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pMSSM in a nutshell =

The free input parameters are:

"MSSMis an extension of the SM with a minimal |
,n‘! set of 124 (105+19) parameters.A | | ™tanf: ratio of vev of Higgs doublets
phenomenological approach would be daunting| | ™ Ma: mass of pseudoscalar Higgs

with such a large number of free parameters | | ™ H:Higgs-Higgsino mass parameter
coming from the theory | | ™M, M, M3: wino, bino, gluino masses
— - =5 |st, 2"d generation sfermion masses

’ = A, A, Ar: trilinear couplings in 3" generation |
e ——————— ———eeem | ™ (gravitino LSP)

By making few assumptions it is possible to
| reduce the number of parameters to I9 | | The higgs doublet and Bino parameters are

parameters coming from SUSY sector. We | | determined through EWK symmetry breaking. |
assume |

i =5 3rdgeneration sfermion masses |

"> No new source of CP violation | | pMSSM a theory with a greater predictability
= No FCNC | | than MSSM.

L->First and second Generation universality ,: Only a reduced set of parameters become

EPS-HEP interesting when looking at a single sector of
Vienna 22-29 Jul ’15 the model
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ATLAS analysis overview™

ATLAS mterpreted 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: CL; interpretation

Similar analyses have been combined to extend |

senS|t|V|t|es in some sectors

~ Results from 5 searches will be presented in |

this talk

=»EWK production :2+3 lepton final state

combination

"=»EWK production :2T final states

= 3rd generation: stop, sbottom searches
= 33d generation: | lepton + stop

"=»inclusive squark glumo searches

Analysis |:yields,

systematics

Analysis 2:yields,
systematics

N,

Systematics
correlated

Combined
analysis

v

Limit extraction
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CMS Overview =

A posterior probability distribution assesses
j— — — -—— | the impact of CMS searches on the pMSSM
| CMS made a global fit of its searches for SUSY | | parameter space

| with a pMSSM reinterpretation. |
Not a reinterpretation of all single analyses. |
Data from 7TeV and 8TeV samples combined HT+MHT: =3 jets and MET, targeting gluino

and squark production with long hadronic

p(6|DM5) = L(DMS9) preDCS ),

Bayesian approach: priors are taken from ‘ cascades
existing reults - | | HT+MET+b-jets: 23 jets > | b-jets, focused on |

— _— — — — — — —

gluinos decaying to 339 generation particles
O g oo, | e EW production: targets neutralino, chargino,

Nile)

| BR(b = s7) 143 44) | (355+ 023 £ 024" £ 0.097) x 1077 Gaussian MCMC CI I . CI .

BR(b — s7) [45] | (34340219 £ 0.24'™ £ 0.07%) x 104 Gaussian reweight and S epton Pal r PI"O uction
BR(B, — up) [46] observed CLs curve from [46) d(1—CLs)/d{BR(B, — up)) MCMC ‘

BR(B, - MR [47]) (29 407 £ 029'") x 1077 Gaussian n'\\'vighl

R(By ~+ 1v)[36, 48] 1634054 Gaussian MCMC

R(B, - tv)[45] 104 4+ 0.34 s Gaussian reweight

Aay [49] (261 = 6,37F £ 4.9 1 10.0°757) x 1070 Gaussian MCMC

e [S0) 1733 £ 05 + 1.3 GeV Gaussian MCMC A n 318 \/—:

m; [51] 173.20 £ O87¥™ 4+ 1,39 GeV Gaussian reweight alyb‘lb 5

my(ms) 48] 4.19'5‘,}:(;«\* Two-sided Gaussian MCMC Hadronic HT + MHT search

a,( Mz ) 48] 0.1184 £ 0.0007 Gaussian MCMC

my pre-LHC: m[™ =112 Tifmy, = mp MCMC Hadronic HT + MET + b-jets search

0ifmy < m™

™ LHC: mi™ = 120, m," = 130 Lmy™ <my <m,’ reweight Iﬁptonlc Seal’Ch fOr EW prOd. Of X ’ Xi, I

o low u
0if my < my™ ormy > m,"

sparticle LEP [52] ifallowed MOMC Hadronic HT + MHT search
masses | (via micrOMEGASs [37-39]) | 0 if excluded Hadronic HT ¥ MET + b‘jetS SearCh
Leptonic search for EW prod. of X%, ¥*, I

