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SUSY, Where Art Thou?

Hierarchy problem
Force unification
Dark matter
...
Should find SUSY near the EW scale?
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Introduction

Also consider Higgs → SUSY

pp→h x10%
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A → Zh

2HDM
Can be dominant A decay, especially for m

A
<2m

top

A is a narrow resonance in 220 – 1000 GeV

Look for Z → ll + h → bb or ττ 
      and Z → νν + h → bb

arXiv:1502.04478
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Gluino → multi-jets

Search for gluino decays to jets through RPV coupling

Dominant QCD background is estimated using templates
derived in lower jet multiplicity bins

Excess searched for with 6,7 jets or large total (fat-)jet mass

arXiv:1502.05686
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Search for eμ, eτ, or μτ resonances

RPV decays of the τ sneutrino
LFV decays of a Z'

Dominant backgrounds modeled in MC 
and checked in Control Regions

Excess searched for in mass ranges 
compatible with signal resolution
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Search for SUSY with 2l+jets+MET

Various SUSY decay chains can give 2l+jets+MET

Look at events with a Z→ll candidate
Signal Region: MET>225GeV and HT>600GeV

Main background (ttbar) is estimated from data
using eμ events with the same cuts as the SR. 
This is cross checked using the Z side-bands.

3.0σ excess (!) ... 3.0σ for ee, 1.7σ for μμ
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CMS Search for SUSY with 2l+jets+MET: on Z

arXiv:1502.06031

Recall ATLAS Signal Region: MET>225GeV and HT>600GeV

CMS has new Signal Region with Njets>2 and large MET
 - No excess seen
 - More DY background than ATLAS (from looser HT)
 - ~30% overlap with ATLAS selection
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Search for SUSY with 2l+jets+MET

Various SUSY decay chains can give 2l+jets+MET

Also study off-Z-peak range, with 2 or 4 jets,
with or without b-tags, and CMS-like selection

Recall CMS 2.6σ excess 20<m(ll)<70 GeV with 2/3 jets

CMS-like selection

(arXiv:1502.06031)
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Search for SUSY with 2l+jets+MET

Various SUSY decay chains can give 2l+jets+MET

Also study off-Z-peak range, with 2 or 4 jets,
with or without b-tags, and CMS-like selection

No excess seen in similar ATLAS selection
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Search for SUSY with 2l+jets+MET

Set limits in GGM models, 
as well as squark/gluino decays chains 
with neutralinos

3.0 sigma excess in Z+MET at 
large HT weakens limits

 Z+MET signal region off-Z analyses
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Scalar charm → cc + MET
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Scalar charm → cc + MET
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Searches for Long-lived SUSY
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Re-interpretation of Prompt SUSY Searches

What if gluino is just a little long-lived, about 1 ns? (mini-split SUSY)
Standard jets+MET SUSY searches should still apply (up to what lifetime?)

● Leptons vetos may start to fail impact-parameter cuts (when?)
● Jets will start to be identified as b-jets (when?)
● Jets may fail cleaning cuts using track pT fraction, EM fraction (when?)

First explicit re-interpretation of prompt SUSY searches for long-lived gluinos!

Gluino → ttbar 

Gluino → g/qqbar
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   JHEP 01 (2015) 068   

Stau<290 GeV, Chargino < 620 GeV
Gluino Rhadrons < 1270 GeV



Andy Haas, NYU 23

Conclusions

● Large number of new results still being derived from LHC Run 1 !
– Challenging analyses / filling gaps in previous search coverage

● Excited to finally lay hands on 13 TeV data
● New heavy states could be discovered relatively quickly!
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Backup
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h → y+MET
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h → y+MET
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CMS Search for SUSY with 2l+jets+MET: off Z
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Mono-photon + MET
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Mono-photon + MET
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Gluino → multi-jets



Andy Haas, NYU 33

Charm tagging
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1 or 2 leptons + jets + MET
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1 or 2 leptons + jets + MET
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1 or 2 leptons + jets + MET
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1 or 2 leptons + jets + MET
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Mono-jet
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