ...

» Symmetry Is always good for theory, but sometimes bad for experiments.
* Need to break cylindrical symmetry
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Axion/Scalar Electrodynamics

angu — 8V(9<,0')/799F(I)/H) — 9@’3”}’(81/90)}7’(1)/# — gtpf}f’y@jua
O, F! = 0, (garnaFp ™) = gay~ (0pa) Fy ",

V- Ey = —goyE - Vo — guyypp,

V- -E, =—-¢4s«B-Va,
V xB, = atEt,o — QW’Y(V‘P) X B+ va(at@)E — gSO’Y'Y(IOja
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Axion/Scalar Electrodynamics

Solenoid: By o< e,

Toroid: By o< e,

& o b scalar axion (ABRA)

| ®,=0,P,#0 ¢, #0, P, =0
I, axion (BASE) scalar

Pl B, A0, D, =0 | =0, D, #£0
PV scalar axion

19, =0,P,=0 ¢, =0,P,=0
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Benchmark Signals

I m
= Superradiance PBH
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Benchmark Signals

(Bl) Th =1 = 158, Qn = futn
(B2) T) > Ty, Qn = 10"

Qr T, f* RgBl) RgB:Z)
ADMX SLIC [16] 3 x 10° 320 50 MHz 1.6 0.1
BASE [17] 4 x 10* 1 min 0.7 MHz 3.0 0.39
WISPLC [19] 10* 1 min (30 kHz, 5 MHz) (6.7, 1.9)  (0.86, 0.24)

DMRadio [21] 2 x 10” (8mins, 60ns) (100kHz, 30 MHz) (787, 1)  (0.18, 1)
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Coherence Ratio Factor

» Persistent signal and a long interrogation time

o _ |Qa (max[Qh, QT}YM ( ! )1/4
© Qn maX[Qaa Q’P:| max[l, Il’liIl[Qa, Qr]/@h]

(Qa/Qr)Y?  Qu < Qn < Qr,
— ( ?L/QTQh)l/4 Qa < Qr < Qh,
(Qa/@h)1/4 otherwise.

* Transient signal of equal duration and coherence time

R. = Ta Ty ( Tm,a ) L/4

Tonp, min|[Ty, p, 7] \ max|7,, 7]




Selection Rules of Cylindrical Detector

Selection Rule 1: For an instrument with azimuthal symmetry, ®;, o< h™ at O[(wL)?].10

Selection Rule 2: For an instrument with azimuthal symmetry, the flux is proportional
to either ™ or h*, but not both. This holds to all orders in (wL).!”

d~h*w3L°

Selection Rule 3: For an instrument with full cylindrical symmetry, ®; will contain

only even or odd powers of w.
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