EPS-HEP
, 31, and 41 channel
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Statistical Method

- Need to distinguish between 5+B hypothesis |

| (H)) and Bkg only hypothesis (Ho), two |

' Likelihood for each hypothesis are builtanda | -

score Z is defined as HT+MET+b-jets 7TeV analysis present

| overlapping regions and so only the most |
Z = sign(In Bio /2| In Bio|) || significant region is considered for likelyhood

Buo(0) = L(DCMS|9. H,) /L(DM5|0, Hy) | for the combinations

Z can be considered the equivalent of the || Some of the regions of different analyses at
frequentist sigma of exclusion Z>0 means || different energies present overlapping dataset,

observation significance Z<0 exclusion | like 8TeV HT+MET+b-jets and HT+MHT, in
significance

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

=S———— . E— — = =
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WK searches: 2L+3L «
final states -
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JHEP04(2014)169

ATLAS 1
[Lot=2031" 1s=8TeV
= Observed limit (+10501) . }
Expected limit (10,,.) = N\
B LeP2 § z fao}}cm
Al imis 81 95% CL R

V 1, (200 Gev) ‘f
No Sleptohs

0 Al MEENAN NN A/ _j
100 150 200 250 300 350 400 450 500 3000

u [GeV]

M, « 100 GeV, tan |s 6, m(l ) - [mf; ) + m|] )Lz

| B \ amLas MAPALARM
The results were obtalned by comblnlng 1z e | B _oJ,ZflJ.‘.’i.f.m °,

1= ! g | "l \\ :7-5 ] ,-: ----- Ex od imit (210,
l‘ the most sensitive signal region for each ELsg < _ | : -~ |

—— ATLAS 471" 15«7 ToV -

:\.\ - 3 ; . ‘ :'.' All imis a1 95% CL
analysis. R i RN
’

o

Ldt=203M" 158 TaV

Limits were extended w.r.t. previous
ATLAS results and single analysis for | N — _
both decoupled slepton scenario and “ W M
| scenarios with rlght handed sleptons .‘

Vienna 2229 Jul 15 — C T
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100
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EWK searches: 2T final «

JHEP10(2014)096

states

| I ,",1 /

N _ — -

Combination of 4 different processes.

At fixed stau mass low Mz 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

e
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M,=75 GeV, m(%)= [m(%)) + m{E))2, tan B=50
]]ll'lTTT .n.]T]l‘llil [.lITY- | w‘[\TTT

ATLAS
2 taus, combined SR-All

[Lat=2031" 15=8TeV =

5 4
w— Observed limit (210::‘,:'
==== Expected lima (+1 Toup)
B LEP2 %" (1035 GeV)
All limits at 95% CL

AAIALLLL i ‘1‘111‘
150 200 250 300 350 400 450 500 550 600

u [GeV)

M=50 GeV, m(1,)=95 GeV, tan =50

ATLAS

2 taus, combined SR-All
[Ldt=2031" 15=8 TeV

w— Observed limit (41 6:::,:!
==== Expected limi (+1 Ogup)
EE LEP2 7 (103.5GeV) :

All limits at §5% CL
———



http://link.springer.com/article/10.1007/JHEP10(2014)096
http://link.springer.com/article/10.1007/JHEP10(2014)096

