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Search for sleptons and charginos at
CMS

llya Bobovnikov on behalf of the CMS
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LSP co-annihilation with light stau could bring the neutralino relic density

to the observed value

SUSY can explain ~30 deviation of muon g — 2
from SM prediction — light electroweak sector
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LEP results

Vs = 183-208 GeV ADLO Preliminary
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LEP put strong limits on

slepton masses
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LHC Run1 results
Smuon and Selectron
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ATLAS (arxiv:1407.0350)

Only one additional point
excluded at 8TeV @ 20 fb™
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Limits up to 270 GeV for

Left-handed scenario

95% GCL upper limit on cross section



All results are based on 36 fb-' of data collected at Vs = 13 TeV during
2016 at the CMS experiment

= Stau production
- search in the all-hadronic tau decay final state

(EBY SUS-17-003

_— search in semi-hadronic and leptonic tau
NEW! decay final state (uz,, et,, eu )m

I

= Smuon and selectron production

~ search two opposite-charge, same-flavor
NEW! (OCSF) leptons (u* ui”, e'e”) [NEREANN

I\ I\
\

Tt

=

=

=1
=Oo

=1
=O



Selection
@ Opposite charge pair of identified isolated taus

@ No additional leptons

@ Number of b-tagged jets = 0

Background estimation

@ Z+jets: Check DY mass and pT spectrum in dimuon CR
and correct the simulation for any discrepancies

@ QCD, W+Jets: Background if jet fakes tau - fake rate
derived in same sign data events and parameterized as

function of pT and decay mode
@ Other rare backgrounds taken from simulation
3 Signal regions
low mass high mass

40GeV < M < 90GeV  40GeV < M1y < 90GeV Mt > 90GeV
XMt > 350GeV 300 GeV < XMt < 350 GeV 1Ap(11, 1) > 1.5
EMiss > 50 GeV Emiss > 50 GeV
Ap(11,1)| > 1.5 Ap(I1, )] > 1.5
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SUS-17-003

Interpretation is done for three different helicity scenarios
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@ Direct stau production not yet excluded due to low
cross section

@ For left-handed stau of around 125 GeV and a

Maxamally mixed scenario

massless LSP we exclude 1.5 times the expected B
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Selection
Opposite charge pair of identified isolated leptons

Rest-1.2 %

No additional leptons //tfh

Qe
0.,40
0o

Number of jets < 1, number of b-tagged jets =0

@ /Z+jets and top pair production: shape from MC is corrected by

Background estimation % 4 y
%.%

o
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data in dimuon CR and scaled to normalization from data CR €'L'

Rest-1.2 %

Jets misidentified as 7, (only for u7, and et)) MC

and QCD muiltijet (only for eu): shape is SRR
estimated from data CR and transfer factor
is calculated as a ratio of normalizations

in from orthogonal CRs

- Data =i FTA00) (1)
i TIN5 s O0F()
- TTlets singleTop
by [0 mista <

DY —sup/ee B rest

Entries / bin
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Other rare backgrounds taken from
simulation




132 search bins are defined with kinematic variables and jet multiplicity
For C1N2 interpretation 115

- X1
-~ .. 30
T~ = \ X1
—
CMS Preliminary 359" (13 TeV)
o 20
£ r
©
% 181
c [ #Observed
s r -
=16 me =1Gev - Expected
E T +o Expecled
d 14 +20 Expected
2 r
& 12
10

200

250
m;. (GeV)

ms (GeV)

mﬁ) + x(m%g — m?a))

p

OCCMS Preliminary 35.9 fo™ (13 TeV)

pp—)ifﬁ—)"fv”ﬁ

BR(, > 19)=1
— Observed
=== Expected

,m = 0.95mit+0.05mio
NLO+NLL exclusion

t 10,

periment

e s
rrrrrr

|
95% CL upper limit on cross section [pb]

@ No significant deviation in any signal region
@ Exclude N2 and C1 decaying through staus below 550 GeV

@ Direct stau production not yet excluded due to low cross section
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@ For left-handed stau of around 90 GeV and a massless LSP we exclude 1.5 times the

expected SUSY cross-section.
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Selection

muons or electrons

@ No additional leptons

@ Number of jets =0

@ Opposite charge pair of identified same flavor

Background esti

mation

@ Top and W pair production (flavor symmetric):

Background yields are estimated
CR

from opposite flavor

@ ZZ and WZ: Shape from MC is validated and
normalized from data derived from CR
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4 Signal regions
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SUS-17-009

Interpretation is done for three different helicity scenarios

CMS preliminary 35.9 o' (13 TeV) CMS rpreiiminary 35.9 o' (13 TeV)
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+ Search for sleptons and charginos has been
presented using 36 fb! of data collected by CMS

