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Simplified DM models

Spectrum of Dark Matter theories [abdallah et al. (2015)
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Simplified t-channel DM models

= Z(Dﬂ)?i)’r(D”)?i) —m2XTR, + 9w TPrq; + h.c.
[

[Mohan et al. (2019)]
[Arina et al. (2020)]
[Arina et al. (2021)]

ASSUMPTIONS

Discrete Z,: odd for dark sector
x: Majorana and LSP — DM

Democratic diagonal gpy
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Freeze-out with co-annihilations
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ASSUMPTIONS iziis et al. (2015

Co-annihilating region » AM = my — mpy < Mpym
Farameter space: {mpy, AM, gpm }

« Dark-visible sectors in kinetic equilibrium
 (Chemical equilibrium within dark sector

~ 1/2
dy CG+ eff > 1
= ’ V2 __ y2 Y = Y- 0 h2 <

= (TetVre) (Y — Y, z i DM
dx x2 erore ( eq) i={7.X) (Geffvrel>
x\/q, X, i X, Vyyg
Y RN e e
| - effUrel) = ijVijl == 3
X/\%' X,;/ qj X/\\Qi ij={)(X} (qu)
X] g X! 9
\“wngﬂw(éi | \‘(AM_EW<
X / g X-f'/ qj
5/13 Emanuele Copello - DESY Theory Workshop 2021

TUTI




Noether- -

Freeze-out with co-annihilations &
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Long-range non-perturbative effects

[R] R, ®R, = Z R
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Vgluon(r) T 2y [C2(R1) + C2(Rz) — G, (R)] C,(R): quadratic Casimir

Colored states feel long-range forces ‘ Wavefunctions of incoming
particles are distorted

In non-relativistic regime, ag ~ vrgp, their
Interactions can be enhanced or suppressed. X 1

SOMMERFELD EFFECT

Fffect captured by ladder diagram (2PI-resummed): Xo

n
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6/13 Emanuele Copello - DESY Theory Workshop 2021



Long-range non-perturbative effects
R R1®R2=Zﬁ
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Long-range non-perturbative effects

g [Harz and Petraki (2018)]
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Co-annihilations with BSF &
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Relic Density calculation: “mass spectrum”

Becker, EC, Harz, Mohan, Sengupta
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Relic Density calculation: lower bound on gpy %

Becker, EC, Harz, Mohan, Sengupta
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Direct detection constraints

Becker, EC, Harz, Mohan, Sengupta

100F
1-loop contribution to Sl scattering (tree-
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Adding LHC data. ..

Becker, EC, Harz, Mohan, Sengupta
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Conclusions

 Non-perturbative effects must be included when dark sector joins long-range interactions (e.g.,
QCD) — substantial alteration of DM relic abundance.

 (Co-annihilating uR model: largest DM mass can be 2.5 times than without BSF and SE; mass
splittings DM-mediators also larger (dR and gL in progress, effects similar)
— multi-TeV region remains interesting

« SI DD provides stronger limits than LHC. But: small mpy and small AM implies gpy < 1077
— potentially interesting for LLPs searches (in progress).

* Future: - full micrOMEGAs implementation of SE and BSF for colored particles (other reps.)
- Analysis with other potentially interesting simplified models.
- Inclusion of SE and BSF from Yukawa potential (e.g., Higgs)

— gven stronger effects (see [Harz and Petraki (2019)))
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