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Introduction
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Dark Matter

• Favorite collider candidate: WIMP

• Weakly interacting, massive, stable 

General collider strategy

MET

X = , W, Z, H, g, t 𝛾, W, Z, H, g, t

Non-interacting particles cause momentum imbalance in the 
transverse plane of the beam
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Challenges with Missing Transverse Momentum 
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Simplified Dark Matter Models

• Dark matter production in pp collisions described using “simplified models"
• Capture the essential features of a variety of DM signals through a minimal set of 

parameters

 s – channel mediators

 t – channel mediators

LHC DM Forum
arXiv:1507.00966 

Parameters:
- Spin/Parity of mediator
- Mediator mass (Mmed)
- DM Mass (MDM)
- Mediator coupling to DM (gDM)
- Mediator coupling to quarks (gq)
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MonoJet
CMS Result
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 Search for physics with particles that decay invisibly in 
association with a jet

 Search is performed in MonoJet and MonoV categories and 
combined
MonoJet: Jets come from the 
fragmentation of a single 
quark/gluon

MonoV: Jets come from a 
hadronically decaying V 
(W/Z) boson 

Several new physics models predict such an 
experimental signature at the detector

August 29th, 2023
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MonoJet
                                                               
Signal Region: Jets + MET

Background: Z/W+jet, top, dibosons, 
multijet

• At least one high pT central jet

• Veto events with leptons (e, ) and photons  𝜇,𝜏) and photons 
𝛾, W, Z, H, g, t

• MET (Hadronic Recoil) > 250 GeV

• Events are broadly categorized in mono-jet 
and mono-V based on leading jet pT

o Mono-V: Jet pT (AK8) > 250 GeV 

o Mono-jet: Jet pT (AK4) > 100 (150) GeV

We employ semi-data driven technique, 
supported by statistically independent 
control regions (1e , 2e/𝜇 /𝜇, t, 𝛾, W, Z, H, g, t), to constrain 
the normalization of SM backgrounds

Data/background predictions in Control Regions

CMS Result
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MonoJet Signal Extraction 
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Monojet in SR

Selection
pT

miss > 250 GeV, monojet+ 
monoV
Madgraph generator for major 
bkgs
22 bins
5 CR (2 W, 2 Z, 1 photon)
regions split by year
3x22 free floating parameters 
for monoJet + 3x7 for monoV 
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MonoJet Results
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Comparing to the rest of the world
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Comparison to direct 
detection experiments

Axial-vector mediator results are 
translated into 90% CL exclusion limits 
on the spin-dependent WIMP–nucleon 
scattering cross section SD as a function  𝜎SD as a function 
of the WIMP mass

ATLAS provides WIMP annihilation 
rate as a function of WIMP mass 
[backup]
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Mono-Z Search
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Eur.Phy.J.C.81(2021) 13
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Mono-Z Comparison
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 For Simplified DM model  (Vector)                                 For 2HDM+a model 
Mediator mass excluded upto 800 GeV Maximal exclusion ma = 350 GeV and MH = 1.2 

TeV

Eur.Phy.J.C.81(2021) 13
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Mono-Higgs
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Mono-Higgs
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Summary

 Performing  a variety of searches for new phenomena at the LHC, 
including searches for dark matter, which provide access to the phase 
space

 Presented a few new results for CMS, all of which use the full Run2 results

 No signal observed yet, but more to do! Need to look everywhere

 More exciting Run2 results will be coming out in the coming months
 Stay tuned for this and the upcoming Run3!

SHRINIKETAN ACHARYA

Thank You 
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Backup
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MonoZ : Fitting Strategy
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Higgs Portal

B(Hinv) < 27.8 (25.3)
 

Lepto-quark
Pair production: dominates below   𝜆 
< 1 TeV while single above 1 TeV

Fermion Portal: DM t-channel

Mediater mass below ~1.5 TeV 
excluded for mDM = 1 TeV

NEW

CMS PAS EXO-20-0
04

ATLAS
: arXiv:2102.10874

OTHER INTREPRETATIONS : CMS MONOJET

https://cds.cern.ch/record/2771676/files/EXO-20-004-pas.pdf
https://cds.cern.ch/record/2771676/files/EXO-20-004-pas.pdf
https://arxiv.org/abs/2102.10874
https://arxiv.org/abs/2102.10874
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Monojet comparison with ATLAS  

August 29th, 2023SHRINIKETAN ACHARYA

ATLAS-EXOT-2018-06
CMS-EXO-20-004

Exclude mmed< 376 GeV 

CMS has 
significantly 
better limits in 
pseudo-scalar 
mass exclusion

CMS and ATLAS 
pretty much 
similar limits for 
spin-1, exclude 
mediator mass 
upto 1.95 (2.1) 
TeV, for 
CMS(ATLAS), 
respectively 

- CMS produces 
exclusion in 
coupling which 
ATLAS doesn’t
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Monophoton ATLAS
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Monophoton ATLAS
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Towards Run3  
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 MonoZ
 No major hurdles, uses standard objects/triggers
 Improve ZZ control region (had low statistics in Run2)
 Use aggressive approach for theory uncertainty for ZZ
 Expand 2HDM+a results, include sin(theta) scan, as done by ATLAS

 Monojet
 In Run2, electron/photon uncertainties are the leading limitations

 Need to do in-house developments for the scale factors
 Use of most recent MadGraph which includes NLO QCD & EW corrections, should help with simulation of 

V+jets background and reduce uncertainties
 Better MET trigger turn-on could improve low-mass constraints
 For MonoV category, develop trigger which includes boosted tagging
 Reinterpretation : Publish full likelihood instead of simplified as ATLAS did for Run2 paper

 Monophoton
 Include more intrepretation, ALP could be one
 Use new madgraph samples which can include NLO QCD & EW corrections

 Hinv
 VBF 

 Recovery of the HF jets -- currently detector issues cost ~30% of acceptance
 Better trigger based on VBF + MET @ L1 / HLT, including angular cuts to reject QCD online
 Theoretical constraints for V+jets background

 Not available currently, work with theorists needed
 ttH

 Re-optimized AK8 taggers for Run-3
 Use ML to separate ttH (H->inv) from ttbar
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Dark photon
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Dark photon
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MonoHiggs bb 
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VBF+photon + MET
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2HDM+Amodel parameters
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