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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

@ Likelihood analysis of experimental constraints -~ #
predicts light staus arXiv:1710.11091v2

LEP results
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indirect stau production
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Experimental signature

- Missing transverse energy depends on the model parameters
- Small number of jets and no b-tagged jets

Covered by this analysis
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Selection (36 /fb of Run 2 2016 data)
Opposite charge pair of identified isolated leptons

No additional leptons

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

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

Background estimation

data in dimuon (mu-el) CR and scaled to normalization from
data CR

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

and QCD muiltijet (only for eu): shape is
estimated from data CR and transfer factor
is calculated as a ratio of yields in orthogonal CRs

Other rare backgrounds taken from
simulation
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For cut based approach 132 search bins are defined with kinematic variables and jet multiplicity.

For chargino-neutralino (C1N2) interpretation 711> — mi-o + x(m~o — m~0)
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@ No significant deviation in any signal region
@ Exclude N2 and C1 decaying through staus below 560 GeV S S TRRRNTOUN TN 1 N |

for ~ massless LSP m_:=m_o (GeV)
@ Direct stau production not yet excluded due to low cross section -

@ For left-handed stau of around 90 GeV and a massless LSP we exclude 1.5 times the

95% CL upper limit on cross section [pb]
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expected SUSY cross-section.




Pure Signal Nodes S{(S+B}=0_491
Pure Backgr. Nodes MTSU m< 1 60

S/(S+B)=0.971

Boosted Decision Tree (BDT )is used to

improve the limit and reach sensitivity to S/(S+B)=0.595
direct stau production. DiLM< 96.6

Decision tree — sequence of binary splits
using the discriminating variable.

SAS+B)=0.742

Boosting — reweighting the training data to

stabilize response and enhance the Boost
performance
F kK TMVA e
ramewor : =
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Decision Tree no.: 0

S/(S+B)=0.132
LeptV2Pt< 54.1

S/(S+B)=0.061




@ Use 24% for training, 6% for testing and 70% events for limits evaluation

» BDT will be used only for ur, and er,

Train BDT with the several benchmark stau scenarios (Stau 100,150,200,300 GeV

and Lsp 1, 50,100 GeV)

@ Optimize BDT options, input variables and search region

@ Finally the 13 variables were selected
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» BDT output comparison between
training and test samples shows no
overtraining

TMVA overtraining check for classifier: BDTmutau_stau-stau100_LSP1My

@ Binning, the most sensitive last bin,
is selected by significance study
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@ A profile likelihood ratio in the asymptotic approximation is
used as the test statistic. Limits are then calculated at the 95%

confidence level (C.L.) using the asymptotic CLs criterion. The

full BDT distribution shape is used in the combine tool. -
Cut based approach
o CMS Preliminary 359t (13 TeV)
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@ For now BDT sensitivity is better (comparable) than for cut based approach — we will
combine mutau and eltau channels

@ Work in progress




» Cut based search for direct and indirect tau
production is being developed and was

approved EESFE0Y:

» This search is not sensitive to direct stau
production

» To enhance sensitivity BDT approach is being
developed

> Plan to get better sensitivity for BDT than for cut
based approach and include 2017 data







Cut efficiencies and optimal cut value
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ANN DNN (only after root-6.08.00)
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BDT is still better
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Train BDT for every signal point ~ 30

Signal points MC with enough statystics to

avoid overtraining were produced

Increase in sensitivity

Cuts

BDT

staulO0
staul50
stau200
stau300

Could be used in our analysis
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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)
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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




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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{ — bisector between the direction of the
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o = 0.85 (optimized value)
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