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MW invisible band
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The Gravitational Soundscape ca. 2040
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The Gravitational Soundscape ca. 2040
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The Gravitational Soundscape ca. 2040
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The Gravitational Soundscape ca. 2040
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The Gravitational Soundscape ca. 2040
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Current SGWB constraints
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Binary resonance: a brief history — )
discussed by M isner, Thorne, and Whee|er_ o e e ——

1. The Relative Motions of Two Freely Falling Bodies

As a gravitational wave passes two freely falling bodies, their proper separation
oscillates (Figure 37.3). This produces corresponding oscillations in the redshift and
round-trip travel times for electromagnetic signals propagating back and forth
between the two bodies. Either effect, oscillating redshift or oscillating travel time,
could be used in principle to detect the passage of the waves. Examples of such
detectors are the Earth-Moon separation, as monitored by laser ranging [Fig.
37.2(a)]; Earth-spacecraft separations as monitored by radio ranging; and the
separation between two test masses in an Earth-orbiting laboratory, as monitored

by redshift measurements or by laser interferometry. Several features of such
detectors are explored in exercises 37.6 and 37.7. As shown in exercise 37.7, such

detectors have so low a sensitivity that they are of little experimental interest.

... but that was 50 years ago!

investigated more recently by Lam Hui et al, PRD (2013),
similar ideas used to search for dark matter by Blas et al, PRL (2017)

time for a closer look?

dblas@ifae.es Detecting GWSs with binary resonance



Orbital elements

> N

o period P, eccentricity e:
size and shape of orbit

o inlination /, ascending node (/.
orientation In space

o pericentre w,
mean anomaly at epoch «:
radial and angular phases

dblas@ifae.es Detecting GWSs with binary resonance



Osculating orbits
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But the effect is stochastic... Fokker-Planck approach

deterministic

: ~_ stochastic

we move from dynamics of the variable to dynamics of the distribution W(X)



o track distribution function W(X, t) of
pM orbital elements X = (P, e, [, {2, w,¢)

o evolves through Fokker-Planck eqn.

oW 0 .
ot 0X; (D W) - OX; OX; (D5 W)

o drift and diffusion coefficients
(averaged over orbits)

DM(X) = Vi(X) + il Ap (X)) 2(n/P)

P& (X) = i By (X) 2n(n/ P)
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Two binary probes

timing of binary pulsars lunar and satellite laser ranging

(pulsar animation credit: Michael Kramer)

(image credit: NASA)
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Our forecast constraints
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Signals in the pnHz band
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Summary and outlook

@ binary resonance can probe a unique GW frequency band
o we have developed a powerful new formalism
@ unique constraints on phase transitions (and more)

o plenty more work to do! more signals, more systems, plus running on real data

dblas@ifae.es Detecting GWSs with binary resonance
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The Gravitational Soundscape
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The Gravitational Soundscape at high frequencies

Crucial question: what sources above kHz? review
Aggarwal et al,2011.12414
Stochastic Coherent
Standard Model: Q Q
Thermal plasma fluctuations
Ghiglieri & Laine (2015) ‘?

Ghiglieri et al (2020)
Ringwald et al (2020)

BSM: Q

Inflation PBH inspirals
Phase transitions Superradiance

Cosmic Strings Exotic objects
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The Gravitational Soundscape at high frequencies
SMASH model full spectrum
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Searching for GWs with light

Interaction GWs with light
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What are we looking for?

Interaction GWs with light

AH

O(F")

analogy with axions
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MAGO design from CERN (gr-qc/0502054)

CaVitieS we are revisiting it...

EM-coupling Mechanical-coupling
(shaking the walls)
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MAGO desigr © ym CERN (gr-qc/0502054)

CaVitieS we are revisiting it...
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g(\g(\%’“ :,\/a”S)




Some details

Marzlin, 94

Local inertial | aboratory frame
frame (lLIF) > u I‘“A VLA b
geodesic

lalboratory coordinates accelerated wrt LIF




Some details

Marzlin, 94

Local inertial | aboratory frame
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R ~ w?h
) choice of frame R0 (h) = Ruvpe (R ") + O(R?)

LIF at order  O((wL)?)

LIF - N kol LE 2 k
hoo ~ —Rojjx'a? | hiy~ —o kit hoi = _gR()jikxjx



R ~ w?h
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LIF at order  O((wL)?)
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Some details
R ~ w?h

) choice of frame  Ryupo(h) = Ruvpe (KT + O(R?)
(wL)?)
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Some (VERY IMPORTANT) details

LIF at all orderin h*” Marzin, 94

and 1t can be resummed for a GW!!

A. Berlin, DB, R.T. D’Agnolo, S. Ellis, R. Harnik,
Y. Kahn, . Schutte-Engel
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ADMX

HAYSTAC

CAPP

ORGAN

SQMS params.

Projected Sensitivities of Axion Experiments

wg /27 € [0.65,1.02] GHz

Q~8x10% Byp=75T
Veav = 136 L, Tsys ~ 0.6 K

wg/2m € [5.6,5.8] GHz

Q~3x10% Bp=9T
VcavzzL, TsbeO.].BK

wg/2m € [1.6,1.65] GHz

Q~4x10% Byp=73T
Vcav — 3.47 L, Tsys Y 1.2 K

wg/2m = 26.531 GHz

Q~13x10% Byp=7T
Vcav d 0.0078 L, Tsys d 4 K

7/

10—24 10—23

wg/2m € [1,2] GHz
Q~105, Bo=5T
Vca_v — 100 L, Tsys ~J 1 K

7/

10~ 10~ 10— 101
Strain Sensitivity hg
+ It's directional and not degenerate with axions



The Gravitational Soundscape at high frequencies

GWs from PBHSs (rates |/year)
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Conclusions (part Il)

B SRF cavities are a mature technology to look for GWs at GHz either

ADMX’ like we - 4\) —— ) )
Heterodyne - é{ N~ i

B As in any GR calculation: subtleties in working with a consistent gauge

1T gauge needs to be converted to laboratory frame
The laboratory frame may need all orders in ~ O((wL))

B |n the laboratory frame, there is sensitivity to ALL directions! (also longitudinal)

B Stay tuned for the connection to real world... (noise estimates + prospects)



