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Dark sector bounds are often presented in terms of the 
mixing parameter ε.

Similar or stronger exclusions in a wide range of dark photon 
masses compared to other experiments.
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The scalar portal assumes mass-dependent 
Yukawa couplings between the mediator S 
and the SM particles.

Ø Heavy-flavor-induced processes drive 
the production of the scalar mediator
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Simplified Dark Sectors: Spin 0 – Dark Higgs
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Simplified Dark Sectors: Spin 0 - PS & ALP 
<latexit sha1_base64="q8G9kYRpZ4+IosgQ4VtK1Os7y4I="></latexit>

g �

g

P/a

�

yt or ⇤�1 yDM

Pseudoscalar and scalar have similar sensitivities at the LHC, but:

Ø DD bounds have PS-mediator suppressed: depends on the square of the velocity of the DM
Ø ID bounds have the sensitivity to PS-mediator DM annihilation is enhanced. 

The ALP portal and the PS portal can be directly translated between each other! 
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Simplified Dark Sectors: ALP Sensitivity 
ALPS that couple to photons in PbPb Ultraperipheral Collisions:

Ø The production of an ALP (γγ → a → γγ) would modify the rate of (γγ → γγ) 
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But nature could be more complicated …
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Extended Dark Sectors: 2HDM+a
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Assumes SM Higgs boson is part 
of an extended Higgs sector with 
two complex Higgs doublets 

14 independent parameters.. 
but reduce to 5 free parameters

Ultra-violet complete and renormalizable
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The exotic decay h → aa is 
possible for very low ma:

Ø including invisible, semi-
visible, and visible final states!

Ultra-violet complete and renormalizable
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Extended Dark Sectors: Hidden Valleys
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Simple strongly coupled DS with 
Ncdark = 2 and Nfdark = 2 connected via Z’

Ø Production of stable hadrons can be 
suppressed leading to an invisible 
fraction
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Dark mesons can travel long distances 
before decaying into SM particles. 

Ø Unique analysis technique: using the 
muon detector as a sampling 
calorimeter to identify showers 
produced by the decays of LLPs

0 200 400 600 800 1000
|z| decay position [cm]

100

200

300

400

500

600

700

r d
ec

ay
 p

os
iti

on
 [c

m
]

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

C
lu

st
er

 e
ffi

ci
en

cy

MB1

MB2

MB3

MB4

Solenoid

HCAL
HCAL

M
E1
/1

M
E1
/2

M
E1
/3

M
E2
/1

M
E2
/2

M
E3
/1

M
E3
/2

M
E4
/1

M
E4
/2

CMSSimulation



Conclusion

Zeynep Demiragli – LHCP 2024, Boston
24


