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pMSSM in a nutshell
MSSM is an extension of the SM with a minimal 

set of 124 (105+19) parameters. A 
phenomenological approach would be daunting 
with such a large number of free parameters 

coming from the theory

By making few assumptions it is possible to 
reduce the number of parameters to 19 

parameters coming from SUSY sector.  We 
assume

➡No new source of CP violation
➡No FCNC
➡First and second Generation universality

The free input parameters  are:

➡tanβ: ratio of vev of Higgs doublets
➡MA: mass of pseudoscalar Higgs
➡μ: Higgs-Higgsino mass parameter
➡M1, M2, M3: wino, bino, gluino masses
➡5 1st, 2nd generation sfermion masses
➡5 3rd generation sfermion masses
➡At, Ab, Aτ: trilinear couplings in 3rd generation
➡(gravitino LSP)

The higgs doublet and Bino parameters are 
determined through EWK symmetry breaking.

The reduced number of parameters makes the 
pMSSM a theory with a greater predictability 
than MSSM.
Only a reduced set of parameters become 
interesting when looking at a single sector of 
the model2
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Combination Strategies
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ATLAS analysis overview
ATLAS interpreted many results in pMSSM 
scenarios, multiple final states were sought 

after considering both EWK productions and 
Strongly produced SUSY particles. Results are 
obtained in 2-d slices of pMSSM space, with all 

the other parameters fixed or decoupled

Exclusion limits are obtained through a 
frequentist approach: CLs interpretation

Similar analyses have been combined to extend 
sensitivities in some sectors

Combination schema

Analysis 1: yields, 
systematics

Analysis 2: yields, 
systematics

Systematics 
correlated

Combined 
analysis

Limit extraction

Results from 5 searches will be presented in 
this talk

➡EWK production :2+3 lepton final state 
combination
➡EWK production :2τ final states
➡3rd generation: stop, sbottom searches
➡33d generation: 1 lepton + stop
➡inclusive squark gluino searches 4
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CMS Overview
CMS made a global fit of its searches for SUSY 

with a pMSSM reinterpretation.
Not a reinterpretation of all single analyses. 

Data from 7TeV and 8TeV samples combined

Bayesian approach: priors are taken from 
existing results

A posterior probability distribution assesses 
the impact of CMS searches on the pMSSM 

parameter space

HT+MHT: ≥3 jets and MET, targeting gluino 
and squark production with long hadronic 

cascades
HT+MET+b-jets: ≥3 jets ≥1 b-jets, focused on 

gluinos decaying to 33d generation particles
EW production: targets neutralino, chargino, 

and slepton pair production
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Statistical Method
Need to distinguish between S+B hypothesis 

(H1) and Bkg only hypothesis (H0), two 
Likelihood for each hypothesis are built and a 

score Z is defined as

Z can be considered the equivalent of the 
frequentist sigma of exclusion Z>0 means 

observation significance Z<0 exclusion 
significance

In case of overlapping datasets, where the L 
can’t be factorized the most significant Z from 

the largest non overlapping sample

Z = sign(lnB10

p
2| lnB10|)

HT+MET+b-jets 7TeV analysis present 
overlapping regions and so only the most 

significant region is considered for likelyhood 
for the combinations

Some of the regions of different analyses at 
different energies present overlapping dataset, 
like 8TeV HT+MET+b-jets and HT+MHT, in 

this case the combination is done by combining 
the Z scores of the two analyses independently
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B10(✓) = L(DCMS |✓, H1)/L(D
CMS |✓, H0)
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ATLAS results
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EWK searches: 2L+3L 
final states

2L

3L

The results were obtained by combining 
the most sensitive signal region for each 
analysis. 

Limits were extended w.r.t. previous 
ATLAS results and single analysis for 
both decoupled slepton scenario and 
scenarios with right handed sleptons

JHEP04(2014)169

No Sleptons

sleptons

3l only
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EWK searches: 2τ final 
states

Combination of 4 different processes.

At fixed stau mass low M2 region is not excluded due to 
compressed spectra for the final state particles.

Direct stau production dominant in the High M2 mass

Light Chargino and Neutralinos are excluded in the range of 
150-350 GeV.

JHEP10(2014)096
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http://link.springer.com/article/10.1007/JHEP10(2014)096
http://link.springer.com/article/10.1007/JHEP10(2014)096
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3rd Generation 
searches: t and b~ ~

stop-sbottom-higgsino triplet model

Combination of 5 different final states: t+0lepton, t
+1lepton, t+b, t+Z+2t, g+3b, t+c final states coming 

from stop and sbottom chain.

Interpreted in naturalness inspired pMSSM, low μ, 
stop mass <1TeV, spectrum defined by 2 

neutralinos and 1 chargino of mass of O(μ)

The abundance of light SUSY particles allow for a 
large number of possible decay chains

The combination is obtained by selecting the best 
CLs for each scanned point among the different 

analyses 10

arXiv:1506.08616v1
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3rd Generation 
searches: t + 1lepton
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~

27 pMSSM models were considered varying stop and 
neutralino masses and stop BR. Final states with 1 lepton 

and multiple jets were considered

JHEP11(2014)118

http://link.springer.com/article/10.1007/JHEP11%282014%29118
http://link.springer.com/article/10.1007/JHEP11%282014%29118
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Inclusive q, g~

Only left handed first and second generation squarks, lightest two 
neutralinos, and chargino, considered kinematically accessible.

gluino masses between 1.6TeV and 3.0 TeV
All other particle decoupled at 5TeV
h is set to be SM and have SM decays

Analysis look for high PT jets with no leptons in the final states

For each M1 M2 choice of parameters a combination of all 
the considered gluino masses (1.6, 2.2 3.0 TeV) is 

considered, and results are combined for 0L+4j and 0L+5j 
final states

~

12



Alberto Cervelli
Universität Bern

EPS-HEP
Vienna 22-29 Jul ’15

CMS results
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Combination Results

By looking at Z score for each point 
considered in the analysis we can calculate 

the fraction of pMSSM space which is 
excluded

Z=-1.64 correspond to 95% exclusion

HT+MHT HT+MET+b

EW

Combination

14

CMS-PAS-SUS-13-020
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Survival probabilities

In the same way the survival 
probability for each value of each 
parameter of the pMSSM space 

may be evaluated for the 
combinations
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Conclusion
• ATLAS and CMS have pursued a large number of searches for 

SUSY particles interpreting their results in pMSSM scenario

• Neither ATLAS nor CMS found evidence of SUSY particles 
and were able to greatly reduce the available parameter 
space of pMSSM parameters

• ATLAS pursued a frequentist approach and interpreted every 
single group of final states in the pMSSM framework while 
CMS made a global fit of its searches to study the analysis 
impact on the pMSSM searches

• Combinations of different analyses at different energies 
enhance significantly the discovery (or rejection) reach of the 
LHC in SUSY searches 
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Backup
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3rd Generation 
searches: t and b
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