- Direct stau production (7,7,)
CMS-PAS-SUS-17-003

- Direct and indirect stau production (u7,, e7,, eu)
CMS-PAS-SUS-17-002

- Smuon and Selectron production (u* u7, ee™)
CMS-PAS-SUS-17-009

> None of the analyses show significant deviation
from SM
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SR1 SR2 SR3
Non-prompt and misidentified taus | 0.68 Tj | 249 £1.83 <1.24
Drell-Yan background 0.80+007 <0.71 <071
Top-quark related background D.U2J_r§§ 073 £0.31 | 1.76 £ 0.68
Rare SM processes 0.7240.38 | 0.20£0.15 | 0.20 + &
Total background 2225337 | 435030 3.70 122
Left (150,1) 1.25+£0.40 | 291 £0.59 | 1.53 £0.33
Right (150,1) 1.09 £0.26 | 1.27 £0.20 | 0.74 £0.17
Mixed (150,1) 1.04 £0.22 | 1.39 £0.27 | 0.92+0.15
Observed 0 5 2




s E.___—missing transverse energy visible part
S

Tmis of chain 1
@ M., —"stransverse” mass
Mi, =  min {max [M?r(chain 1), M3(chain 2)] } < mz?_ undetected
kp+lp=tot miss pp
@ Dc — Discriminant used in legacy Higgs searches
visible part
of chain 2
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Dg = Pc,mis — P{.vis
Pl;,mis = ﬁT,mis "C-.- Pg,vis = [:I?T,e +ﬁT.,u} ) C

{ — bisector between the direction of the
electron and that of the muon

o = 0.85 (optimized value)
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Event selection

Two opposite sign (OS) leptons (ut, et, or ep) with AR > 0.3 and no
additional leptons

Met < 2 and NMytag = 0

My, ¢, > 50 GeV and Mypgym > 50 GeV (low mass-resonances rejection)

20 < My < 60 GeV or My > 120 GeV (ut, et channel) (W+jets rejection)
90 < Mye < 250 GeV (Z+jets rejection)

Pr(£4;) < 200 GeV (i=e,u, for the ey channel only)

|d;(£i)| < 0.2cm,|dyy, (£i)| < 0.045cm (non-prompt £ background rejection)
An(Jo, f1,2) < 3 (et and ut channels, 1-jet category only)

AR(Jo,T) < 4 (et and ut channels, 1-jet category only)




Bin name p7 o [GeV] | Mz [GeV] | D [GeV] | mer
p'-_,?‘EA H."frg,qﬂ'gg_ <40 <40 =-100 0
pPT AMmp DTay >40 ~-500
PT= o MaDls- | [40,80] <40 <100
PT=eMraDic =50
p‘?mgﬂu"’rzgﬂgg_ ['q-ﬂ,,BD] =-100
pT eMrapDicy =-100
pPT=eMracy Dlay =80 =>-500
P MaDla_ | [80,120] <40 <100
P7* cMraDCr >-100
p‘-}-"sscl‘""mgﬂgg_ ['q-ﬂ,,BD] <-150
prnTiss{MIQE-DgA_I_ }—15{]
PT=cMpp Dy >80 =>-500
P MaDla_ | [120,250] | <40 <100
PT=pMmaDCc, =-100
PT=pMnpeDip_ [40,80] =150
PT=pMrD(p [-150,-100]
PT pMreDlc >-100
P o M2 Dlay [80,100] | >-500
P7= o Mr2pDla; [100120] | >-500
P’?ED!“DE D€A+ =120 =-500
p‘-}-"‘“E Hr"’]'z.q+ D€A+ =250 =0 =-500

Bin name pT=[GeV] | M [GeV] | DI [GeV] | mpe
P AN D0 =40 <40 =150 | 1
P aMr24DCp [-150,100]
P7*= aMaDlp =0
PT=aMra, Dlay >40 =-500
PT=gM0aDls_ | [40,80] <-100
PT - BMraDCc <40 =50
PT=gMrpDip_ [40.80] <-100
p7**pMreDlc, >-100
pT=pgMr2g; DA, >80 >-500
PP Mr2aDlp_ | [80,120] =40 =-100
7= cMr2eDig_ [40,80] =-150
PP cMrpgDCa, >-150
PT=cMrcpDilay [80,120] >-500
PT=cMpeDlay >120 >-500
= oMmaDlg_ | [120,250] | <40 =150
PT - pMr24DCp [-150,-100]
PTpMmaDlc, =>-100
PT=pMreDip_ [40,80] =150
PP M Dl g [150,-100]
PT=pMr2eD{c, >-100
PP o Mr2cDias [B0,100] | >-500
7= Mrap Dl Ay 80,120) | >-500
P"}'“EDMI‘ZED';:A+ =120 =>-500
p'-FE_i_: M C+ D§A+ =250 =80 =-500

Table 9: Definition of combined search bins to be used for easier reinterpretation of the results.

Mot e M2 Bkg (et,) Obs. (ety) Bkg (pt) Obs (uty) Bkg (ep) Obs (eu)
0 | =120GeV | > 120GeV | 494+15+19 4 58+18+27 7.0 6.8 +224+27 ]
1 =>120GeV | > 100GeV | 108 =21 +25 9 144+ 25+ 3.1 14 97 +£244+3.0 i
1 >250GeV | =>80GeV | 1.6+09+12 0 15+09+11 1 33+£20L£23 1




P [GeV] 100-150 150-225  225-300 300+

FS bkg. 9613 153458 44738 11438
7z 135415  978+119 2844056 1.86+0.12
WZ 604+ 119  2.69+088 0.86+045 0.21+£0.20

Rare processes 069+044 068047 0.002% 00500

Total prediction 116412 284730 7937 32428

Data 101 31 7 7

my =450GeV, myg =40GeV ~ 073+£008 181012 239014 6174023
my=375GeV, my =160GeV  291+019 686029 6.06+027 525+0.26
my=250GeV, mgy =180GeV  14.04£1.02 850080 091026 0.10+0.10
159.07£1650 30414726 12954500 0.0040.00

my = 100GeV, mao = 1GeV
7 11










