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Hidden SUSY 

 Rethinking the experimental strategy for SUSY-(like) searches? 

Some personal concluding remarks 
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Looking for Hidden SUSY: 

                               Last two months: 

CERN “impact of LHC data on future colliders workshop” 
Preparation for the European strategy meeting on particle physics 

London: “Rethinking the experimental strategy for SUSY-(like) searches” 

Berkeley: “Searches for Supersymmetry at the LHC” 

Firenze: “Searching for new physics at the LHC”  

Davis: “Hidden SUSY” 

IPPP, Durham (January): “BSM 4 LHC”  



•  A special role of the third generation? Look for 
stop, sbottom, stau… 

•  Split SUSY with all fermion partners very  heavy, 
but light gauginos and gluinos  

•  Compressed spectra, so we see only soft  
particles  

•  FSU(5)-like  models, with O(10) jets. 
•  Dark Matter related searches with low jet 

multiplicities 
•  Gaugino production: Multi-leptons/no jets  
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Recent Discussions@ workshops 



•  Which model regions are we missing now and 
should we try to ’recover’.  

•  More weight on optimizing 3rd generation searches? 
•  How well do we understand ISR (TH/EXP)? 
•  Optimized lepton analyses: benchmarks? 
•  Many jet analyses (>= 8)? Many jets + lepton (ST), 

no MET, triple b-tagging 
•  Study boosted objects?  
•  Special signatures (LLPs, GMSB, stubs, kinks…) 
•  Running: few 100 pb-1 with low pile-up conditions?  
•  2012 energy: higher energy or same energy: 
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Recent Ideas@ workshops 
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LHC: ~ a year ago  



Theory Space Prior to Data  
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2011: LHC Impact 
Note that during 3-4 years BC 
(Before Collisions) we –LHC  
experimentalists- got more  
models to deal with than we  
needed… 

Some theorists found it a  
challenge to invent a model  
with signatures difficult for 
the experiments:  
heavy stable charged particles,  
hidden valley models, Quirks… 

NOW WE STRIKE BACK!!  

M. Schmaltz 

But remember that these  
are still early days!! 
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         H. Murayama  
ICFA Seminar October 2011 

How does it feel to be a (BSM) Theorist? 



Higgs Summary So Far 
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Expected 95% CL exclusion mass range:    130-440 GeV 
Observed 95% CL exclusion mass range: 145-216, 226-288, 310-400 GeV 

Combine ATLAS+CMS  (Mid November)? 
Next: full 2011 data analysis       Spring 2012? LHC+Tevatron combination? 

Example CMS 



  

A Light Higgs: Consequences 
A light Higgs implies that the Standard Model cannot be stable up to 
the GUT or Planck scale (1019 GeV)  

The effective potential 
blows up, due to heavy 
top quark mass 

The electroweak vacuum 
is unstable to corrections 
from scales Λ >> v= 246 GeV 

Allowed corridor 
but needs strong 
fine-tuning… 

New physics expected in TeV range Harigaya 
Matsumoto 
Murayama 
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Search for BSM Higgses 

MSSM Higgs → ττ   
Double Charged Higgs 

Impressive Exclusion Limits 
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SUSY Search: Jets + Missing ET Channel  

Up to masses of 1 TeV excluded for equal gluino-squark masses 
Extends the 2010 data limits by ~ 250 GeV 

Limits in CMSSM Limits in a simplified model Using 1 fb-1 



Remember: LHC, HL-LHC & HE-LHC  

CMS 

tanβ=10 

5σ contours 

       Impact of the HL-LHC 

Extend the discovery region 
for squarks and gluinos by  
roughly 0.5 TeV, i.e. from  
       ~2.5 TeV → 3 TeV  

This extension involved high ET  
jets/leptons and large missing ET 
⇒ Not much compromised by  
increased pile-up at SLHC 

m1/2 universal gaugino mass at GUT scale 
m0:    universal scalar mass at GUT scale 

~2005 



12 

  SUSY Searches (Example CMS)   

All Analyses (CMS) 
Having a large number of  
different analyses (a virtue!) 

