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Simplified #channel models for DM Garny etal (2017, Garny et al (2018

Mohan et al. (2019), Arina et al. (2020), Arina et al. (2021)

qi L2 |D.X;|* + gpmX] XPrai + h.c.

/\/

X THIS
Z, odd//'\ x ~ (1,0,0) X; ~ (3,1,42/3) ugmodel | -
. ” X, ~(3,1,—1/3) dp model

X;~(3,2,-1/6) q; model

v’ Few new particles and parameters: {m,, A = mx — my, gom}

v" Rich phenomenology on vast parameter space

219 Emanuele Copello — QMDM?24 Q rrisma K



DM abundance and coannihilations

Chemical + kinetic equilibrium:
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DM abundance and coannihilations

Incoming colored states experience gluonic long-range force!

Non-perturbative effects relevant = Sommerfeld effect + Bound state formation
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Long-range colored interactions: Sommerfeld effect tsommereaion;
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Long-range colored interactions: bound state formation

g Ellis et al. (2015), Petraki et al. (2015),
X - N Mitridate et al. (2017), Harz & Petraki (2018),
-y oy P--=g-- -~ ==y --- P --=-g-9- Biondini & Laine (2018), Biondini & Vogl (2019)
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What we wanted to improve on

Adapted from [ Harz & Petraki (2018) ]
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Adapted from [ Mohan et al. (2019) ]

Adapted from [ Arina et al. (2020) ]
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What we wanted to improve on

THIS WORK
Non-perturbative effects
Co-annihilation focus
Simplified DM model
Experimental limits

We modified micrOMEGAS 5.2.7 [Belanger et al. (2001) and updated versions] Including:
1. Sommerfeld effect (3 ® 3 and 3 ® 3)
2. BSF (singlet ground state) for gluon emission.
3. Exploitation of CalcHEP calculations + long-time integration (z < 10%)
= Automatic + efficient RD computation = parameter space scan faster and easier

For details: see talk by Martin Napetschnig!
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Impact on DM relic abundance: parameter space
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Impact on DM relic abundance: parameter space
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Direct detection constraints

="plCO [ Amole etal. (2017)] Becker, EC, Harz, Mohan, Senqupta (2022)
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Prompt searches: mono- and multi-jet + MET

I Prompt searches @ LHC I

ATLAS

EXPERIMENT

Recasting ATLAS mono-jet and multi-iet + MET (139 fb' @ Vs =13 TeV):

(1) Pair-production of mediators
+ decay into quark + DM

(2) Associated production
DM + mediator

@ Pair-production of DM +
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Prompt searches: bound state resonances

Becker, EC, Harz, Mohan, Sengupta (2022)
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Potential of LLP searches

Underabundant freeze-out when X <> xq decouple

Y
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Long-lived particle searches @ LHC | CMS~

i

Recast CMS Heavy Stable Charged Particles (HSCP) @ s = 13 TEV, L=12.9 b
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Am [GeV]

Combined constraints... with SE and SE+BSF
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Combined constraints... with SE and SE+BSF

Becker, EC, Harz, Mohan, Senqupta (2022)

Zoomed in the strongly coannihilating region
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Future projections

Direct detection — Darwin project
Colliders — High-Lumi LHC

Becker, EC, Harz, Mohan, Senqupta (2022)
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Final remarks: potential of bound state searches at LHC

BSF @ LHC Prompt searches @ LHC
LLP @LHC Direct detection
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Conclusions

SE and BSF:
«  Modify {oesrvrer) in @ non-trivial way (dominating processes, sign of potential,...).

 Impact DM relic density in co-annihilating regime:
smaller gpy. larger mpy and Am wrt. perturbative scenario.

Experimental searches:
 Model (almost) fully probed by future experiments — highly testable

 BS searches at colliders independent of portal coupling — bridge prompt and LLPs regimes
Code for pheno:

*  micrOMEGAs efficient for Coulomb SE and ground state. What about excited states (see
coming talk of M. Napetschnig and J. Heisig) / Yukawa potentials?
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Thank you for your attention!
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