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Overview 

Idea:  
In most cases 
recent SUSY 

limits are given  
within 

simplified 
models 

Short 
comings:  

• Typically 100% 
branching ratio 
and other 
assumptions  

• No SUSY 
backgrounds 

What 
happens in a 
full model ? 
• Multiple decay 

chains 
• Multiple 

production 
modes 

What can we 
learn at  

LHC and ILC 
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Considered Models 

 Pick a full model 
o  SUSY model considered here* 

o   pMSSM with small             mass difference 
è    -coannihilation scenario = STC 

o  Consistent with recent observation e.g.: 
o  Relic density 
o  Direct dark matter searches 
o  Higgs at ~125 GeV 

o  Choose different       masses to get 4 models 

!τ
!τ − χ1

0 −

Model name Mass parameter/GeV          mass/GeV           NLO 

STC4             400          293 12.7 pb 
STC5             500          416   3.3 pb 
STC6             600          527   2.0 pb 
STC8             800          736   1.6 pb 

!t1

!t1

* see arXiv:1307.0782 
 

σ pp−14TeV
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STC4 Spectrum – Branching Ratio > 10% 
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Considered Models 

o  Models differ only by mass of 
o  STC4: largest direct stop production cross section 
o  STC4-STC8: direct stop becomes equal to ≈2*σsbottom 
o  STC8: Ewkino production cross section dominates 
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STC – Specrtrum below 500 GeV 

o  Rich pattern of decay channels at low masses 
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Used Simulations 

o  Snowmass 2013 studies for an LHC at 14 TeV 
o  3 pile-up scenarios: no/50/140 pileup events 
o  Massive HT-binned background production 

o  arXiv:1308.1636 

o  Delphes fast detector simulation 
o  Averaged ATLAS and CMS Detector 
    = Combined Snowmass Detector  
o  arXiv:1309.1057 

o  Private production of STC model points 
o  STC4,5,6 and 8 
o  1 million events each 
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Example LHC Searches @ 8 TeV 

o  Atlas stop search with full-hadronic final states                     
(ff’ soft)                                       ATLAS-CONF-2013-001     

     based on ATLAS-CONF-2012-165                )  
 

o  CMS stop search with a single lepton final state             
(CMS-SUS-13-011)  

o  Electroweak production:   
    Same-sign lepton analysis in CMS-PAS-SUS-12-022 

The toy searches are inspired by the following LHC analyses: 
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STC4 - Visibility at 8TeV 

o  Stop at ~300 GeV ? 

o  Would that have 
been seen already? 

ATLAS-CONF-2013-001 

STC4(95,293) 
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Full-Hadronic Analyses (0-Leptons) at 14 TeV 

o  Cut and Count analysis  
o  Lepton veto (no lepton pT > 10GeV identified) 
o  At least 3 hard jets (pT >120GeV, >70GeV, >60GeV) 

o  At least 2 b-tagged jets 

o  ΔΦ(MET,leading jets)>0.5 

o  Cuts tightened for 14TeV conditions: 
o  HT>1000GeV 

o  MET/(MET+HT)>0.2 

o  MET>750GeV 
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STC4 Visibility at 8TeV 

o  Our analysis (following ATLAS-CONF-2013-001) sees 
STC4 at the edge of discovery 

o  ATLAS interpretation is within 
o  A simplified model with 100% branching ratio for  

o  Small mass difference                 = 5 /20 GeV 

 

 

*Boost corrected cotransverse mass 

* 

!t1→ bχ1
+

m
χ1
+ −mχ1

0
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STC4 Visibility at 8TeV 

o  Stop at ~300 GeV ? 

o  Would that have 
been seen already? 

o  Our Δm=105GeV 

 

ATLAS-CONF-2013-001 

STC4(95,293) 
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Full-Hadronic Analyses (0-Leptons) at 14 TeV 

o  Cut and Count analysis  

o  Lepton veto (no lepton pT > 10GeV identified) 
o  At least 3 hard jets (pT >120GeV, >70GeV, >60GeV) 
o  At least 2 b-tagged jets 
o  ΔΦ(MET,leading jets)>0.5 

o  Cuts tightened for 14TeV conditions: 
o  HT>1000GeV 
o  MET/(MET+HT)>0.2 
o  MET>750GeV 

o  Pileup mitigation:  
o  Jet area subtraction 
o  Missing transverse energy from pileup corrected objects(jets,leptons) 
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Full-Hadronic Analysis (0-Leptons) at 14 TeV 

