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Feebly interacting dark matter

* Nature of DM is still unknown despite many dedicated experiments
* Feebly interaction DM easily escapes (in)direct DM experiments

DM can be produced through the freeze-in mechanism

[Hall et. al. 2009]
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Freeze-in production of DM

* DM is never in equilibrium with any SM particle
* Abundance gradually builds up due to mediator decay processes
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Freeze-in production of DM

* DM is never in equilibrium with any SM particle
* Abundance gradually builds up due to mediator decay processes
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Freeze-in during reheating era

« Standard freeze-in happens during radiation era (T >> mg)

e For Ty < mp, freeze In during early matter dominated era
—] N — Dilution of abundance if T, <m_

mg ’mQB
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Probing early universe using the LHC

* EXxploit the link between DM abundance and decay length to
probe the reheating temperature in case of a discovery

Case 2: Only m_and ct are

Casel: m , m and cT are
X B
reconstructed

reconstructed

l Requiring Qh?=0.12 and m, > 10keV
Requiring Qh2=0.12 (Lyat bounds)
¢ ¢ [Boulebnane et. al. 2017]

Exact prediction of T, Upper Limit of T,



Simplified model classification
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LLP signatures
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Sensitivity to simplified models

DV DJ | DJ
Label + + + | DL | DLV | Dy | DT | RH | HSCP | KT
MET | MET |
Fis & Siy v v v
Fo &S | v | 7 7 ;v
Fo & Sp | v | 7 7
Fu&Sn | v | v |7 [ ¢ 7
Fax v v v
Fors V2 RV RV VN RV RV V. 7
Sue & Fuy v v v |V v v v




Topphilic scenario

h2 0.12, mDm—10keV
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Singlet-triplet model
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Summary

* Link between DM freeze-in production and mediator decay length
e |f T, <mg, these models can be probed by LLP searches

* Adisplaced vertex discovery can probe the early universe

* Focusing on different signatures can help narrowing down the
specific model
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Leptophilic scenario

. Qh? = 0.12, mpy = 10 keV
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LLP searches used

. Maximal
Signature Exp. & Ref. L Label
sensitivity
R-hadrons CMS [59] 12,9 b1 RH
. et 2 10 m _
Heavy stable charged particle | ATLAS |60 | 36.1 fb™ HSCP
_ , ATLAS [61] | 36.1 fb™' | ¢7 ~ 30 em
Disappearing tracks _ . DT
CMS [62, 63] | 140 tb™ et =~ 60 cm
CMS[64]T | 19.7 b~
cT = 2 cm
Displaced leptons CMS |65] 2.6 b ! DL
ATLAS [66] | 139 fb~! eT = H cm
Displaced vertices + MET ATLAS [67] | 32.8 fbh1 cT &= 3 cm DV+MET
Delayed jets + MET CMS |6§] 137t | er=~1—=3m | DJ+MET
Displaced vertices + p ATLAS [69] | 136 b~ ! cT = 3 cm DV-+pu
Displaced dilepton vertices ATLAS [70] | 328 fb™! | er~1 -3 em DLV
Delayed photons CMS |71] 774 fh1 cra~1m D~
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Freeze-in contribution diagrams
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IR freeze-In (renormalizable operator)
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Inflationary reheating
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