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Outline

● GW sources in the MHz to THz range

● GW limits from ABRA / SHAFT / DMRadio
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early Universe
BSM physics
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high frequency GW sources

Cosmological    Astrophysical

● sourced by violent cosmological 
event in the early Universe

● stochastic GW background (SGWB):
stationary, isotropic, broad spectrum

● GW frequency determined by 
Hubbe horizon at sourcing time
→ high frequency = early Universe

● observationally bounded by 
BBN and CMB (extra radiation)

● vanilla cosmology: SGWB from
cosmic inflation & CGWB very small.
But in many BSM models, saturating 
BBN bound is easy
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● stochastic GW background (SGWB):
stationary, isotropic, broad spectrum

● GW frequency determined by 
Hubbe horizon at sourcing time
→ high frequency = early Universe

● observationally bounded by 
BBN and CMB (extra radiation)

● vanilla cosmology: SGWB from
cosmic inflation & CGWB very small.
But in many BSM models, saturating 
BBN bound is easy

● localized GW sources, both coherent
and incoherent signals possible

● no known astrophysical objects
emit (significantly) in UHF band

● eg mergers of light primordial black
holes or exotic compact objects,
superradiance

● large signals require near-by events
→ rare events with GW strain far
     above BBN bound are possible

● SGWB from unresolved sources,
typically harder to detect

UHF GW searches are always a search for New Physics
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cosmological sources

Amplitude: BBN / CMB bound

for a broadband SGWB:

Frequency: tied to energy scale of cosmic event

during radiation era:

during inflation:

Examples: (Axion) inflation, (p)reheating, relic cosmic GW background, 
phase transitions (first order PT and/or topological defects from PTs) ,...

see Living Review: https://arxiv.org/abs/2011.12414
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astrophysical sources

Example: mergers of light primordial black holes

GW amplitude at chirp frequency, with

What is the probability of such an event? (assuming  fPBH ~ 0.1 - 1)

capture in primordial BH halos:

primordial binaries:

large uncertainties, large GW amplitudes possible for very rare events,
experimentally largely unconstrained discovery space  

possible boost from MW halo: Pajolas et al  `21
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challenges in UHF GW detection

frequency

BBN bound

Theorists are joyful people

CMB/BBN bound constrains energy

early Universe
BSM physics
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challenges in UHF GW detection

frequency frequency

BBN bound

BBN bound

Theorists are joyful people
Experimentalists live 
on a slippery slope

CMB/BBN bound constrains energy experiments measure displacement

all talks available online:

1st workshop
http://indico.ictp.it/event/9006/

2nd workshop:
https://indico.cern.ch/event/1074510/

early Universe
BSM physics
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searching for UHF GWs
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Bulk accoustic wave devices
at UWA

Living Review on sources & detectors: https://arxiv.org/abs/2011.12414

(see also talk by A. Ejlli)

cosmological sources
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GW electrodynamics

Classical electrodynamics + linearized GR,     :

with

effective curent 
effective polarization vector
effective magnetization vector

induced at linear order in h
in presence of external E,B field

VD, Garcia-Cely, Rodd `22

Direct analogy with axion electrodynamics

McAllister et al `18
Tobar, McAllister, Goryachev `19
Quellet, Bogorad `19

effective source terms in Maxwell‘s equation due to GW
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GW signal in axion haloscopes

eg ABRACADABRA, SHAFT, DM Radio:
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Figure-8
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VD, Garcia-Cely, Rodd `22
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GW signal in axion haloscopes

eg ABRACADABRA, SHAFT, DM Radio:
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GW signal in axion haloscopes

eg ABRACADABRA, SHAFT, DM Radio:

r
R

a

H

B0

Figure-8
pickup loop

x

y

static magnetic field

effective current

induced oscillating magnetic field

measure magnetic flux (~ h)
through pickup loop 

match to axion induced flux to recast
axion-photon coupling bounds as GW bounds

at leading order in     : 

suppression at low frequencies as             

implies very good volume scaling

VD, Garcia-Cely, Rodd `22
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optimized pickup loop geometry
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spin 2 structure of GW induces anuglar modulation
of induced B field

leading order             contribution can be captured 
with a figure-8 geometry for the pickup loop

parametric improvement for modified pickup loop

VD, Garcia-Cely, Rodd `22
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bounds and prospects
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bounds from recasting ABRA [2102.06722] and SHAFT limits [2003.03348]

prospects for DM Radio proposals [Snowmass Letters of Interest CF2]

still far away from BBN bound, but clear synergies with axion searches 

circular pickup loop fig-8 pickup loop

(see also talk by D. Blas)
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Conclusions and Outlook

● GW signals >> kHz would be a smoking gun of BSM physics

● Cosmological signals well motivated, but amplitude constrained by BBN and CMB

● Larger astrophysical signals from rare exotic events possible

● GW electrodynamics has clear similarities with axion electrodynamics:

Important synergies between axion searches and UHF GW searces

● New bounds and prospects for low-mass axion haloscopes as GW detectors

● Outlook:  limit (exp. and th.), modified (pickup loop) geometries, ...