C
ut flow

 

FOM 

* 

*Boson = W and Z, 
 sum of bgrds = ttbar+jets,Boson+jets,Diboson,Single Top 

* 

300fb-1, 50 pileup events 

50PU 

0 PU 

o  #events nicely follows    mass – we do indeed select  
o  No strong dependence on pileup 

o  Also true for 140 pileup events (results given in our paper) 

!t1 !t
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Figure of Merit 

sexcl = S / S +B+δ(S +B)sys
2

sdisc = S / B+ (δB)sys
2

In the following the sensitivity for 14TeV 300fb-1 is shown 
For our 4 STC models and the 3 example analyses. 
 
o  Observed number of events as test statistic 
o  Sensitivity for discovery (exclude background-only hypothesis) 
 
 
  
o  Sensitivity for exclusion (exclude B+S hypothesis) 

o  We considered for each analysis a standard and an optimistic scenario for 
the systematic uncertainties.  

o  Standard = what have been achieved now 
o  Optimistic = educated guess 

o  A really scientific approach for what will be possible is difficult 
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Full-Hadronic Analysis (0-Leptons) at 14 TeV 

o  Results for 300fb-1 with 50 pileup events 

o  Systematic uncertainty is crucial for discovery and exclusion 
sensitivity  

 

5σ 

3σ 

sys. uncertainty 
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Full-Hadronic Analysis (0-Leptons) at 14 TeV 

o  Discovery only at 15% systematic (optimistic scenario) 
o  but only STC4 (lowest m)  

o  The analysis does not profit much from increased luminosity   
 

5σ 

int. luminosity 

25% sys. Uncert. 15% sys. Uncert. 
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Single Lepton Final State (1-Leptons) at 14 TeV 

Cut and Count analysis with typical cuts for a leptonic search 
o  Lepton(e/µ)  pT > 10 GeV  
o  At least 3 jets  with pT > 40 GeV 
o  1 or 2 b-tagged jets 
o  ΔΦ(MET,leading 2 jets) > 0.5 
o  MT > 120 GeV 
o  To protect against di-leptonic      bgrd.: 

o  MT2
W > 250 GeV (arXiv:1203.4813) – had been used by CMS  

o  Topness > 9.5 (arXiv:1212.4495) - turns out to be most efficient 
o  Cuts tightened for 14TeV conditions: 

o  HT>500 GeV 
o  MET>500 GeV 

o  Our most successful analysis 

tt



Dirk Krücker  |  LCWS13  |  12/11/13  |  Page 19 

]-1int. luminosity [fb
1 10 210 310

]
σ

D
isc

ov
er

y 
se

ns
iti

vi
ty

 [

0

2

4

6

8

10

12

14
50 pileup events

STC4
STC5
STC6
STC8

/B = 0.25sysBδ = 14 TeV, s

1-lepton analysis

]-1int. luminosity [fb
1 10 210 310

]
σ

D
isc

ov
er

y 
se

ns
iti

vi
ty

 [

0

2

4

6

8

10

12

14
50 pileup events

STC4
STC5
STC6
STC8

/B = 0.15sysBδ = 14 TeV, s

1-lepton analysis

Single Lepton Final State (1-Leptons) at 14 TeV 

o  Results for 50 pileup events 

o  Discovery already at 25% systematic uncert. for STC4/5 
o  With improved systematic uncertainties all STC models visible  
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LHC: Search for EWkinos (2-Leptons) at 14 TeV 

o  Search for same-sign leptons coming from: 
o   ~                                             
                                                       (STC4-8: ~75%) 