Different approaches for ATLAS 
and CMS (healthy!) 

So far bit too much emphasis on  
“optimizing” for CMSSM (beauty 
contest?)  
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Interpretation in Simplified Models  

How to present best the experimental data? 
Clearly an important discussion with the community; see also eg CERN workshop 



Search Ranges (ATLAS) 
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Theorists Translation 
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Event with five jets and large missing transverse energy 
Total sum of transverse momentum HT= 1132 GeV   and    
  missing transverse energy  HTMiss = 693 GeV   

…Some Interesting Events… 
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Impact of LHC Summer Results on SUSY 
“Predict” on the basis of  
present data what the preferred 
region for SUSY is (in constrained 
MSSM SUSY) 

Include the 1 fb-1 SUSY searches (jet+MET), Bs→ μμ and XENON100  
χ2 probability: P(χ2) for CMSSM 
  Before EPS/LP11: 43%        Including EPS/LP11 results: <16% 

LHC direct searches significantly constrain allowed CMSSM parameter space! 

Buchmuller et al. arXiv 1110.2529  
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What is Next? 
•  Think beyond the simplest or 

most constrained models and 
optimize searches 
–  pMSSM 
–  NMSSM 
–  Degenerate mass spectra 
–  Light 3rd generation 
–  Split SUSY 
–  RPV SUSY 
–  … 

•  How much of the “theory space” 
do we really cover? May have to 
revise our searches for other 
scenarios 

•  More ideas at the LPCC 
Workshop@CERN (Aug‘11- June ’12) 

        LHC Implications for TeV scale physics 

A lot!! 
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What is really needed from SUSY 
N. Arkani-Ahmed 
CERN 1/11/11 

Papucci, Ruderman,  
Weiler arXiv:1110.6926 

LHC data 
Stops > 200-300 GeV 
Gluino > 600-800 GeV 

Natural SUSY survived 
LHC so far, but we  
are getting close 
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Beyond Minimal 
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…Or as shown here… 
J. Ruderman 
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Recasting Published Analyses 

‘Generic’ analyses in the  
experiments have a say on  
this! 
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Recasting Published Analyses 
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So SUSY is Fine! 

Off record comments…??? 

Somewhere between denial and anger right now…? 
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Model  space coverage: pMSSM studies 
Scan 107 pMSSM points with masses < 1 TeV and analyze “ATLAS” way   

T. Rizzo 
et al. 
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Model  space coverage: pMSSM studies 
Example of a ‘failure’ 
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Model  space coverage: pMSSM studies 
Particles below 1 TeV  



Compressed Spectra 
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D. Stuart 



Compressed Spectra 
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Rethink search strategies to optimize better for such scenarios  



New Analyses… 
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Multi-leptons 3 or 4 leptons →  
53 categories with low/high  
MET/HT, with or without Z veto 

Some small excesses in data in 3 lepton/Z veto  
channels but less than 2σ significance 

Multi-jets: 6 to 8 jets 

Experiments push on… 
More to come this winter! 
Based on 4.7-5 fb-1 !! 



Searches for the Third Generation 
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 Extend the searches using also to 
leptons and jets coming from b-quarks  
 Sensitive to different part of the 
SUSY phase space 

Gluinos have to be heavier than ~ 550 GeV from this search 

ATLAS-CONF-2011-98 

ATLAS-CONF-2011-130 
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Search for Gauge Mediated SUSY 
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RP Violating SUSY Searches 

Sparticle decays into 3 jets 

No signal for gluino masses up to 280 GeV 
High mass excursion is less than 2σ taking into account look elsewhere effect  

arXiv:1107.3084 
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Z’ →  tt Search 
Search in the all hadronic decay channel for the tops 
Tops are boosted for high mass Z’, jets merge 
Start from Cambridge-Aachen FAT jets and apply jet pruning to find sub-jets 
QCD background estimate from data (mistag method)  

Exclude KK-Gluons  1<M<1.5 TeV 

CMS-EXO-11-006 Particle flow an asset for this study! 