3rd Generation
searches:tand b =

arXiv:1506.08616v1
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Pammeers Other pammeer Production Typxal
Maodel name _ _ _
scanned setting s channe s decays
N 350 GeV < mypa < 900 GeV M;=3u o — I For e = 110GeV, mya = 400 GeV
:':':":':""C\\- 100 GeV < p <mys;—150GeV | my, suchthat Ms = 800GeV | pp — 7;:7:, I, = 1pV(33%); 1), — 172(36%)
pN‘l\\ M .": such that X:.‘ Mg = \"(_" I-I — bi - 1:2(1',‘ N ;P| —t !i ; C?U'( )
- by — b\ (16%): b, — bih (13%)
| stop-sbottom-higgsino triplet model 50 B+ Peir production: Natural pMSSM
| ;‘ j 1 ] T 1T7 T T T T 1T-7 I | IS I I [ S B S | _‘
| | & [ ATLAS All limits at 95% CL ]
| . . . O, o |
~ Combination of 5 different final states: t+0lepton, t | = 450 — 1s=8TeV, 20 fb’ — Observed limit (+1650or)
| +1lepton, t+b, t+Z+2t, g+3b, t+c final states coming s === Expected limit (+16,,)) -
from stop and sbottom chain. { 400[ -
: L. 350 - -
Interpreted in naturalness inspired pMSSM, low H, R .
stop mass <I|TeV, spectrum defined by 2 300 - h
neutralinos and | chargino of mass of O(H) : :
250 [~ —
The abundance of light SUSY particles allow for a 200 F 1
| large number of possible decay chains ;
150
The combination is obtained by selecting the best C 5 S S RN ,
CL; for each scanned point among the different 400 500 600 700 800 900
analyses 10 m; [GeV]
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e
221
324
368
187
211
180
232
I8T
197
373
194
304
333
206

searches: t + |lepton

Mass I()( V)

\: t
230

115
372
207
212
190
253
396
367
106
440
397
350
200

X1

220
325
367
188
206
179
24
386
197
374
195
393
335
202

6
1073
171
1515
376
1768
795
127
889
385
oUs
153
1975
573
1779

3rd Generation

xS

0.09
0.16
0.74
0.02
0.05
0.02
0.11
.88
0.03
0.32
0.03
0.9
0.65
0.09

!\.:
0.01
0.00
0.00
0.31
0.24
0.22
0.25
0.00
0.10
0.00
0.14
0.00
0.00
0.05

’\:l
0.09
0.00
0.00
0.23
0.02
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.28

Branching ratio ty =

"\x

0.81
0.84
0.26
0.41
0.68
0.59
0.64
0.12
0.85
0.68
0.83
0.10
0.35
0.59

"\-'.:
0.00
0.00
0.00
0.04
.00
0.00
0.00
(.00
0.02
0.00
.00
0.00
0.00
0.00

[T1)*

0.53
0.98
0.02
0.97
0.56
0.99
0.96
0.01
0.95
0.99
0.96
0.99
0.96
047

[Nu* |

0.96
0.99
0.9%
0.95
0.95
0.94
0.97
0.99
0.95
0.99
0.99
0.99
0.98

0.95

gr ov O
STt O
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5| &n
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202
36
)5

