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Introduction

2023/06/27

• Evidences of the existence of dark matter
• galactic rotation curve

• mass distribution of galaxy cluster

• cosmic microwave background radiation 

• Experiments for dark matter search(WIMPs)
• direct search (like PandaX)

• indirect search(like DAMPE)

• search in collider(like LHC)

• Candidate particles of dark matter:

Axion, sterile neutrino, WIMPs
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Introduction

2023/06/27

• A direct search for the decay of the Higgs boson into invisible particles(Binv) 

• Higgs boson might decay into 𝜒𝜒(BBSM)

• Complementary to indirect constraints from measurements of visible decays

• Search channel

• VBF(main channel), ggF, VH
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Data and Simulation
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• Data
• 2015-2018, 𝑠 = 13TeV,  L=139fb-1

• Triggers
• MET trigger (>70-110GeV)

• single-lepton triggers (20-26GeV)

• dilepton triggers

• single-jet triggers with jet 𝑝T thresholds (15 GeV ∼400 GeV)

• Event simulation
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Event selection
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• Signature from vector-boson fusion
• the two leading jets 

• opposite hemisphere of the detector

• more forward than jets from non-VBF

• smaller values of the azimuthal separation Δ𝜙jj

• third or fourth jet (radiation from VBF)
• smaller values of Ci

• smaller invariant mass
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Event selection
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• Event selection

• separated into 16 bins of different signal purity (𝑚jj , Δ𝜙jj )

• CRs defined in kinematic regions analogous to the SR but containing selected 

𝑍(→ll) + jets and 𝑊(→ lv) + jets events
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jet

• no lepton candidate, nor a photon

• two, three or four jets with 𝑝T >25 GeV

• 𝑝T(all jets)>140 GeV

• leading and sub-leading jets have 𝑝T>80 GeV and 

50>GeV

• not back-to-back(Δ𝜙jj < 2)

• 𝜂j1 · 𝜂j2 < 0

• large pseudorapdidity separation (Δ𝜂jj>3.8)

• large invariant mass (𝑚jj>0.8 TeV)

• MET>160 GeV
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Event selection
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Systematic uncertainties
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• Theoretical uncertainties
• matrix elements

• parton shower matching uncertainties

• the uncertainty of the proton PDFs

• for minor backgrounds from 𝑡 ҧ𝑡, 𝑉𝑉, 𝑉𝑉𝑉, and VBF(𝐻→𝜏+𝜏−or 𝐻→𝑊∗𝑊), the theoretical 

uncertainties have been found to be negligible

• Experimental uncertainties
• luminosity(1.7%)

• trigger efficiency

• the used physics objects

• electron: reconstruction and isolation efficiencies

• jets: energy scale and resolution

• pile-up tagging efficiencies
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Statistical model
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• Method: maximum-likelihood fit
• a product of terms for the Poisson probabilities

• signal region

• pile-up control region

• V+jets control region

• fake-e(mu) control region

• uncertainty 

• contain a total of 58 free parameters and 105 observed event count

• Asymptotic formulae for the CLs frequentist approach are used to set an upper limit on 𝜇 at 95% 

CL
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Results and Conclusions
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• Post-fit results of all SR and CR bins with 𝜇 set to zero, excluding the zero-lepton bins
• good agreement between the predicted and 

observed yields is observed

• fitted value of the signal strength 𝜇 is 0.053 ± 0.052
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Results and Conclusions
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• Fit result does not show any significant signal contribution

• The limit on Binv can set a limit on the spin-independent WIMP–nucleon cross section
• scale WIMP (3 · 10−43 − 1 · 10−45) cm2

• Majorana fermion WIMP (4 · 10−47 − 7 · 10−45) cm2

• vector-like WIMP (5 · 10−51 − 3 · 10−46)cm2

• The 95% CL upper limit on (𝜎VBF · Binv) is 1.0 pb at a mediator mass of 50 GeV and 

strengthens to 0.1 pb for a mediator mass of 2 TeV

previous search 0.37 (0.28) 
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Summary
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A search for Higgs bosons invisible decay was presented:

• Data(2015-2018, 𝑠 = 13TeV, 139fb-1, ATLAS)

• Triggers (MET, lepton, jets)

• Event selection ( VBF signature)

• Background estimation (𝑉+ jets  and Multijet background)

• Systematic uncertainty (theoretical and experimental uncertainties)

• Maximum-likelihood fit and Asymptotic formulae

• Fit result does not show any significant signal contribution
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Data and Simulation
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Data and Simulation
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Event selection
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• Signature from vector-boson fusion
• the two leading jets 

• opposite hemisphere of the detector

• more forward than jets from non-VBF

• smaller values of the azimuthal separation Δ𝜙jj

• Event selection
• no lepton candidate, nor a photon

• two, three or four jets with 𝑝T >25 GeV

• 𝑝T(all jets)>140 GeV

• leading and sub-leading jets have 𝑝T>80 GeV and 50>GeV

• not back-to-back(Δ𝜙jj < 2)

• 𝜂j1 · 𝜂j2 < 0

• large pseudorapdidity separation (Δ𝜂jj>3.8)

• large invariant mass (𝑚jj>0.8 TeV)

• MET>160 GeV

• CRs defined in kinematic regions analogous to the SR but containing selected 𝑍(→ll) + jets and 𝑊(→ lv) + jets 

events
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Event selection
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• no lepton candidate, nor a photon

• two, three or four jets with 𝑝T >25 GeV

• 𝑝T(all jets)>140 GeV

• leading and sub-leading jets have 𝑝T>80 GeV and 50>GeV

• not back-to-back(Δ𝜙jj < 2)

• 𝜂j1 · 𝜂j2 < 0

• large pseudorapdidity separation (Δ𝜂jj>3.8)

• large invariant mass (𝑚jj>0.8 TeV)

• MET>160 GeV
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Event selection
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