                                                       (STC4-8: ~69%) 
o  Leptonic τ decays: at least a same-sign lepton pair + additional lepton  
o  Selection: Z-veto & b-jet veto & Missing Energy Cut 

o  Rough comparison to same-sign analysis in PAS-CMS-12-022: 
o  CMS gives complex set of interpretation in simplified models 

o  Flavour(eµτ) democratic , τ enriched, τ dominated 
o  Slepton mass relative to                mass (0.05,0.5,0.95) 

o  Becomes simple if we reproduce the analysis: 
o  At 8 TeV STC4 signal yields less than 10 events 
o  11 are observed in data (compatible with bgrd. expectation)  

 

pp→ χ2
0χ1

±

χ2
0 → !τ τ → τ τ χ1

0

χ1
± → !τυτ

χ2
0, χ1

±
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LHC: Search for EWkinos (2-Leptons) at 14 TeV 

50 PU 

0 PU 

o  #events independent of     mass – we do indeed select Ewkino part 
o  No strong dependence on pileup 

o  Also true for 140 pileup events (results in paper) 

!t1
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LHC: Search for EWkinos (2-Leptons) at 14 TeV 

o  Results for 300fb-1 with 50 pileup events 
o  No sensitivity 

o  Not even in optimistic scenario with 20% sys. uncert. 
o  Needs control of sys. uncert. in the order of a few%  

 

5σ 
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int. luminosity sys. uncertainty 
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ILC: Precision Analyses – Example  

o  Cross section ILC@500GeV: 
o  All sleptons and bosinos can be produced with reasonable cross section 

(inclusive for both polarization about 3 pb) 
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ILC:      Measurements  

o  Yellow: signal, red: SM bgrd, green: other SUSY bgrd. -  ->SUSY bgrd ~free<- 

o  Very clear signal after few cleaning cuts – 

o   4% error for cross section measurement 

o       mass can be measured with precision of 200 MeV 
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ILC:      Measurements  

o  Yellow: signal, red: SM bgrd, green: other SUSY bgrd.     

o       mass can be measured as well with precision of 5 GeV 
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ILC:      Helicity 

o  Pion/jet energy differs for different      helicity τ
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c)

Both     leptons right-handed τ Both     leptons left-handed τOpposite helicity 

o  Eπ/Ejet 
o     polarization: depends on mixing angle i.e. amount of higgsino and 

gaugino eigenstates of   
o  Gaugino and sfermions conserve chirality   
o  Higgsino: Yukawa coupling flips chirality 

χ1
0τ
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Conclusions – Full Results in arXiv:1307.8076 

o  Full SUSY ‘Real world’ models may escape existing 8TeV limits 

o  LHC@14TeV/300fb-1 will be able to observe all 4 studied STC models due to the light third 
generation squarks but 

o  Sensitivity strongly depends on how well we will be able control of systematic uncertainties 

o  Low sensitivity to EW sector at LHC due to challenging    decays 

o  LHC: good for the discovery of colored states  - ILC: precise measurement of EW states 

o  At ILC@500GeV all sleptons and bosinos with masses low enough to be produced with ILC 
energy have reasonable cross section to be measured, e.g.:  

o     coannihilation hypothesis can only be tested with additional measurements from ILC 

o  Mass measurements of      and   

o  Measurement of      helicity gives access to             composition 

o  ILC needed for searching Dark Matter   

!τ

!τ
!τ1 !τ 2

τ χ 0
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Appendix 
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Example Control Plots 

o  Full-hadronic analysis 

o  HT (scalar sum of the jets) and missing transverse energy after jet and b-jet 
requirements and lepton veto for 50 pileup events 

o  Typically     + jets is the dominant background for stop searches  tt
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Cross Sections – STC4…STC8 
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LO Cross Section
NLO Cross Section 

o  LO Phythia6,  NLO Prospino* 
o  STC4 dominant contribution 

from direct stop 
o  Ewkino dominates in STC5-8 

*Prospino 2.1 with private patch for 33 TeV 
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Sub-process Cross Sections STC8 

o  Gluino-gluino production ~0.2 fb 
o  Expect ~600 events at 3000/fb  
o  Direct production of first 2 

generations ~20fb  
o  60.000 events  
o  expect more sensitivity 

for these (e.g. search for 
high-energetic jets and 
MET, no b-tags)  

o  Ewkino production dominates 
  

*Prospino 2.1 with private patch for 33 TeV 
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STC4-8 in CMS Ewkino Analysis 