e}

351
249
332
36
Jx5
139
279

310
374
235
366

275

15
337
350
397
115

IRT

202
346
225
351
252
331
344
3%5
139
280

520
500
760
621
120
1496
1501
731
1007
033

0.02
0.12
0.02
0.07
0.02
0.05
0.08
0.36
0.21
0.04

0.28
0.49
0.28
0,38
0.20
047
027
0.00
0.00
0.54

0.24
0.00
0.24
0.21
0.21
0.35
0.52
0.00
0.00
0,38

0.44
0.22
046
0.35
0.44
0.13
0.13
0.64
0.79
0.04

0.01
0.16
0.00
(.00
0.13
0.00
(.00
0.00
.00
(.00

0.95
0.93
0.9
0.98
0.95
0.99
0.97
0.97
0.99
0.97

0.98
0,98
0.96
0.99
0.97
0.98
0,98
0.99
0.99
0.97

169
195

oe!
207

168
191
200

155
1969
134

0.31
0.0
0.07

0.12
0.35
0.40

0.00
0.43
0.34

0.27
0.12
0.05

0.30
0.00
0.14

0.07
(.88
0.%6

0.93
0.6%
0.70

Observed CL, significance

[
|

8

1-lepton + jets + ET
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AEC

T | 1 | T 1 T L4 T T T | L4
pMSSM models: x = BR(t, — ti?)
® m(t,7) = (400,50) Gev EH08<x<1.0

W06<x<08
= m(t,%) = (550,50) GeV W0.4 <x <06
s mi, x, %) = (550,150) Gev (302 <x < 0.4

[(100<x<0.
Slmplmed models:

° m(t,X;) = (400,50) GeV

o m(t,¥;) = (550,50) GeV

T

|
ATLAS
[Ldt=20fb"
\s=8TeV

27 pMSSM models were conS|dered varying stop and
| neutralino masses and stop BR. Final states with | lepton
and multiple jets were considered

Alberto Cervelli
Universitat Bern
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nclusive q, g

i = i — __

- 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

_—

P e g MM L] Pt
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- 1 T L T L
) - "
ATLAS Inlernad £ ok ATLAS memad
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600 I Odepton + 24 ees o £
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w0 b U‘-u.-\.).

10 TeV L me22Tev
'
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_ Mrecomenciogeal MISM § § Maducion

“Shad WL T
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~ For each M| M, 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 OL+4j and OL+5j
final states
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CMS-PAS-SUS-13-020 u

Combination Results -

p(Z < —1.64) p(Z < —3) p(Z < —5)
7—1‘6\, i HT +MMT 7 TeV. 450 8 L e MT ¢ MET ¢ bjota TToV 450 8"
HT + MHT 040 (023)] 026 (0.15)[ 017 (0.09) ‘ HT AW 0TV, 1958 L —— e b aTev 104
HT + MET + bjets | 0.19  (0.02) | 0.14  (0.02) | 0.098  (0.02) T e ; I
EW prod. y*, X%, 1 | 0.026 (0.008) | 0.011 (0.005) | 0.005 (0.002)
combination 0.42 0.29 0.19
8 TeV
"HT + MHT 045 (0.16) | 0.37 (0.16) | 030 (0.14)
HT + MET + b-jets | 0.31  (0.03) | 023 (0.02) | 017 (0.02)
EW prod. ¥*, X% 1 | 0.050 (0.019) | 0.029 (0.013) | 0.016 (0.008)
combination 0.47 0.41 0.32 HT+MET+b
7 and 8 TeV |
HT + MHT 048 (0.16) | 040 (0.16) [ 032 (0.14)
HT + MET + bjets | 0.34 (0.03) | 026 (0.02)| 019 (0.02)
EW prod. ¥+, x°, 1 | 0.055 (0.017) | 0.032 (0.012) | 0.018 (0.007) PMSSM, CMS preliminary PMSSM, CMS prelminary
combination 0.51 0.44 0.34 EWpedf £ 17 Tov, 458 1" 1} —— ocombined. 7 Tev

EWpeodf ¥ LBToV, 1950" H — combined, 8 TeV
EWpeod ' ¥ [7and 8 Tev — combined, 7 and 8 ToV

pMSSM, CMS preliminary pPMSSM, CMS preliminary

= - - e—————

By looking at Z score for each point | EW
considered in the analysis we can calculate | i«
the fraction of pMSSM space which is
excluded

Combination

Z=-1.64 correspond to 95% exclusion

e — ST

EPS-HEP Alberto Cervelli
Vienna 22-29 Jul 15 Universitat Bern
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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

Alberto Cervelli
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3rd Generation
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searches:t and b
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