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Supersymmetry 
(SUSY) 

SUSY Search groups in 
China  (Only ATLAS):

q  IHEP SUSY Group: RPC 
SUSY Search 

q USTC/SJTU SUSY Group: 
RPV SUSY Search



SM and Beyond 

n  Higgs boson observed, SM fits the 
experimental data very well è big 
success in EW scale 

n  While has problem in Planck scale:  
-  Naturalness and “hierarchy” 

problem 
-  Unification of gauge coupling  
-  Dark Matter 
-   …… 
 

n  Need a more fundamental theory in 
which SM is only a low-energy 
approximation  è New Physics 
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SUSY Introduction 

q Establishes a symmetry between fermions (matter) and 
bosons (forces) 

q Motivation: 
o  Unification (fermions-bosons, matter-forces) 
o  Solves some deep problems of the Standard Model 
o  Provide Dark Matter candidate 
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OUR WORLD… NEW WORLD? 

Julius Wess 
(1934 – 2007) 

Bruno Zumino 
(1923 – 2014) 

(Julius Wess and Bruno Zumino, 1974) 



Great Luminosity Since 2010 

q  ~ 40 fb-1 13 TeV data (2016) 
q  The results are based on 

13-18 fb-1 @ 13 TeV (RUN2) 
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SUSY Signature & Search Strategy 

q R parity: originally introduced for stability of 
proton 

o  Conserved R parity (RPC):  
Provide Dark Matter (DM) candidate 
Typical signature: jets/leptons/photons + MET 

o  Violated R parity (RPV): no DM candidate 
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R=+1  (SM) 
R=-1 (SUSY) 

q SUSY search strategy: search for 
deviation from SM 
o  SUSY sensitive variables: ET

miss, Meff … 

o  Accurate modeling of SM background 

DM candidate	



SM Background Modeling 
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SUSY Search @ LHC  
Strong production:  
q  targeting gluinos and 1st and 2nd 

generation squarks  
q  by far largest cross-sections  
3rd generation:  
q  targeting stop and sbottoms 
q  Should be lowest mass squarks 

for naturalness reasons 
Electroweak production:  
q  targeting Electroweakinos, 

sleptons 
q  Lowest mass sparticles, clean 

signature 
RPV/LL:  
q  targeting R-parity violating 

models and long lived sparticles 
q  More exotic models 
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SUSY Search @ LHC  



Strong Production: All hadronic 
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q  ATLAS has two searches 
based on different scenarios: 
ATLAS-CONF-2016-078(SS,GG), 
ATLAS-CONF-2016-052 (Gtt, Gbb) 

q  Signal to BG discrimination 
based on:  
o  Large/medium mass split: 

Meff, MET,		
o  Compressed region: R Jigsaw 

q  >30 signal regions (SRs) 
de f ined ta rge t ing above 
different search scenarios and 
phase space 

q  CMS has several searches 
based on different kinematics: 

o  HT and Ht
miss (SUS-16-014):  

ü  binned in jet and b-jet 
multiplicity.  

ü  In each bin, bin further in HT 
and HT

miss 

o  mT2 search(SUS-16-015):  
ü  binned in HT, jet and b-jet 

multiplicity.  
ü  In each bin, look at tails of 

mT2 
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q  No significant excess observed 

All hadronic: ATLAS results 
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All hadronic: CMS results 

SUS-16-014	

SUS-16-015	

SUS-16-015	



Strong Production: leptonic signature 

n  We can also use lepton(s) to probe for strong 
production signals à suppressed hadronic 
backgrounds 

n  For single lepton FS: 
q  ATLAS: 10 SRs based on MET, Meff, mT, jet 

multiplicity  
q  CMS: binned in jet and b-jet multiplicity, LT, HT  

(50 SRs) 
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CMS-PAS-SUS-16-019	ATLAS-CONF-2016-054	

Single-leptonic Signature:  Results 

IHEP 



Strong Production: leptonic signature 
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n  If require same sign 2 leptons or 3 leptons: 
à very rare in SM à A good probe for new physics 
à Sensitive for a wide range of models (only Gtt, qqqqWW for CMS)  

 
 
 

 
 
 
 

q  ATLAS: 4 RPC+3 RPV SRs defined based on MET, Meff, Nbjet, 
targeting above specific scenarios  

q  CMS: binned in mT, MET, jet and b-jet multiplicity. In each bin, 
look at tails of HT  
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CMS-PAS-SUS-16-020	ATLAS-CONF-2016-037	

Di(Multi)-leptonic Signature:  Results 

IHEP 



Strong Production (summary) 
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SUSY Search @ LHC  
Strong production:  
q  targeting gluinos and 1st and 2nd 

generation squarks  
q  by far largest cross-sections  
3rd generation:  
q  targeting stop and sbottoms 
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Electroweak production:  
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sleptons 
q  Lowest mass sparticles, clean 

signature 
RPV/LL:  
q  targeting R-parity violating 

models and long lived sparticles 
q  More exotic models 18 



q Search for stop directly from ~t~t production 
q  Large spectrum of possible stop decays, covering range 

from low to heavy stop mass, various decay modes. 

