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VBF production and Higgs decays

jets with high ∆ηjj and high dijet mjj

λ and λD with high pT

λD detected indirectly through pmiss
T
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The CMS detector

√
s = 13TeV and L = 130fb−1
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CMS features

B = 3.8T

Tracker that detects up to |η| < 2.5

EM calorimeter and Hadron calorimenter that detects up to |η| < 3.0

Forward calorimeters extend detection up until |η| < 5.0

Muon chambers detect up to |η| < 2.4

Two level trigger system

L1 - 100kHz in 4µs

HLT - 1kHz before data storage
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Data samples and event reconstruction

Processes Program
VBF, ggH, tt̄γ, VVV, WZ, WW, ZZ POWHEGv2

W+jets, Z+jets, γ + jets, W (lν) + γ, Z + γ MADGRAPH5aMC@NLO

H → γγD , Parton Shower, Hadronization Pythia

Table: Monte Carlo Simulations

Simulation for H: mH = 125, 150, 200, 300, 500, 800, 1000GeV

All events are processed by Geant4. Pileup interactions added with a
distribution that matches observed results (23 for 2016, 32 for
2017-18)
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CMS particle flow

Information from subdetectors → Reconstruction and identification

Jets analysed: pT > 30GeV and |η| < 4.7

Pileup mitigated by charged-hadron subtraction technique

Electrons reconstructed from ECAL energy clusters, with with
|η| < 2.5 and pT > 10GeV

Muons reconstructed from tracks in muon system, with |η| < 2.4 and
pT > 10GeV

Photons reconstrcuted from ECAL energy deposits, with |η| < 1.47
and pT > 80GeV

Isolated photon:
∑

pT within cone of ∆R < 0.3 below some bound

Pixel-seed electron veto to exclude electrons misidentified as photons
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Event selection

Figure: Signal Region Criteria

z∗γ ≡
∣∣∣∣ηγ−(ηj1+ηj2)/2

|∆ηjj |

∣∣∣∣
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Background estimation

Main: W (eν) + jets, where the γ is a misidentified e

Larger pmiss
T , Z (νν̄) + γ/ W (lν) + γ

γ + jets, with mismeasured pmiss
T

Processes of electroweak are increasingly important with higher mjj

Normalized with control regions

Minor contributions (VVV ,VV , tt̄γ, tγ) simulated with Monte Carlo
methods.

Normalization of pathological event reconstruction with mismeasured
γ energy and of hadron as photon misidentification
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Control regions

Control Region Modifications
W(eν) + jets e selected, no γ found.

e used in place of signal γ to build kinematic variables.

Z(µ+µ−) + γ Two µ selected with a γ.
The ∆ϕjet,pmiss

T
requirement not considered.

µ added to p⃗miss
T to emulate the signal topology.

W(µν) + γ µ selected with a γ.
µ added to p⃗miss

T to emulate the signal topology.

γ + jets ∆ϕjet,pmiss
T

< 0.5.

Table: Control Regions
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Event Selection

mT =
√
2pmiss

T pγT
[
1− cos

(
∆ϕ(p⃗miss

T , p⃗γT )
)]
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Uncertainties

With signal: mH = 125GeV , σ = 0.05σSM

No signal: σ = 0
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Results

(a) 0-500GeV (b) 500-2500GeV
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Results

Rui Miranda (FCUP) Dark photon search July 10, 2024 13 / 15



Results

Limits σVBF up to 160fb(2fb) for mH = 125GeV (1000GeV )

Upper for limit for branching ratio of 3.5% for mH = 125GeV
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The End
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