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Gravitational waves: status 2024

@ Confirmed observations in two frequency ranges

@ Stochastic BG:

¢ SMBH mergers ?
¢ New physics!?
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Cosmological phase tr an5|t|ons

2 We need a (strong)

¢ Not in the standard model: new physics... !

¢ Triggered by temperature
corrections to the potential

V(g,T) = gm (T2 - T2) ¢2 — —T¢3+A¢

1.0 |
Pos e s
@ Bubbles of new vacuum phase
¢ nucleate spontaneously
¢ quickly expand and percolate

J. Matuszak, 23

@ Need numerical simulations
¢ highly non-linear dynamics

¢ GWs produced through bubble wall collisions, ¥
sound waves and plasma turbulence
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Resulting GW spectrum

¢ Main phenomenological parameters:

¢ nucleation/percolation ¢ PT strength ¢ Characteristic scale (inverse time)
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A PT explanation of NANOGrayv !

TB, Depta, Konstandin, Schmidt-Hoberg & Tasillo, JCAP 23
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Sound waves, stable dark sector,
ignoring cosmological constraints

ANy > 0.22: excluded by
BBN and CMB at 95% C.L.

B/H < 3: No percolation
B/H < 10: GWB is overestimated
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looks good...

@ ...but is incompatible
with cosmology

¢ confirmed by full global fit
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A decaying dark sector

TB, Depta, Konstandin, Schmidt-Hoberg & Tasillo, JCAP 23

(Beford)BBN
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@ Simplest way out :allow ¢ — SM

—— Sound waves, decaying dark sector
B/H < 3: No percolation
B/H < 10: GWB is overestimated

9 Problem solved — results
in to data

103 e -

¢ Conclusions strengthened
with | 5yr data: w.i.p. ...

3Bayes factors for a phase transition vs. only pulsar-intrinsic red noise
10
-3.00
® Decisive
+ T ™ T
@ 250
10% 5
1 Very Strong E
-2.00 ]
o
)
134 &)
z -1.50 3 3
[ 1 El
z 1007 7
S P 100 N o
3 1 No percolation 102 grrermm e
for I' = const Barely worth -0.50 F ?
mentioning 100 b
100 5 S -0.00 0 3 E
E . ~— 5 E 3
107 “F k|
° L4 - -0.50 S ]
@® Sound waves, decaying dark sector Negative JF 3
Sound waves, stable dark sector | 1 O o 10~ E E
1 @® Bubble wall collisions, stable dark sector : ;E }; 2
_ 106 . | sound oo ol o v sockb il
10 i é é ,17 é 111 1072 1072 10=' 10° 10'10° 10%10=* 1073 1072 10~' 10°0=3 102 10~! 10° 10406 10~* 1072 10° 102
erc erc
Qttot p/H Ton /GeV DS s /s

Lower boundary of 5/H prior

AR University of Oslo (Torsten Bringmann) Gravitational waves from nHz to GHz -

7



Gravitational waves: looking ahead

@ Confirmed observations in two frequency ranges

@ ESA has now formally adopted the LISA mission
=> Large potential to probe new physics
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A concrete model

TB, Gonzalo, Kahlhoefer, Matuszak & Tasillo, JCAP 24

¢ scalar field charged under U(I)’
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¢ (Chiral) dark matter fermion

——> mass & thermal freeze-out

¢ tree-level masses from SSB: after PT
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A LISA miracle ?

TB, Gonzalo, Kahlhoefer, Matuszak & Tasillo, JCAP 24

@ Striking correlation between GW ¢ Why 2?

peak frequency and DM abundance @ strong PT + large GW signal
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Gravitational waves: science fiction (?)

@ Confirmed observations in two frequency ranges
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@ ESA has now formally adopted the LISA mission

@ Some recent interest in exploring ultra-high frequency GWs

¢ Table-top GWV detectors !
¢ No known sources — smoking gun for new physics
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Optical Frequency modulation

TB, Domcke, Fuchs & Kopp, PRD 23
@ Frequency measured by observer mekiatiicbane
with 4-velocity " : )
y Juv = Nuv + h,ul/ ey
"
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trivial —

9 Lessons learned:

¢ Apparently, nothing is trivial...
¢ Calculation in different frames shows intriguing cancellations
¢ A rigid experimental setup (§u* = 0) naively gives frequency shifts (ng)2

... but a rigid ruler is impossible w,L > vy !

@ Bottom line:

< Signal with main (carrier) frequency w-

Intensity
(D
Q
(D
Q
!
T
N
n
(@)
L
)

&) —
- at wfy . wg :
Q@ TII’I)’ ~ h(wv/wg) . sideband
$~(h _ 10—20)2
@@3‘5&%‘ T
i?fli'/” _U\' ’ . . ' w° ~ THz frequency
W7 UiO s University of Oslo  (Torsten Bringmann) Y 12




Sensitivities

| TB, Domcke, Fuchs & Kopp, PRD 23
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Conclusions

¢ The nHz GW background is consistent |~

T~ 1072f

with a dark sector phase transition =
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@ The observation of a mHz signal might

indicate thermal dark matter production
' in a secluded dark sector
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@ Rapid progress in developing ideas for - f. - so |
‘ ' detectors of GHz GWs - oo
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¢ now we just need good ideas for signals... .- R

Thanks for listening! Questions?
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