19 

3rd Generation: stop  



3rd Generation (summary) 
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EWK Production: General Remarks 

q If coloured sparticles much heavier than 
EW partners 
o  Direct chargino/neutralino/slepton production 

q Leptonic decay modes provide clean 
signature:  
o  Many leptons (up to 4) + MET 

o  Possibly hadronic taus 

o  Low jet activity 

q EW SUSY Searches: 
o  ATLAS-CONF-2016-096(-075): 2-4 leptons 

o  ATLAS-CONF-2016-093: 2 taus (IHEP) 

o  CMS-SUS-16-024: 3-4 leptons (including taus) 
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Chargino-Neutralino Pairs: light leptons 

23 

ATLAS-CONF-2016-096 CMS-PAS-SUS-16-024	



Chargino-Neutralino Pairs: taus 
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ATLAS-CONF-2016-093 CMS-PAS-SUS-16-024	

�̃±
1

�̃0
2

⌧̃/⌫̃⌧

⌧̃/⌫̃⌧

p

p

⌫⌧/⌧
⌧/⌫⌧

�̃0
1

⌧/⌫⌧

⌧/⌫⌧

�̃0
1

�̃±
1

�̃⌥
1

⌧̃/⌫̃⌧

⌧̃/⌫̃⌧

p

p

⌫⌧/⌧
⌧/⌫⌧

�̃0
1

⌫⌧/⌧
⌧/⌫⌧

�̃0
1

�̃±
1

�̃0
2

⌧̃/⌫̃⌧

⌧̃/⌫̃⌧

p

p

⌫⌧/⌧
⌧/⌫⌧

�̃0
1

⌧/⌫⌧

⌧/⌫⌧

�̃0
1

IHEP 



Chargino-Chargino Pair & Direct Stau Pair 
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ATLAS-CONF-2016-093 

MVA: 
Phys. Rev. D 93, 052002 (2016) 

q  First measurement from LHC, No results from CMS yet 
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EWK Production (summary) 
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Search for LFV di-lepton Resonance 

Eur. Phys. J. C76 (2016) 541 

tau sneutrino >2.3 TeV 

q  search for a heavy resonance from LFV di-lepton 
(eµ, eτ or µτ) final states, like RPV SUSY tau 
sneutrino, Z’, QBH 
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USTC/SHJT 

CMS-PAS-EXO-16-001 



Long term prospects 
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ATL-PHYS-PUB-2014-010 

q  ATLAS studied long term prospects for the (HL-)LHC with 300, 3000 fb-1@14TeV 
q  Discovery potential up to 2.5 TeV gluinos, 1.3 TeV squarks/sbottom and 800 

GeV Electroweakinos, 500 GeV stau (IHEP) 
2023:~300   fb-1 

2037:~3000 fb-1 

ATL-PHYS-PUB-2016-021 

IHEP 



q ATLAS and CMS developed a vast program to search 
for SUSY. 

q No significant excess seen so far, in canonical 
scenarios, sensitivity is achieved to ~1.9 TeV 
gluinos, ~900 GeV stops and ~700 GeV EWK-inos 

ü More public results: ATLAS, CMS 

q Results with ~35 fb-1 2015+2016 data are coming 
soon, stay tuned !  

q LHC is a discovery machine, new                                       
physics may come at any time !  
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Summary 



q Exciting times 
are ahead of 
us ! 

 

q looking forward 
to the g r eat 
discovery! 

Thanks for 
your 

attention! 
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RJigsaw 

the complementary search using the Recursive Jigsaw Reconstruction (RJR) 
techniques in the construction of a discriminating variable set (‘RJR-based search’). By 
using a dedicated set of selection criteria, the RJR-search improve the sensitivity to 
supersymmetric models with small mass splittings between the sparticles (models with 
compressed spectra).  



 

p   Simplified Models: 
n   Not really a model (Br~100%, most masses fixed at high 

scales) 
n   Important tool for interpretation 
 

p Phenomenological models:  
n  pMSSM: captures “most” of phenomenologic features of R-parity 

conserving MSSM  
-  19 free parameters: M1,M2,M3 ; tan β, µ and mA; 10 sfermion 

mass parameters; At, Ab and Aτ     
-  Comprehensive and computationally realistic approximation of the 

MSSM with neutralino LSP    
n  GGM (gravitino) 
 

p Complete SUSY models: mSUGRA, GMSB … 

SUSY models: good sale in market 
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n  Gluino (squark) masses up to 1.7 TeV (1.0 TeV) are excluded 
for low neutralino masses ( ≤ 400 GeV or ≤ 300 GeV)  

n  IHEP made a leading contribution (contact person/ contact 
editor/approval talks) 

ATLAS-CONF-2016-054 
Strong production: 1L 
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n  Gluino mass <1.4-1.7 TeV and LSP mass < 850-1100 GeV are 
excluded for gluino pair production. ~b mass < 690 GeV excluded  

ATLAS-CONF-2016-037 
Strong production: SS/3L 



n  Gluino mass <1.3 TeV and LSP mass < 1 TeV excluded in RPV 
scenario. 

n  Right-handed down squark masses are probed up to md R̃ ≈ 700 
GeV in RPV scenarios.  

n  IHEP mainly contributed in SR definition and main background 
estimation in data, Gave approval talks for paper publication. 

