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Recent CMS SUSY single lepton and OS dilepton results

Supersymmetry

CMS.PAS-5US-15-006 Search for supersymmetry in events with one lepton in proton-proton collisions at /5 = 13 TeV with the CMS experiment March 2016
CMS.PAS-5US-16-002 Search for direct top squark pair production in the single lepton final state at /5 = 13 TeV March 2016
CMS.PAS.5US-14-022 Search for electroweak production of charginos in final states with two tau leptons in pp collisions at /5 =8 TeV/ March 2016

CMS-5U5-14.015 Search for direct pair production of scalar top quarks in the single- and dilepton channels in proton-proton collisions at /5 =8 TeV 10 February 2016
CMS.PAS-5US-15.004 Inclusive search for supersymmetry using the razor variables at /5 = 13 TeV/ December 2015

Search for supersymmetry in pp collisions at /& = 13 TeV/ in the single-lepton final state using the sum of masses of large radius

jets

CMS-PAS-5U5-15-007 December 2015

1S.PAS-SUS-15.011 Search for new physics in final states with two opposite-sign same-flavor leptons, jets and E2* in pp collisions at /5 = 13 TeV December 2015

Supersymmetry

Search for direct pair production of scalar top quarks in the single- and dilepton channels in proton-proton collisions at /5 = 8

5US-14.015 = 10 February 2016
ST Search for supersymmetry in events with soft leptons, low jet multiplicity, and missing transverse energy in proton-proton 25 December
SUS-14.021 collisions at /5 =& TeV 2015
SUS13.004 Search for supersymmetry using razor variables in events with b-tagged jets in pp collisions at /5 =8 TeV/ 1 February 2015

- ; - 13 December
SUS-144 Searches for supersymmetry based on events with b jets and four W bosons in pp collisions at 8 Te\/ o

@ Leptonic signatures lead to a good background suppression and accurate prediction
@ Several CMS SUSY single lepton and opposite-sign (OS) dilepton results published recently
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Recent CMS SUSY single lepton and OS dilepton results

Supersymmetry
CMS-PAS.-SUS-15-006 Search for supersymmetry in events with one lepton in proton-proton collisions at /5 = 13 TeV with the CMS experiment March 2016

CMS-PAS.-SUS-16-002 Search for direct top squark pair production in the single lepton final state at /5 = 13 TeV March 2016

Search for electroweak preduction of charginos in final states with twe tau leptens in pp collisions at ,, 8 TeV March 20

Search for direct pair production of scalar top quarks in the single- and dilepton channels in proton-proton collisions at /5 =& TeV' 10 February 2016

Inclusive search for supersymmetry using the razor variables at 4/ = 13 TeV

T Search for supersymmetry in pp collisions at /& = 13 TeV in II;:‘:mglerleplon final state using the sum of masses of large radius o
CMS.PAS SUS-15.011 Search for new physics in final states with two opposite-sign same-flavor leptons, jets and E™ in pp collisions at /5 = 13 TeV. December 2015

Search for direct pair production of scalar top quarks in the single- and dilepton channels in proton-proton collisions at /5 = 8

TeV 10 February 2016

Search for supersymmetry in events with soft leptons, low jet multiplicity, and missing transverse energy in proton-proton
collisions at /5 = 8 TeV/

Search for supersymmetry using razor variables in events with b-tagged jets in pp collisions at /5 =8 TeV/

Searches for supersymmetry based on events with b jets and four W bosons in pp collisions at 8 TeV'

@ Leptonic signatures lead to a good background suppression and accurate prediction
@ Several CMS SUSY single lepton and opposite-sign (OS) dilepton results published recently
@ Cover only 13 TeV results
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Recent CMS SUSY single lepton and OS dilepton results

Supersymmetry
CMS-PAS.-SUS-15-006 Search for supersymmetry in events with one lepton in proton-proton collisions at /5 = 13 TeV with the CMS experiment March 2016

Search for direct top squark pair production in the single lepton final state at /5 = 13 TeV March 2016

Search for electroweak preduction of charginos in final states with twe tau leptens in pp collisions at ,, 8 TeV March 20

Search for direct pair production of scalar top quarks in the single- and dilepton channels in proton-proton collisions at /5 =& TeV' 10 February 2016

Inclusive search for supersymmetry using the razor variables at 4/ = 13 TeV

T Search for supersymmetry in pp collisions at /& = 13 TeV in Il;:‘:lnglerlepwn final state using the sum of masses of large radius o
CMS.PAS SUS-15.011 Search for new physics in final states with two opposite-sign same-flavor leptons, jets and E™ in pp collisions at /5 = 13 TeV. December 2015

