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Examples of SUSY Models with leptons
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Final state with many leptons

q
Final state with Z(ll)+jets+MET

Many final states in
SUSY with leptons!

Final state with many tops: high Produces kinematic edge in M,
probability to decay to a lepton
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Search Strategy

* Analyses target range of topologies with varying:
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CMS Analyses with 1 lepton

Direct stop search in 1L final state Search using sum of large-R jet masses
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Results of 1-Lepton Analyses

Direct stop search in 1L final state Search using sum of large-R jet masses
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CMS Analyses with Multiple Leptons

Same-sign Dileptons

Analysis designed to cover broad range of models and different mass splittings
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b-tags’

Multi-lepton

H,, MET

categorize events as on-Z if at least one
opposite sign dilepton pair has M,
consistent with M, (off-Z if otherwise)
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Results of multi-lepton Anal
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Exploring 8 TeV Excesses at 13 TeV:
OS dilepton analysis
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Physics Motivation

on-Z Signature Edge-like Signature

* Search for new physicsin |* Look for edge shape excess in
Z(Il) + jets + MET final state the di-lepton invariant mass
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Search Strategy

on-Z Signature Edge-like Signature
* Require OS dilepton pair with * Require OS dilepton pair with
IM,—M,| <10 GeV, 2 2 jets M, > 20 GeV, 2 2 jets and large
and large MET and H; MET
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CMS results at 8 TeV in OS di Iegtons
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Excesses seen at 8 TeV in OS dileptons
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(IVI” 81'101 GeV) (M”' 20'70 GeV) 80."'

— (900, 150) GeV
— (1100, 800) GeV

20, CMS 19.4 b (8 TeV)
UL DL L DL L L L L
ee + uu Events $ Data
180 ee +
cms _ 194®7@Tev) 160 HH —Fi
. 4 Data E a0 EventS ~FS
10 €€ +uu events W7 packground E DY
10* Mets =2 [CJFS background é 120 - Signal
(M@, me) 9

Events / 5 GeV

+ SF central leptons

Entries/10 GeV
53

ol 1l
el b b b b b b b L

40
1 Nno excess seen 2.6 0 excess seen
10" 20
< 2 T T T T T T y
s[£15 i $ E
© O 1 PP = 1
o(805 -] 4 S o0
& 0 1 1 1 Il 1 Il 0— -1» % + % L5
0 50 100 150 200 250 300 350 2F ; -
ET™ [GeV] STTB0 100 150 200 250 300
m, [GeV]
ATLAS on-Z results at 8 TeV: 3.0 o excess seen ATLAS edge results at 8 TeV: no excess seen
ee Events MU Events ee Events MU Events
TTr 171 LI LI T T T TTTT TTTT FrrrorT UL TTT1T T T L LS > F aTr ac LALLM LI B F AT1 A T rerTTTTm m .
> | T 2, | | DRV $ | ATLAS | eom 1 & o= ATLAS e 3
r =/ r = % tanda el N = - = 4 tanda 1
(u?, 12_ATLAS %4 Standard Model | 9, - ATLAS %4 Standard Model F 250l 18=8ToV, 20515 B cowiti 4 = sk o 8TV, 20317 #h smtuctiosd E
k0 r ) 4 ) Q i ) 4 ) " I SR-loose ee [ Flavour symmetric 13 - SR-loose T [ Flavour Symmetric ]
S [ s=8Tev,203fb [ Flavour Symmetric < {0 s=8TeV,20.31b" [ Flavour Symmetric ] 2 E B zes 18 C I zijess
@ o opz [ Other Backgrounds 2 | spz [ Other Backgrounds 2 500 4 “® [ other Backgrounds B | 4 % ] omersacigrounds =
€ 10[-SR-2ee -m@u=(700200Gev] T | SAM ceeeess M(§) 1=(700,200)GeV | @ T : Gesopma v 1Y T F i Fesop, G LT 1) ]
$ | mouesooswoor ] B gt mow-coomwon| |l b el B im—
8- ] - L —(525,545,505,465) GeV ] o — - (525,545,505.465) GeV/ ]
...... . ol - 4 150 3
L . L B 100~ - = .
6: a | - | 100~ =
4 ar - "y , b s0f-
[ S T T S o 1 - I e @ a o
P UL s oL " LS VBey of
L A?f//ﬁ}//‘l . L L. /3 e [ ’ e "{ - § 0ok ”/’Vf"’f"/«"’fw//{//&’/“*f///{//ﬂ’/// W(ﬁ g 0ar i & '/V/’///M///////////f
200 250 300 350 400 450 500 200 250 30 0 400 450 500 & 50 100 150 200 250 300 % 50 100 150 200 250 300
EM® [GeV] ETS [GeV] m, [GeV] m, [GeV]

4/12/16 LHC Ski 2016 - C. Vince Welke 12




Backgrounds

* DY Background w/ no real MET

CMS Preliminary 2.2 (13 TeV)
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Backgrounds

* DY Background w/ no real MET
— Z+jets, WZ—>212Q, ZZ—->212Q ...

— Predicted with y+jets data
e MET Template method

— scale on-Z prediction for edge M, regions

CMS Preliminary 221t (13TeV)
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Backgrounds

* DY Background w/ no real MET
— Z+jets, WZ—>212Q, ZZ—->212Q ...