ATLAS-CONF-2016-037 
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Strong production: SS/3L 
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n  Search for gluinos via stop or sbottom decay 
n  Final states with ≥3b-jets, MET, no or one lepton (e/µ)    
n  Signal to BG discrimination based on: Meff, MET, mT 
n  7 SRs defined targeting different search scenarios  
n  Excludes gluino masses up to 1.89 TeV for massless LSP 

ATLAS-CONF-2016-052 

Strong Production: bjets +MET 

No signif icant 
excess observed 
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n  Search for stop with 0L+(b)jets+MET (hadronic decay) 
n  Signal to BG discrimination based on: MET, mT(b), HT 
n  ~19 SRs defined, targeting specific scenarios and phase space 
n  Exclusion for m(~t1) < ~820GeV for massless LSP 
n  For the models of the associated production of DM(χ) with top pairs, 

with a global coupling of 3.5, mediator masses up to 300 GeV, and χ 
masses below 40 GeV are excluded 

3rd Generation: stop 0L 
ATLAS-CONF-2016-077 

Scale 
mediator φ 

Pseudoscale 
mediator a 

41 



n  Search for stop with 1L+(b)jets+MET  
n  Signal to BG discrimination based on: MET, mT(b), HT 
n  ~7 SRs defined, targeting specific scenarios and phase space (~3.3σ 

excess in DM_low SR) 
n  Exclusion for m(~t1) < ~830GeV for massless LSP 
n  The maximal coupling of g = 3.5 is excluded @95% CL for a (pseudo-) 

scalar mediator mass up to (350) 320 GeV assuming a 1 GeV DM mass.  

3rd Generation: stop 1L 
ATLAS-CONF-2016-050 
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n  Search for stop with 2L+(b)jets+MET  
n  Signal to BG discrimination based on: MET, mT2 
n  ~7 SRs defined, targeting specific scenarios and phase space 
n  Exclusion for m(~t1) < ~480GeV for massless LSP 
n  For the models of the associated production of DM with top pairs, 

mediator mass < 330 GeV and DM particle mass < 20 GeV excluded 

3rd Generation: stop 2L 
ATLAS-CONF-2016-076 
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n  Search for gluinos with photon +jets +MET FS (GGM) 
n  Signal to BG discrimination based on: Meff, MET 
n  2 SRs defined targeting different search scenarios  
n  Excludes gluino masses up to 1.8 TeV for for a large 

range of neutralino masses, increasing to 2 TeV in 
the case of a high mass neutralino 

ATLAS-CONF-2016-066 

Strong Production: photon +jets +MET 
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n  Search for gluinos with a Z + jets + MET 
signature 

 
 
n  There is an excess (3σ) at ATLAS Run1 

(not at CMS): obs. 29, exp. 10.8+-2.2  
n  Check it with Run2 using run1-like SR: 

Z (ll), 2jets, MET>225 GeV, HT>600 GeV  
n  a mild excess seen in Run2: obs. 21, 

exp. 10.4+-2.4 (2.2σ in intermediate 
MET) 

n  Excludes gluino masses up to 1.1 TeV 

Strong Production: Z(ll)+MET 

ATLAS-CONF-2015-082 45 



n  Search for gluinos with RPV decays to quarks 
n  Signal to BG discrimination based on: sum mass of jets 
n  4 SRs defined targeting different search scenarios  
n  In the gluino cascade decay model, gluinos with masses up to 

1000-1550 GeV are excluded, depending on the neutralino mass  
n  In the gluino direct decay model, gluinos with masses up to 1080 

GeV are excluded.  

RPV: multi-jets 
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ATLAS-CONF-2016-057 

 gluino cascade 
decay model 

gluino direct decay model 
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14-8-25 iSTEP	2014 50 

p   Solve hierarchy problem 
without “fine tuning” 
-   SUSY contributions to Higgs 

mass cancel SM contributions 
 

p   Unification of gauge couplings 
-  New particle content changes 

running of couplings 
 

p   Provide Dark Matter candidate 
-   Lightest SUSY particle (LSP) 

can be stable and only 
weekly interacting 

Some of the arguments are most convincing 
for SUSY particles at ~TeV scale 

SUSY Introduction 