Search for direct pair production of scalar top quarks in the single- and dilepton channels in proton-proton collisions at /5 = 8

TeV 10 February 2016

Search for supersymmetry in events with soft leptons, low jet multiplicity, and missing transverse energy in proton-proton
collisions at /5 = 8 TeV/

Search for supersymmetry using razor variables in events with b-tagged jets in pp collisions at /5 =8 TeV/

Searches for supersymmetry based on events with b jets and four W bosons in pp collisions at 8 TeV'

@ Leptonic signatures lead to a good background suppression and accurate prediction

@ Several CMS SUSY single lepton and opposite-sign (OS) dilepton results published recently
@ Cover only 13 TeV results and those not covered by other talks
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eptonic final states in SUSY

@ Single lepton events from
W-boson decays

@ OS dilepton signatures from
Z-boson or sleptons
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| Analyses covered in this talk

| CMS-PAS-SUS-15-006 Search for supersymmetry in events with one lepton in proton-proton collisions at /5 = 13 TeV with the CMS experiment |

Search for supersymmetry in pp collisions at \/§ =13 TeV in the single-lepton final state using the sum of masses of large radius

CMS-PAS-5US-15.007 q
jets

| CMS-PAS-5US-15011  Search for new physics in final states with two opposite-sign same flavor leptons, jets and ET"‘“' in pp collisions at /s = 13 TeV |

@ Targeting strong SUSY production and R-parity conservation

@ Searching for SUSY in events with one or two leptons (electrons or muons),
missing transverse energy (ET'*°), and jets

@ Background mainly estimated from data

Common observables

@ Electrons: pt >20 (25) GeV and |n| < 2.5 (2.4)

Muons: pt >20 (25) GeV and |n| < 2.4

N Jjets: Anti-ke R=0.4 clustered jets with pt >30 (35) GeV and |n| < 2.4
b-Jets: Jets identified with the CSV algorithm

Particle Flow E?"ss

Ht: Scalar sum of the pt of all jets
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Single lepton search with A®

Search for supersymmetry in events with one lepton in proton-proton
collisions at /s=13 TeV with the CMS experiment

(CMS-PAS-SUS-15-006)



Background estimation i

A CMS Pre\‘lmmary . . . 2 3"b (a3 T‘e\/
- Ti'1208x10  #Da@ o
.. S —Tit1s01x0  ETIsjets 3 QS
Additional observables P o 9
§ QcD =
ie ]
@ Lt = lepton pt + ET** v Bovejes § 3
mtv uI)
@ AP between lepton and W-boson candidate 19
ElY
£ )
L b=
Main backgrounds g 2
@ Leptonic W decay (tt and W+jets): T i 3
. . [N E 3
Estimated from low A® control region (CR) R :
a E E|
@ QCD: Completely suppressed by A® cut 15—~
Contribution to CR estimated from loosely APW.h
isolated electrons in multi-lepton sample
< APW)
Background estimation method
SR
SR _ Nsg CR
® Ny = KyerR—pyer Nyig
SB QCD est.

@ r: MC correction factor to account for
differences in (b-) jet multiplicity between
side band (SB) and main band (MB)

N

jets
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Results: b-tagged

CMSPreliminary 2.3fb? (13 Tev)
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Results: No b-tags :

CMS Preliminary 2.3 (13Tev)
T T T T

¢ Data

—— T5q*'WW 1.0/0.7 B €+ jets

—— T5¢'WW 1.2/0.8 mw +J'ets

—— T5q"WW 1.5/0.1 J
Other

,,,,, [FZ7] Pred. Uncertainty

[CMS-PAS-SUS-15-006]

-q-é 3
g e
8 v
0 5i 5] 5] 67 67] 67 67 67 67 =28 28 28 28]
HTi  HTi  HTi  HT1 HT23 HT1 HT23 HT12 HT3 HT1 HT23 HTi HTi
nje‘ ‘ nb.tag | LT [GeV] ‘ HT [GEV] ‘ AP
5 [250, 350], [350, 450], > 450 > 500 10
6,7] [250, 350], [350, 450] [500, 750], > 750 '
’ 0 > 450 [500, 1000], > 1000 | 0.75
[250, 350] [500,750], > 750 | 1.0
>8
[350,450], > 450 >500 0.75

