Report on ongoing
theory DMIlab projects




Planned and ongoing collaborations and interactions

Adam Falkowski (IJClab) <-> Guilherme Guedes (DESY)
Edoardo Alviani (IJClab) <-> Jasper Roosmale Nepveu (DESY)
Panagiotis Marinellis (IJClab) <-> Massimiliano Riva (DESY)
Jordan Koechler (LPTHE) <-> Kai Holberg-Schmidt (DESY)

Simon Clery (IJClab) <-> Mathias Pierre (DESY)
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Project: Gravitational waves from primordial black holes

DMLab project

Mathias Pierre and Simon Cléry

Variance ¢

e large perturbations of curvature can be generated in some models
of inflation, studied to generate Primordial Black Holes (PBH)

e Scalar (curvature) perturbations can source second order |
Gravitational Waves (GWSs) spectrum O

hg/j p QH’l;j - 0k8kh‘ij — pab i (T} ~ pab ij {0.000p0p} => Pp 7);5?99 with Ps, ~ Pr (curvature spectrum)

] Look at the production of GWs induced by large perturbations of curvatures generated during
inflation, related to the formation of PBH

1 Study the effect of Non-Gaussianities and the consequences of non-linear dynamics for the GWs
spectrum and its anisotropy



Project: X ray constraints on sub-GeV dark matter

Based on [arXiv:2303.08854] by M. Cirelli, N.
Fornengo, J. Koechler, E. Pinetti, B. M. Roach

* Prompt emissions:
* Final state radiation (FSR): DM (DM) - u*tu~y

* Radiative decay (Rad): DM (DM) —» u* i~ - u*

e Secondary emissions:
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Adapted from De Angelis et al., eASTROGAM coll., 1611.02232

* Inverse-Compton scattering (ICS): up-scattering of ambient photons thanks to DM-produced e+

DM(DM)—>---—>e><e

Yampb

Local number density
of ambient photons

Local number density
of DM-produced e*

Get the X-rays flux from ICS!

... after some integrations
‘ and convolutions

Klein-Nishina
cross section
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Project: X ray constraints on sub-GeV dark matter

Bounds on annihilating Dark Matter
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Uncertainties are still large: using more up-to-date ingredients may improve the situation,
Background modelling should further improve the constraints
Extension to p-wave annihilation and constraints on specific BSM models envisaged,



Project: Precision constraints on strongly interacting dark particles

Adam Falkowski <-> Guilherme Guedes

dark sector

* |t is conceivable that dark
sectors particles with only
strong interactions and no
electroweak interactions exist

gluon gluon

* They would contribute to the so-
202 M?Z = W (0) Occ = (D,GfA)2/22 called Z parameter (analogue of
electroweak S, T parameters)
q corresponding to a specific
dimension-6 operator in SMEFT
5 q * This operators is equivalent to a
linear combination of 4-quark

Observable Experimental value | SM prediction Definition
T, [GeV] | 2.4955+0.0023 [4, 28] 2.4941 S TZ = T . .
o T v v || operators in the Warsaw basis

R 20.804+0.050 [4] | 20.734 Ly
R, 20.785+0.033 [4] | 20.734 ngi(“‘“’%
R, 20.764 + 0.045 [4] 20.781 P a1
A§F=g 0.0145 + 0.0025 [4] 0.0162 342 ° G I . '
A% 0.0169 + 0.0013 4] 0.0162 34,4, O a . m a p O ut p reC I S e
AVE 0.0188 £ 0.0017 [4] 0.0162 3A.A,
v e | o | T constraints on the Z parameter
R, 0.1721 +0.0030 [4] 0.17222 % p
AFB 0.0996 + 0.0016 [4, 29] 0.1032 3AA, . .
AFB 0.0707 £ 0.0035  [4] 0.0736 %ﬁA,ﬁAc . fro m e I eC‘t rOWea k p reC I S I O n
A, 0.1516 + 0.0021 [4] 0.1470 Moo ) T ke
A, 0.142 4+ 0.015 [4] 0.1470 D)L i) .l: .t L E P
A, 0.136 £ 0.015 [4] 0.1470 MEor ) T i) m eaS u re m e n S a
A, 0.1498 £ 0.0049 [4] 0.1470 Doefep) T eher)
A, 0.1439 + 0.0043 4] 0.1470 Morr ) T i)
Ay 0.923 £0.020 [4] 0.935 b ) bnbn)
A, 0.670 £ 0.027 [4] 0.668 e e
A, 0.895+0.091 [30] 0.936 Doy T rnon]
Rue 0.166 £ 0.009 [9] 0.1722 ”72%3(}&717))




Project: Gravitational waves in modified gravity

Panagiotis Marinellis <-> Massimiliano Riva

* |t's the golden age of
gravitational wave astronomy

MWV * On-shell amplitude techniques
J have pushed forward precision
Frequency calculations of waveforms
- w)( wpece emitted in black hole/neutron
star collisions, in GR and EFT

L /d4q1d4q2 §(p1-q1)d(p2 - q2)0%(k — 1 — g2) eib’(qlqz% extension thereof

distance

cristooli, Gonzo, Kosower sD0C @ |_ @SS eXplored are the application
In scalar-tensor theories where
gravity is coupled to a
cosmologically light scalar

* Using on-shell amplitude
techniques simplifies calculation
of both gravitational waves and
scalar waves for Schwarzshild
and Kerr black holes



Project: Anomalies on shell

Edoardo Alviani <-> Jasper Roosmale Nepveu

Anomalies play an important role in
quantum theory

Usually formulated as an
iInconsistency between loop
regulators and current conservation

In on-shell formulation of QFT there is
no gauge symmetry to start with.
What are anomalies on shell?

Partial answers in Huang Mc Gady
arXiv:1307.4065 : clash between
unitarity, cut terms, and rational terms
In 1-loop amplitudes

Lots of loose ends: what about U(1)
anomalies, non-renormalisation
beyond 1 loop, trace anomalies etc.

On-shell formulation often brings new
physical perspective and powerful
new calculation tools
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