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A taxonomy of GW signals
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Stochastic gravitational-wave background (SGWB)

o incoherent, persistent GW signal
o faint/numerous sources
o astrophysical and cosmological

o GW density parameter:

Ocw(f) =
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Current SGWB constraints
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Current SGWB constraints
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Current SGWB constraints
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Future SGWB constraints
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Future SGWB constraints
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A way forward: binary resonance

o GWs cause oscillations between
orbiting bodies

o o resonant for frequencies £ = /P

where P is the period

@ imprints on the orbit accumulate
over time
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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
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Binary resonance: a brief history
discussed by Misner, Thorne, and Wheeler. . .

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

o evolves through Fokker-Planck eqn.

oW 0 o 0
ot 0X; (D7wW) - OX: OX; (D5 W)

o drift and diffusion coefficients

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

g (f)

10—10_

10—12_

14| T Ner(2021) —— PPTA —— MSPs (2021) —— LLR(2021) —— SLR(2021) —— Cassini LISA —— LVK 03
107 === Ny (2038) SKA MSPs (2038) ---- LLR (2038) SLR (2038) Earth normal modes ---- AION km ET

1010 10~8 10~6 104 102 100 102 104
f/Hz

dblas@ifae.es Detecting GWSs with binary resonance 9/13



Signals in the pHz band
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o key prediction of many particle physics
models

o four parameters:

» temperature T,
» strength «

» rate 5/H,
» bubble-wall velocity v,

o peak frequency

100 GeV v,

f. ~ 19uHz %
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Phase transition constraints
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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

thanks for listening!

s
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The Gravitational Soundscape

k [Mpc—1]

1074 1072 1072 10°' 10° 10 10% 10° 10* 10° 10% 107

1073 +
107" \\\jWRAS(95%CL>_,///”/////

10~° -

Voyage2050
10 x Voyage2050

~18 Spectral
10 CMB Distortions PTA

o™ o —
Lo Lo Lo

I | I
(- - -
— — —

10

10

10

10

10-1°

10~

10~
10~

10°

10°

1010 1011

uHz Gap
TT 0
S = S

Kite 22

1012 1013 1014 1015 1016 1017 1018

Interferometers

o™ o — - — o ™
I I I - - (- o
- - - — | — |
— — —

<
-
—



Backup Slides
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Characteristic strain
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Combining binary pulsar bounds
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Power-law sensitivity vs. monochromatic sensitivity

lunar laser ranging, e ~ 0.055 pulsar timing (J1638-4725), e ~ 0.955
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Solar system bounds
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Osculating orbits
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From Langevin to FP

Xi(X,t) — ‘/z(X) + Fi(Xat),
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Examples of coefficients
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Covariance matrix over time

Tl
S0 S0 32' ““‘“
0 1
R g i
3 o~ {i "ﬂ‘ ﬁi '
0 < 0 %_(1): | Hl”l ‘N m“ ll %0.5— ” ” ” ’
$) &) h
0- 1 0K 50
. il ~
% ~20 fi " ' ‘ ' \z
I
100 200
é 07 S0 Némloo— ///
& S
0 - . . . . ~100 . 0 .
0 500 0 500 0 500 1000 0 500 1000 500 1000 0 500 1000
t/yr t/yr t/yr t/yr t/yr
13/13

t/yr

dblas@ifae.es

Detecting GWSs with binary resonance



FOPT

Schmitz, K. 2021
o four parameters:

» temperature T, ST
» strength « () = Qe (L)X FIEY | e 557792 - 9
» rate B/H,
» bubble-wall velocity v,, % m 10z X T. ﬁ/H*( g+ )1/6 5)
' 100GeV v,, \106.75/ °
- v Ko \2 2 -1/3

Qow(fi) ®5.7%x 1070 x =¥ ( )( )

speed of sound in the plasma). For the efficiency parameter « X [1 — (1 + 27w H *)—1/ 2] .

which appears in equation (6), we use the fitting functions in
the appendix of Espinosa et al (2010),% while for the sound
wave lifetime we take®®

(16)
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