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https://indico.cern.ch/event/1074510/

GW UHF: new experimental proposals

o Laser interferometers

o Optically levitated sensors

o Polarisation rotation

o Microwave resonant cavities
o GW magnon resonance

o Magnetic conversion: inverse Gertsenshtein effect
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Magnetic conversion of GWs in static magnetic field

Axion experiments and magnetic conversion
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MAGNETIC
CONVERSION?




Magnetic conversion: not a new idea

Electromagnetic waves (photons) can transform into gravitational
waves (gravitons) in the presence of a constant external magnetic
field, Gertsenshtein (1962), Lupanov (1967).

The reverse process g — y was considered by Mitskevich (1969),
Boccaletti, De Sabbata, Fortini and Gualdi (1970), Zel’dovich (1973)

etc.

For an extended region of a magnetic field in vacuum, there are
coherent oscillations of GW in EM and vice versa in complete analogy
with neutrino oscillations.
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Laboratory magnetic
conversion detection

m Examples of an experimental conceptual
design Prof. Mike Cruise

m Requirements: single photon detectors,
Ht aperture, field strength, cross section and
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Credit Mike Cruise Class. Quantum Grav. 29 (2012) 095003 (12pp)



Magnetic conversion (Inverse Gertsenshtein effect)

m Gravitational-wave propagating in magnetic fields convert into photons.
Gertsenshtein, Sov. Phys., JETP 14, 84 (1962), G. A. Lupanov JETP 25, 76 (1967)

Source Magnetic field Photon detector
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AXION EXPERIMENTS




Axion search using laboratory static magnetic fields

m Axions are generated in the magnetic field coupled to two photons.

m Axions, in the second region of the magnetic field, decay into photons.
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ALPS (Axion-Like Particle Search) DESY Germany

Gravitational wave

P —— X Magnet | B | Magnet EM generation

_ - E sgﬁrcte E!%' @)}{f_@)”)f ([ /|m==)| Detector
m Magnet provided form HERA particle  +--5-- . 1
accelerator working at liquid helium (4 K). optica
m Magnetic field: B=5T.
m Length: L=2%x4.3 m.
m Photodetector @ A = 532 nm PIXIS CCD.
Data acquisition 2009-2010.

Excluded detection @ 95% confidence
interval.
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OSQAR (Optical Search of QED, Axion and photon Regeneration)
CERN Switzerland

Gravitational wave

F----s :_ _____ IVI_ a;n_e': _____ : B | Magnet EM generation
I Light e SR
| source P ) | |G 10 Detector
—————— L T
= Magnets provided from spare LHC particle Optical
barrier

accelerator working @ superfluid helium (2 K).
= Magnetic field Field: B=9T.
= Magnet length: L = 14.3 m.
= Photodetector @ A = 532 nm.

- .,’;g".i\ \

= Data acquisition 2014-2015. | ST i e e
' # & &  Accelerating Science s Accelérateur de science s 9l
»

Excluded detection @ 95% confidence interval. ' .,_n_.
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CAST (CERN Axion Solar Telescope) CERN Switzerland

L=926m

X-ray detector

= Magnet provided from spare LHC particle
accelerator working @ superfluid helium (2 K).

= Magnetic field: B = 9 Tesla.
= Length: L = 9m.

= X-Ray detector @ A = 3 nm.
= Data acquisition 2013-2015.

= Excluded detection @ 95% confidence interval.
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GWs upper limits:

Detectors

m Cannot point deliberately to the emitting sources,
except CAST

m GWs upper limits at Ultra-High-Frequencies (UHF):
optical 5x10'* Hz and X-ray 1018 Hz

Suited sources?

m Requirements: stochastic, isotropic, stationary,
and Gaussian gravitational-waves.
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ALPS, OSQAR, CAST
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UHF GWS SOURCES



UHF GW sources: early universe

Primordial BH collisions and evaporations

« Cosmological energy density of the order of hoQaw (fpeak) = 1077

Phys.Rev.D 84 (2011) 024028
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UHF GW sources: thermal plasma in the sun

* Gravitational radiation emitted by
Coulomb collision in plasma

* Hydrogen plasma in the solar core

 Collision frequency 101> Hz

* Thermal collisions in the solar core
produce about 108 watts of
gravitational radiation
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UHF GW sources: BH-BH collisions in 5D gravity

Gouilion == 4-4Sn /e o — sy  Seahra and Clarkson have
>/ _— >/ calculated the GW emission in
7 commetes =T hl 5-D gravity when stellar mass

T | e _ PA— black holes fall into a black
, o hole.