GW sources at high frequencies

GW searches with axion haloscopes
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backup slides
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BBN bound

radiation energy after electron decoupling: photons neutrinos BSM

at BBN or CMB decoupling:

at BBN, CMB decoupling ~ 5 % GW energy density allowed

today:

today, energy fraction < 10-6  (for GWs present at BBN / CMB decoupling)

note: constraint
on total GW energy
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astrophysical sources
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Neutron stars

Primordial BHs

Exotic compact objects

Superradiance (annihilation)

Superradiance (decay)
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metastable cosmic strings

consider
Vilenkin `82; Leblond, Shlaer, Siemens `09;
Monin, Voloshin `08/09; Dror et al `19

cosmic strings

no cosmic strings
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metastable cosmic strings

consider
Vilenkin `82; Leblond, Shlaer, Siemens `09;
Monin, Voloshin `08/09; Dror et al `19

cosmic strings

no cosmic strings

resolution: no topologically stable cosmic strings

generates monopoles

generates cosmic strings,

metastable
string & 
monopole 
network

cosmic inflation dilutes monopoles

decay via nucleation of monopoles
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dynamics of metastable CS network

scaling regime
(long strings & loops)

segments & loops

[see also Leblond, Shlaer, Simons `09]
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dynamics of metastable CS network

scaling regime
(long strings & loops)

segments & loops

[see also Leblond, Shlaer, Simons `09]

number densities for long strings, loops and segments from kinetic equations:

source term length change per unit time

initial conditions: numerical simulations for scaling regime, matching conditions.
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gravitational wave signal - SGWB

gravitational wave emission from integration over loop distribution function:

GW power spectrum of a single loop

# of loops emitting GWs 
observed at frequency f today

# of loops with length     at time t

with

cosmological history 

see eg. Auclair, Blanco-Pillado, Figueroa et al `19
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with

cosmological history 

see eg. Auclair, Blanco-Pillado, Figueroa et al `19

Buchmüller, VD, Schmitz `21Blanco-Pillado, Olum, Shlaer ‘14

number density 
for stable strings

decay due to monopole 
production and GW 
emission

loop production only
in scaling regime

finite CS life time

19 / 22



 

Valerie Domcke - CERN/EPFL

gravitational wave signal - SGWB

gravitational wave emission from integration over loop distribution function:

GW power spectrum of a single loop

# of loops emitting GWs 
observed at frequency f today

# of loops with length     at time t

with

cosmological history 

see eg. Auclair, Blanco-Pillado, Figueroa et al `19

Buchmüller, VD, Schmitz `21Blanco-Pillado, Olum, Shlaer ‘14

number density 
for stable strings

decay due to monopole 
production and GW 
emission

loop production only
in scaling regime

finite CS life time

analogous for contribution from segments

19 / 22



 

Valerie Domcke - CERN/EPFL

PTA LISA LIGO
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gravitational wave spectrum
stable cosmic strings
(highly constrained by PTA)

metastable cosmic strings:
discovery space for LISA, LIGO & beyond

Buchmüller, VD, Schmitz `21

                                                          with                        can be tested with GWs!
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ABRACADABRA
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DM Radio

Snowmass Letters of Interest CF2

22 / 22


	Slide: 1
	Slide: 2
	Slide: 3 (1)
	Slide: 3 (2)
	Slide: 4 (1)
	Slide: 4 (2)
	Slide: 4 (3)
	Slide: 5
	Slide: 6 (1)
	Slide: 6 (2)
	Slide: 6 (3)
	Slide: 7
	Slide: 8
	Slide: 9
	Slide: 10 (1)
	Slide: 10 (2)
	Slide: 10 (3)
	Slide: 10 (4)
	Slide: 10 (5)
	Slide: 11
	Slide: 12
	Slide: 13
	Slide: 14
	Slide: 15
	Slide: 16
	Slide: 17 (1)
	Slide: 17 (2)
	Slide: 17 (3)
	Slide: 18 (1)
	Slide: 18 (2)
	Slide: 19 (1)
	Slide: 19 (2)
	Slide: 19 (3)
	Slide: 20
	Slide: 21
	Slide: 22