— Predicted with y+jets data
e MET Template method

CMS Preliminary 221t (13TeV)
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MET Template Method

* Use y+jets data to model MET spectrum in Z+jets
— Z+jets and y+jets events contain no “real” MET

— leptons and ys are well-measured compared to jets

e “fake” MET comes from jet mismeasurement

well-
measured

well-
measured

jet

/ jet

photon + jets
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MET Template Method

Use y+jets data to model MET spectrum in Z+jets

* Reweight spectrum to expected Z p- in data
— pT shape different due to mass of Z
CMS Preiiminary 221" (13 TeV) CMS Preliminary 2.2 1" (13 TeV)
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MET Template Method

Use y+jets data to model MET spectrum in Z+jets

Reweight y p; spectrum to expected Z p; in data

* Prediction normalized in Z+jets dominated region,
i.e. MET < 50 GeV

— Systematic uncertainties derived using MC
* Derive templates with y+jets MC to predict MET in Z+jets MC
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. OS Dilepton Results
* No excess seen in 13 TeV
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Observed 12 437

— Largest background from FS

CMS Preliminary 2.21b" (13 TeV) > —— e
% R B B L (DSOO_CMS Central signal region N
15 103 —+— data _E (D ~  Preliminary ¢ Data 7
% - MET Templates . 9 250 Total backgrounds —
a -~ | - Drell--Yan -
..dé,. \:I FS background . ® 200 Edge E27] Total uncert. ]
I.ﬁ 102 - Other SM — qc_) B caled 8 TeV signal fit:
3 T - SR m. =300 GeV hypothesis |
Zp(lep )+H >600GeV ] 150} . m, = 500 GeV hypothesis
Aq;(E'T“'ss, (et ))>04 ------------- m. =700 GeV hypothesis
10 = = Njets = 2 100
- 50
e T ;_: Zadiwie
E O L | | ]
- 50 0 150 200 250 300
g 2 T '8 2
I I o D15
(|
e -—2a m
i 0.5 . ©
o ‘ ‘ . . S ©
0 50 100 150 200 250 300 350 (o O-9f i
ET GeV 0

4/12/16 LHC Ski 2016 - C. Vince Welke



Conclusion

. Wide variety of SUSY searches performed in
leptonic final states with CMS in 2015

* re-analyzed OS dilepton regions where
excesses were seen in run |

* No significant excesses seen at 13 TeV
* Looking forward to more data in 2016!
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Backup
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M, Distribution in ATLAS-like Signal Region

* Background predictions from MC
M, shown after all other ATLAS-like cuts applied
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1 lepton Stop Results

CMS preliminary 2.3 fb™ (13 TeV)
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Low AM: > 4jets, MI¥, < 200 GeV - | | | . & ) | | | ‘ ]
250 —325 | 22.97+321 0.61+0.61 0.88+0.88 0.74+0.17 | 25.20+3.38 14 L —L —L : = v v o Y Y L
>325| 7.85+154 0454045 0404040 0.30+0.11 ‘ 8.98+1.62 ‘ 8 800 400 500 600 700 800 800 300 400 500 600 700 800
High AM: > 4 jets, MY > 200 GeV
250 —350 | 3.29+091 092+046 0.78+0.78 0.76+0.19 | 5.75+1.29 13 mt* [GeV] mt~ [GeV]
350 —450 | 0944027 0544034 0.18+0.18 0.46+0.14 | 213+0.48 4
>450 | 0574021 0554036 0074007 0524017 | 1.714+0.45 0
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dilepton same-sign Results (1/3)
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dilepton same-sign Results (2/3)
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dilepton same-sign Results (3/3)
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OS dilepton Signal Region Definitions

ATLAS-like on-Z region

Edge region

* 2 OSSF leptons, p; > 20 GeV
— Note: ATLAS uses 50, 25 GeV

* M,: 81-101 GeV

e atleast 2 jets

* H;+Z(p;(leps)) > 600 GeV
* do(jet, ,,MET)>0.4

e MET > 225 GeV

* 2 OSSF leptons with p; > 20

GeV

e atleast 2 jets + cuton MET

-
LLJ

=

150 GeV

100 GeV

A

A

Signal
region

2jets 3jets N
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FS BG Prediction Method (1/2)

* Flavor symmetric processes produce OF and SF equally
— Include ttbar, single-top, Z—=2>tt, ttW, off-Z regions of WZ, ttZ
— Only true at gen level, corrections needed for trigger/reco effects

— Use OF sample to predict SF contribution
* Calculate transfer factor, Rsfof

* Calculation done in two ways:
1. directly from orthogonal ttbar sample outside of signal region
2. factorizing object and trigger efficiencies

* Use weighted average for final number

direct
measurement

(1) + (R]
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FS BG Prediction Method (2/2)

e Combine results from direct measurement and
factorization method to get final R value

* 5% systematic for central and forward regions

Central Forward

Data MC Data MC

1 ¢, —1
;%_ ('.u/c + ’!‘/t')

Rt

1.008 £ 0.013 1.008+£ 0.012 1.022+ 0.042 1.0264 0.046
1.003 £ 0.072 1.027+£ 0.067 1.061+ 0.090 1.0294 0.071

Rsr/oF

from factorization

direct measurement

1.011 £ 0.074 1.035 +£0.068 1.084 +0.103 1.057 £ 0.087
1.055 £ 0.061 1.050 =0.013 1.107 £0.134 1.079 £ 0.021

weighted average

1.037 £ 0.047 1.049 = 0.013 1.097 = 0.068 1.079 £ 0.020
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