/buw:".;;mm  The normal LF radiation from
v < such a system is emitted plus

I | an excitation of the brane

separation itself
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MAGNETIC CONVERSION
IN AXION EXPERIMENTS




GWSs propagating in static magnetic fields

S = [d*z/—gL

£:£gr+£em
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VZAY = 0,
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GWSs propagating in static magnetic fields

S = [d*z/—gL

L = Lgr + £em

(W + i)V (z,w, )T + M(2,w)¥(2,w,2) =0 V(z,w,2) = (hx,hy, Ay, A))T

Mg = kkB,/(w + k)
00 My, M, MY, = rkB,/(w+k)
0 0 MY, My g7
M(z,w) = iM;,y _Z'ngy’y M, Mcorp M, = -Il,./(w+k)
—iMg, —iMg,  Mcp M, M, = —Ily/(w+Fk)
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GWSs propagating in static magnetic fields

S = [d'z\/—gL

L = £gr + £em

(W + i)V (z,w, )T + M(2,w)¥(2,w,2) =0  V(z,w,2) = (hx,hy, Az, Ay)"

M?* = kkB,/(w+k
0 0 —ZMI Z% MQ’Y ~ /( )

M(Z,CU) = 0:1: ZM37 ZM:U ]\;’Y = ]I k
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GWSs propagating in static magnetic fields

S = [d*z/—gL

L = Lgr + £em

A , MZE sin(Azz) .
hy(z,w,2) = cos(A z) — M 8212( +?)| el WHMe/2)2 (0, w, 2) + —L SZ( )ez(“’+Mz/2)zAm(O,w,z),
i - : MZ sin(A,z) .
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24, A,
MZ sin(A,z) . M, Az .
Ax(z,w,,%) —  _ 79y Szl( Z) ei(w+M;/2)z Ry (O,w,z) [COS(A Z) 4+ 8211;( )] (WM /2)z Am(O,w,i),
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GWSs propagating in static magnetic fields

S = [d'z\/—gL

L= Lgr + £em

Mg, sin(Agzz) My sin(Azz)]
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GWSs propagating in static magnetic fields

S = [d*z/—gL
L = Lgr + £em
MZ sin(Agz) . .
Azx(z,w, 2) = 2l . A( )eZ<w+Mw/2>z hy (0,w, 2)
M?* sin(A,z) . .
Ay(z,w,2) = QVKA( 2 )67’(“’+M’~"/2)z hy(0,w, 2).
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GWSs propagating in static magnetic fields

.« EMWs flux: D, (2,t) = (|Es(2,8)°) + (| By (2,1)[?)
. ~ +w ~ .
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Parameters necessary to compute the characteristic amplitude
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UHF GW characteristic amplitude upper limits
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Primordial black hole evaporation and upper limits

d Sun
Py A 5.7% 10752 GeV? @ Earth

PBH evaporation: predicted stochastic isotropic UHF GWs
background

m Sun: thermal activity generates UHF GWs.

-20

w
o
— T T

Amplitude h¢
¢
(3]

S
]
T
I
p—
)
I
110}

|
I
I

~40F

CAR -45 I . . . 1 . L L 1 L L L L .
UNIVER 10 12 14 16 20

PRIFYS Frequency f [Hz]

(AFRDYY



CARDIFF
UNIVERSITY

PRIFYSGOL

(AERDYD

Strain [1/VHZ]

STRAIN UPPER LIMITS

F T T T T T T T T T T T T T T ¥

S """"" RS E0r.Phys. ;I'C'8O 2020 6‘545
SR — 075m rrrrrrrrrrr f ————— ys —————————————— (— —————————— )— ————— ANt S

RN A /7 R 7 A T | Magnetnc conversion [

e rrrrrrrrrr %—"Eur'Phys—~J—~G(—2019)—79~103—2 rrrrrrr " rrrrrrrr —
IR0 S . A S O S S N S S
10° 10° 10 10° 10® 10" 10” 10" 10" 10" 10

Frequency [Hz]






Graviton to photon conversion and synergies with next generation axion search
experiments

min 4]\]'exp -~ _ Nexp 1m2 1T 2 1m 2 1 Hz 1
K (O’W)g\/ABW@(w)Aw‘l'ﬁxm \/(ﬁ)( ) (5) (7)) (57) Go)

m N,y - detected number of photons per second

m A -cross-section of the detector

m B -magnetic field amplitude

m L -distance extension of the magnetic field
m ¢ (w)-quantum efficiency of the detector

m Af - operation frequency of the CCD
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ALPSIIl: Magnets installation

/ x
L i ALPS Il under construction (Credit: DESY)
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ALPS I

ALPS Il under construction as of October 2020 (Credit: DESY)
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ALPS Il: Fabry-Perot cavities

~ 120 m ~ 120 m
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Graviton-to-photon in the conversion Fabry-Perot cavity
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Future laboratory axion experiments: JURA, IAXO.

IAXO (Armengaud et al. JINST 9 T05002 (2014)) JURA

~ 1000 m ~ 1000 m
- = -

N 1 T ) T o

1) 1Y o [ ) [ (59

5 1 ) [ )

¢ |Naark (Hz)| A (m*) |B(T)|L (m)| F
ALPS Ilc|0.75] ~107° |~2x1073| 5.3 | 120 | 40000
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Prospects
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ALPS II: modifications
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ALPS Il without FP cavities
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Co-located interferometry up to 250 MHz at Cardiff University

m Quantization of space-time (main scientific goal)
m Dark matter searches

m High-frequency gravitational waves (1 - 250 MHz)
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Co-located interferometry up to 250 MHz

Class.Quant.Grav. 38 (2021) 8, 085008
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Axion search experiments ALPS |, OSQAR and
CAST, set first upper limits on stochastic UHF
GWs.

The upgraded ALPS I, Baby-IAXO/IAXO,
provide infrastructure to improve the existing
upper limits for stochastic UHF GWSs.

Conclusions

Minor modifications of axion experiments
could improve sensitivity to UHF GWs.

Axion search experiments are also being
identified as novel UHF GW detectors.
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