Light Top NLSP in GMSB model 
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D. Shih 



Collective RPV 

36 

RPV through interaction with new fields 

Expect many objects 
Soft?  

J. Ruderman 



Collective RPV 
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MFV SUSY 
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B. Heidenreich 

LSP 
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Channels with top also possible 

4 jets, two of wich are b’s 



Stealth SUSY 
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Small MET 
M. Reece 



Stealth SUSY 
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Long Lived Particles  
        Split Supersymmetry 
•  Assumes nature is fine tuned and 

SUSY is broken at some high scale 
•  The only light particles are the Higgs 

and the gauginos  
    - Gluino can live long: sec, min, years! 
    - R-hadron formation (eg: gluino+ gluon): 

slow, heavy particles 
     Unusual interactions with material 
     eg. with the calorimeters of the 

experiments! 

      Gravitino Dark Matter and GMSB  
•  In some models/phase space the 

gravitino is the LSP 
•  ⇒ NLSP (neutralino, stau lepton) can 

live ‘long’.. Displaceded vertices 
•  ⇒ non-pointing photons 

     Hidden Valleys , RPV,…     

⇒Challenge to the experiments! 

Sparticles stopped in the detector,walls  
of the cavern, or dense ‘stopper’ detector.  
They  decay after hours---months…  

K. Hamaguchi,M Nojiri,ADR hep-ph/0612060 
ADR, J. Ellis et al. hep-ph/0508198  



Triggers…. 
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G. Watts 



“Hidden Valley”-like triggers  

44 Maybe SUSY/New Physics is “hidden” in such topologies 
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Search for RPV SUSY  
Using events with a 
 “displaced vertex” 

No signal found 
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Search for  Stopped Gluinos 



Search for  Stopped Gluinos 

Search for Heavy Stable Charged Particles that stop in the detectors  
 and decay a long time afterwards (nsec, sec, hrs…) 
Special data taking after the beams are dumped and during beam  
 abort gaps   

95% CL Limits: Stopped Gluinos > 600 GeV, Stopped Stop quarks> 337 GeV 

CMS-EXO-11-020 
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Analyses with multi-b’s, 3 and more, (3 b-resonances?) 
Going beyond cut and count: shape analyses… 
Monojet analyses for SUSY 
Rethink Search strategies for compressed spectra. 
Leptonic MT2  
Look out for stable charginos? Stubs? Other long lived  
 particles? 
RPV with heavy flavor? Four jet resonances? 4 or more  
 leptons? Boosted jets & jet substructure analysis 
Look out for stable charginos? Stubs? 
4jet events with two b’s (stop anti-stop production in MFVS) 

Triggering remains an important concern 

Analyses relying on ISR: how well can we rely on programs like MadGraph? 

Suggestions at this workshop  
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How can LHC data be maximally useful/usable 

- Simplified models: are these really used? Suggest more  
  SMS/analysis channel 
- An experiment certified fast simulation ? Not likely  
- Acceptance maps and cuts stored with each analysis?  
 Possible (e.g Rivet) 
-  Recast of analyses? Not for some time I think… 

Data/Results Presentation  



There will be an LPC workshop on 28 November (2 p.m.) to collect all 
information regarding requests for 2012 running from the experiments in 
preparation for the Chamonix LHC workshop at the beginning of Feb. 2012.  

Machine parameters: 
- what energy ? (3.5 TeV, 4 TeV) 
- which bunch spacing ? (50ns, 25ns) 
- which beta* in IP1/5 ? (0.7m, 1m ?) * crossing angle, geometric factor, 
operational efficiency (tight collim settings!) 
- transverse emittance, bunch length? 

- Draft schedule 2012  

Next: LPC Workshop on November 28  
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Thanks! 
To the organizers of this meeting 
         The UC-Davis folks! 
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