No deviation from the prediction observed
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CMS preiiminary 2.3 fo' (13 TeV) CMS preiiminary 2.3 fo" (13 TeV)

JUP o = — o T
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@ Gluino masses up to 1.575 (1.4) TeV excluded
@ Limits on gluino mass in § — tt%? improved
by about 200 GeV compared to 8 TeV analysis

@ Both limits very similar to fully hadronic CMS
search (CMS-SUS-15-002)
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Single lepton search with large jets

Search for supersymmetry in pp collisions at 1/s=13 TeV in the
single-lepton final state using the sum of masses of large radius jets

(CMS-PAS-SUS-15-007)



Background estimation

Additional observables

© mr = \/204EF*(1 - cos(Ad(L, EF*))

@ M,: Scalar sum of the masses of all large jets
(standard jets clustered within a R=1.2 cone)

4

Background estimation

NRr:
@ Npg = K722 N,
R4 NR1 R2

@ k: MC corrections for small correlations between M

and mT and the binning in (b-)jets

Additional prediction by global fit:

Simultaneous fit of total background and MC signal
on data and MC

A\

R4: 10 bins

R2: 10 bins
(same as R4)

250 400

My

6<Njets<8 Njets>9
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| Results

[CMS-PAS-SUS-15-007]

Bin Bkg. Pred. (PF) Bkg. Pred. (GF) Obs.
200 < MET < 400 GeV
Rd: 6 <nj<8np=1 34+1.4 364+1.0 6
Rdin;>9,np =1 0.3+0.3 04402 1
Rd:6<n;<8n,=2 30+£1.2 30408 2
R4: nj = 9,np=2 0.5+03 04402 0
Rd: 6 <n;<8,n,=>3 1.0£05 09403 0
Rd:in;>9,n, >3 0.1+0.1 0.14+0.1 0
MET > 400 GeV
R&6<n <8mny=1 24419 1.24+07 0
Rd:nj>9,n, =1 0.3+03 03403 1
R&6<mn <8 mn,>2 1.04+£09 05404 0
Rdn;>9,n, 22 0.24+03 0.14+0.1 0

Again no deviation from the prediction observed
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Interpretation

" N
F eMS — 203t — E‘_?Te\‘/ = CMS preliminary 2.1 fb* (13 TeV) —
3 oqE PP - B - 4] 2 1000 7 8
o, 900 E NLO+NLL exclusion E s ) ppP-3900 - IEE’ NLO+NLL exclusion 1, & 9
Eﬁ( = obs. * 1o theor. (Ag) 3 5 O, 1600 = observed 10eory EI- ﬁ,
& £- 1400 F11EXpected £ 10,00 imen 108 @
- 0 n =4 9 o 2
10 8 r 1 a2
™ 5 1200~ = 3 un
@ < E 1 Hdwors g
(’ﬂ\ @ 1000; 7: ; § g|
5 400 E e 41 EGQ
= = r 1] =2
a 5] E 1 o}
~ a 600~ a1 |2
@ E £ 13°°s
; % 4001~ | _l
= L 3 4 (]
7 2 el i 200 4l ¢
= 0 ! . | v o O E | | I i |
200 600 800 1000 1200 1400 < bttt A 10
m; [Gev] 3 m. [GeV]
9
@ Limits very similar to previous single P 7
lepton analysis (CMS-PAS-SUS-15-006) "
— complementary method X1
@ Limits on gluino mass improved by about b%1

200 GeV compared to 8 TeV results
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Opposite-sign dilepton search

Search for new physics in final states with two opposite-sign same-flavor
leptons, jets and ET** in pp collisions at /s=13 TeV

(CMS-PAS-SUS-15-011)



| Analysis concept i

19.4 b (8 TeV)
‘ 4 Data T
. . —Fit q
Resonant contribution on the Z peak FS -
> 140 n
. . . . . o DY —
) Edge.-llke feature in invariant dilepton mass (mgy) g:}: sgnal] &
outside the Z peak % % SF central leptons ] g
@ In both cases deviations were observed at 8 TeV oo &
by either ATLAS or CMS “ I
v 20 —_—

Flavor symmetric backgrounds (FS)

Pull

- ik E
° tt’ WW’ Z_) TT 50 }100 150 200 250 300
m [GeV]
@ Same number of SF and OF events oMs 19415 @ Tev)
. : S
@ Correction factor Rsg/oF to account for wof- tData ]

reconstruction, ID, and trigger efficiencies 1o0f —Fit

@ Estimated from data

v

Non flavor symmetric backgrounds

@ On-Z contributions without neutrinos estimated
with Ef*-template method from y+jets sample | F.. 08

