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Pulsar timing arrays
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Pulsar timing arrays
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Pulses expected
from timing model
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Pulsar timing arrays
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Pulsar timing arrays

Timing residuals
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Merging supermassive black holes

Observed signal follows a power-law
spectrum with amplitude A and slope ¥

Astrophysical simulations based on
realistic BH populations predict much

NANOGrav 15-year weaker signals with higher y. Recently
R backed up by N-Body simulations.

Chen+ [2502.01024]
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The observed PTA background is probalbly not
only due to hlack hole mergers.

Are there other signal sources?
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First-order phase transitions produce GWs

10_6 — T T T TTT7T] T T T TTTT]

Bubbles of the new phase nucleate,
collide and perturb the plasma...

NANOGrav 15yr
10~®

f/ Hz

.. giving rise to an observable stochastic
gravitational wave background.
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Parametrization of the GW signal

107 To fit the new pulsar timing data:
s NANOGrav Loyt Strong transitions, a 2 1
Slow transitions, f/H ~ 10
\E 10~10 Percolation around 7'~ 10 MeV
107 @&O" But: There's no strong first-order
755 phase transition in the SM at 10 MeV...
1071 g So:
1010 100  10° 107 10
f / Hz A transition in a dark sector? Is it
SMBHB: A = 107155, 7 = 13/3 related to the origin of dark matter?
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Big Bang Nucleosynthesis and the CMB

Observation of primordial
light element abundances in
good agreement with
standard BBN

rnl

é 13:: 3 [Planck collaboration]

NSEN = 2.898 +0.141
© 1077 Eff

I CMB _ +

Z 10- Neff — 2.99 — ()17

onsistent with 3 SM neutrinos
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[Paul Frederik Depta]
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Big Bang Nucleosynthesis and the CMB

ordial
ances In
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Cosmological constraints:

" If the liberated vacuum
| energy remains in the |
dark sector, a good fit |
would require enormous |
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https://inspirehep.net/literature/2669369

What happened after JCAP 11 (2023) 053?

New PTA data: higher peak

Solution to the final

frequency and slope parsec problem?

INANOGrav, PPTA, EPTA,
CPTA, InPTA, Meerkat]

[Chiaberge+, 2501.18730]

What happened since
July 20235?

SMBH remain unable to Investigation of specific
account for full GW signal dark sector models

[2412.16282, 2501.11619,2501.14986,

[Chen+, 2502.01024]
2501.15649, 2502.04108, ..]

More constraints than

jUSt ANeff
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A minimal dark sector setup

Dark sector

@ A’

V(¢) = p°ep” + Ap* + /lh¢V2¢2

Higgs mixing 4,

Changes the dark Higgs
potential...

Portal couplings

-

Kinetic mixing K
2 D kb, F*

¢ — @e is suppressed by k*..
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See 2412.16282, 2501.11619, 2501.15649, 2501.14986

by Banik, Goncalves, Costa, Li et al.
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A minimal dark sector setup

Dark sector

Higgs mixing 4,

Changes the dz

¢ — @e is suppressed by k*..
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See 2412.16282, 2501.11619, 2501.15649, 2501.14986

by Banik, Goncalves, Costa, Li et al.
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A conformal dark sector incl. dark matter candidate
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A conformal dark sector incl. dark matter candidate
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Strong supercooling throughout

the whole parameter space!
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A conformal dark sector incl. dark matter candidate
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Thermalization becomes easy!
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GAMBIT: from Lagrangians to Likelihoods

MSSM, NUHM1&2 MSSM7 ‘ scalar Higgs portal | scalar HP DM + vac.
1705.07935 1705.07917 DM 1705.07931 stab. 1806.11281

100 2 cL GAMET 130 0.15 prrop

/ﬁ——_’ N —_— 737 —-— = :: v:'\\\
=3 \

vector, fermion HP EWMSSM axion-like particles  right-handed neut.s | To combine BBN + CMB'
DM 1808.10465 1809.02097 1810.07192 1908.02302 | o o o 4,
detection, bullet cluster
and beam dump !
constraints: GAMBIT |

\ I I

|
flavor EFT ALPs@XENONI1T neutrino masses & dark matter EFTs
2006.03489 2006.03489 cosmo 2009.03287 2106.02056 \

Slide by C. Balazs @ SUSY 2021 e
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All constraints can be circumvented

T SMBH &31
— FOPT

T Sem G%T Global fit found parameter space with
- 7 100% of observed DM relic density

= . Loud phase transition on top of

T o] AL ,standard” SMBHB background

é‘s_u- Negligible impact on BBN and CMB
_12- No relevant DM direct + indirect

detection + bullet cluster constraints
18192 0o 5/ - 133
Y Z 343 MoV %{ — 15.2 MeV Testable LDMX prediction:
295 00 -85 80 75 70 —65 —60 my = 100 — 200 MeV, k =~ 10~4
logy, f [Hz|
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Reliable computation of the GW spectra for strong supercooling?

No public code that can deal with
strong supercooling

Available codes are specialized on
specific sub-tasks like phase tracing,
the bounce action, the bubble
hucleation rate, the wall velocity...

They are not integrated into the
ecosystem of global fits, i.e. GAMBIT

[Ongoing work Jonas Matuszak]
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We're on it!

logio a

y

[Ongoing work with Jonas Matuszak]

Extreme supercooling i

702 101 10°
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I &1

perc

Arbitrary

Warnings &
number of scalars

error handling

~10s per point

User- Not just
frlendly OTA EFWSB

likelihoods

SNR for
LISA, ET, ...

Integration
into GAMBIT




Summary

PTAs can probe the pre-BBN universe!

Dark sector phase transition can explain
the PTA signal better than only SMBHs

Performed global fit with PTA, BBN, CMB,
direct detection, indirect detection, bullet
cluster, and beam dump likelihoods

Best-fit scenario explains PTA data & dark
matter and can be tested by LDMX!

Soon: TransitionListener v2 for studying
phase transition models and comparing
them with actual data
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