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Search for Displaced Dimuon Vertices with the 
ATLAS Detector

Motivation

Data/MC Comparison

Analysis Strategy

Efficiencies

References

Expected Limits

Backgrounds

Preselection
- Passes at least one of the following triggers: 

- HLT_mu60_0eta105_msonly 
- HLT_mu20_msonly_mu6noL1_msonly_nscan05 
- HLT_xe100 
- HLT_j80_xe80 

- Muon Spectrometer Track Particle (MSTP): 
- MCP recommended chamber/region removal 
- isolated (ΣpT of tracks within ΔR < 0.4 of MSTP less 

than 3.0 GeV) 
- Jet overlap removal applied ( min ΔR < 

min{0.4,0.04 + 10/pTμ}) 
-  ≥ 3 η and Φ trig layers  
-  ≥  3 precision layers 
- pT ≥ 10 GeV 
- |η| < 5 
- ΔR > 0.01 w.r.t. all MuCO (loose prompt veto)  

Signal Region (SR)

- Same as CR except: 
- 0.05 < min{ΔR(Comb,MSTP)}  

- Fitted min{ΔR(Comb,MSTP)} distribution 
is integrated throughout SR to estimate 
background contribution in SR.

- At least one opposite-sign muon vertex within 
fiducial volume. 

- dmin < 10 cm  
- θll > 0.1 rad 
- 15 GeV < mll < 4 TeV 
-  0.01 < min{ΔR(Comb,MSTP)} < 0.02 
- Used to calculate SFs between MC and Data. 
- Used to fit min{ΔR(Comb,MSTP)} distribution.
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Complementary Searches

Validation Region (VR)

- Same as CR except: 
- 0.02 < min{ΔR(Comb,MSTP)} < 0.05 

- Used to calculate SFs between MC and Data. 
- Used to validate extrapolation of 

min{ΔR(Comb,MSTP)} fit.

Control Region (CR)

Dark Photon

- Z + jets (Powheg) 
- Drell-yan (Powheg/Sherpa) 
- ttbar/single top (Powheg) 
- W + jets (Powheg) 
- Diboson (Sherpa)

- Weakly coupled U(1) gauge 
group + new scalar boson. 

- Parameterized by ε/Χ 
(couplings) and mzd/mhs. 

- Implemented with feynrules/
madgraph. 

- Strong (gluino) production in 
simplified GGM SUSY model. 

- NLSP is higgsino like 
neutralino. 

- Parameterized by mg, m𝛘, c𝛕𝛘 
- Implemented with madgraph.

- Strong production of singlet 
top-like VLQ. 

- Parameterized by mVLQ and 
gVLQ. 

- Implemented with feynrules/
madgraph. 

- VLQ hadronization is not 
simulated.

Dark Photon [1] GGM SUSY [2] VLQ [3]

Dark Photon VLQ

- Search for massive, long-lived particles using multitrack displaced vertices or displaced 
lepton pairs in pp collisions at 8 TeV with the ATLAS detector. [4] 

- Search for long-lived neutral particles decaying into lepton jets in proton-proton collisions at 
8 TeV with the ATLAS detector. [5] 

- Search for long-lived, weakly interacting particles that decay to displaced hadronic jets in 
proton-proton collisions at 8 TeV with the ATLAS detector. [6]

[1] D. Curtin, R. Essig, S. Gori, J. Shelton, Illuminating Dark Photons with High-Energy Colliders. arXiv: 1412.0018 
[2] P. Meade, M. Reece, D. Shih, Long-Lived Neutralino NLSPs. arXiv:1006.4575 
[3] M. Buchkremer, G. Cacciapaglia, A. Deandrea, L. Panizzi, Model Independent Framework for Searches of Top partners. 
arXiv:1305.4172 
[4] ATLAS Collaboration. arXiv:1504.05162 
[5] ATLAS Collaboration. arXiv: 1409.0746 
[6] ATLAS Collaboration. arXiv: 1504.03634 
[7] CMS Collaboration. CMS PAS B2G-12-024 

- Efficiencies are inclusive of trigger, track reconstruction, and vertexing efficiency.

- Lifetime reweighing is applied to fully simulated MC signal samples to determine expected 
limits vs lifetime.  

- 2D contour limits will be placed in relevant parameter space for two of our benchmark models 
(Dark Photon and GGM SUSY).

- Agreement between Data and MC is better throughout CR and VR following the 
application of SFs. 

- SF maps are important for correcting trigger and reconstruction efficiency in signal MC.

- SF map is made using η and Φ of trigger 
matched muon. 

- SF map is made from events in CR + VR
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- SF map is made using. d0 and z0 of all 
MSTPs in event. 

- SF map is made from events in CR + VR A
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- Multijet (ABCD method) 
- Cosmic/cavern background (removed 

by opposite charge requirement and 
back to back removal) 

Data DrivenMC Estimate

- No SM displaced dimuon background, however, poorly 
reconstructed SM events can enter our selection.

AT
LA

S
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M
S

- Search for Displaced Supersymmetry in Dilepton Final States. [7]

CR

min{ΔR(Comb,MSTP)}
VR SR

- Comparison is made using period G of 2015 dataset (0.73 fb-1) 

f(x) = ae

�bx + (1� x)c