OF central leptons

Events / 5 GeV
T

@ Rare processes with genuine ET** (neutrinos)
from MC (WZ,ZZ,ttZ)

Pull
NN
b= =
o]
s
IS
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Edge search results

CMS 19.4 b (8 TeV) > — ‘ — 2215713 TeV)
e s e > Fems o s regon 1=
180F- + Data a O 300} Ppreliminary -4 38
E B g = 9' L 4 oaa 4 ﬁl
se0f- Backgroun 2T o R
F i = = 4
£ i DY (from data) & < 2
1401 - rell-Yan
310 oY (tor Y & mo =P 13
O 120 - yS. tat. r T otar uncent 12
w [ a 150 Co o
~ 100 T %)
2 r = >
S sof Central leptons — 100 o
S E =2
W g0 50

40 0 = H | T e

2 50 100 150 200 250 300

m, [GeV]

o - b g 2* [ Systematic uncert L T q
2T T g L5/ TR T TR aa
2 1% %‘u S0, Ju .| - 33 = 1 4+ 4444 1l |
3 114 iAo Tt red S RLISERL ! AR AR SR pog
s * YT 1% LT = r.
el 1995 108 T 0.5 | |
g % Tl & 05f ]

0

50 100 150 200 250 300 0
m, [GeV]

@ 8 TeV: 2.6 o excess observed at low myy

@ ATLAS did not confirm this excess

@ 13 TeV: Low mass region in good agreement with expectation except for the first bin
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On-Z: Results

CMS Preliminary _ ‘ 2.2‘fb'1(13‘TeV)

> —_
§ —— data g EM“m‘m‘H“MWL‘D‘M‘Hm‘u‘ =
g [ MET Templates 2 b ATLAS 4 stancard Model p=d
2 [ FS background = Q12[ 58 Tev, 203 1" %F\avour Symmetic
] ~ Other Backgrounds
2 [l Other SM 4 % o[ SRZee r@-T0020000. =
R (Iep )+H > 600 GeV w bt MOu=(900.600)Ge o
AgE" g (|et )04 2 0
o 9]
é .
p= -
IS g
=
o
e T
82 84 86 88 90 92 94 96 98 100 E‘
.E 15 m, [GeV]
85 '1
gle
8% o2
EO"’ % AR SRR RN RARNRARS AN AR RN R
—e— Data 4
07E0 100 150 200 250 300 380 8 camas i ]
E; "~ GeV o (S=8TeV,203f" [ Flavour Symmetric |
G0 snzwm = onerostgons ]
3 m(@)11=(900,600)GeV |
@ ATLAS observed a 3 o at 8 TeV (29 events observed, s 1
10.61+3.2 expected)
@ CMS did not cover this signal region at 8 TeV
@ CMS does not confirm this excess with 13 TeV data,
while ATLAS observed again 2.2 o [ATLAS-CONF-2015-082]

” s A
82 84 86 88 90 92 94 96 98 100
m, [GeV]
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Summary

Single lepton searches (CMS-PAS-SUS-15-006 and CMS-PAS-SUS-15-007)

@ Searches for SUSY in final state with single lepton, (b-)jets and ETss
@ No deviation from the background expectations found

@ Both searches have a similar sensitivity and exclude gluino masses up to
1.575 TeV

Opposite-sign dilepton search (CMS-PAS-SUS-15-011)
@ 8 TeV:

@ CMS observed a 2.6 o excess at low myy [JHEP 04 (2015) 124]
@ ATLAS did not confirm this observed a 3.0 o excess on the Z peak
[Eur. Phys. J. C75 (2015) 318]

@ 13 TeV:

@ CMS could confirm neither of these deviations
@ ATLAS again observed a 2.2 o excess on the Z peak
[ATLAS-CONF-2015-082]

@ 2016 data taking just started and the increased lumi should help to settle the
matter
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[CMS-PAS-SUS-15-006]

. T
et ‘ L ‘ Hr ‘ et ‘ Bin name ‘ Expected signal 1" mgi/m .o [TeV] ’ Predicted background ‘ Observed ‘
[GeV] [GeV] 15/0.1 1.2/0.8

=1 TTT, HTO, NBI 000 £ 000 | 041 £ 002 903 £ 207 9

[500, 750] = LT1, HTO, NB2 000 + 000 | 067 + 003 838 + 210 2

(250, 350] >3 | LT1,HTO, NB3i 000 + 000 | 067 + 003 123 + 039 1

g = T, HT1i, NBl 003 £ 000 | 015 £ 001 977 £ 29 7

> 750 = LT1, HT1i, NB2 007 + 000 | 027 + 002 708 + 274 6

>3 | LT1,HTIi NB3i 007 + 000 | 022 + 002 085 + 040 1

= T2, HTO0, NBT 000 £ 000 | 019 £ 002 747 £ 09 ES

[500, 750] =2 | LT2,HTO0,NB2 001 + 000 | 028 + 002 089 + 056 2

— | 350,450] >3 LT2, HT0, NB3i 001 + 000 | 024 + 002 010 + 008 0

© g = T2, HTT;, NBI 008 £ 000 | 016 £ 001 361 £ 175 5

) > 750 = LT2, HT1i, NB2 012 + 001 | 024 + 002 375 + 190 2

>3 | LT2,HTIi NB3i 013 + 001 | 019 + 001 054 + 035 0

1500, 1250] = LT3, HT01, NB1 007 £ 000 | 018 £ 002 11T £ 159 1

(450, 600] g >2 | LT3,HTOL,NB2 | 019 + 001 | 042 + 002 402 + 211 0

d > 1% = TT3, HTZ, NBT 008 £ 000 | 002 £ 000 062 £ 069 T

= >2 | LT3, HT2i NB2i 029 + 001 | 008 + 001 059 + 066 1

1500, 1250] = LT4 HTOL,NBT | 018 £ 001 | 005 £ 001 060 £ 051 0

< 600 g >2 | LT4i,HTOL,NB2i | 057 + 001 | 016 + 001 025 + 039 0

= > 125 = T4, HI2j, NBL 026 £ 001 | 007 = 001 020 £ 027 0

= >2 | LT4i, HT2i,NB2i | 095 + 002 | 016 + 001 042 + 053 0

1500, 1250] = LT1, HT01, NB1 001 £ 000 | 022 £ 002 052 £ 019 0

g =2 | LT1,HTO1,NB2 001 + 000 | 055 + 003 023 + 014 0

[250, 350] > 500 >3 | LILHTO,NB3 | 008 £ 000 | 074 £ 003 037 _* 016 0

R = LT1, HT2, NBI 002 £ 000 | 002 £ 001 017 £ 016 0

o = = LT1, HT2i, NB2 004 + 000 | 005 + 001 024 + 031 0

Al =1 T2, HT0;, NBT 004 £ 000 | 023 £ 002 028 £ 014 0

[350, 450] > 500 = LT2, HT0i, NB2 010 + 001 | 041 = 002 005 + 006 1

>3 LT2, HT0i, NB3i 012 + 001 | 051 + 002 004 + 005 0

= 150 = 500 = TT3i, HT0i, NBL 029 £ 001 | 023 £ 002 031 £ 020 0

- - >2 | LT3, HTOiNB2i | 142 + 002 | 099 + 003 015 + 013 0
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Single lepton with A®: Result table no b-tags

[CMS-PAS-SUS-15-006]

] Lt Hr . Expected signal T5q*WW 1) /miz [TeV] Predicted
"t | Gev] | [Gev) |PBinmame | q4/07 12/08 15/01 | background | OPserved
[250, 350] > 500 LT1 HTi 167 + 027|068 + 007|003 + 0.01]128 + 291 13
[ [350,450] > 500 LT2, HTi 113 £ 022068 + 007|004 + 0.01[445 + 215 4
> 450 > 500 LT3, HTi 148 + 026[079 =+ 008|051 + 0.02]38 =+ 203 1
[250,350] [500,750] | LT1,HT1 [3.03 + 036]1.06 + 0.09] 00 + 00][424 + 137 8
! > 750 LT, HT23 | 092 + 02036 + 005|008 + 0.01|479 + 16 4
'lt: [350, 450] [500,750] | LT2,HT1 154 + 026 09 + 008| 00 = 00]137 £+ 112 0
= ! > 750 LT2,HT23 | 1.15 + 021|041 + 005|013 + 0.01|129 + 074 2
o)
> 450 [500,1000] | LT3,HT12 [ 199 + 029 [183 + 012|011 + 001|225 + 093 0
- > 1000 LT3,HT3 | 133 + 023|055 + 006|138 =+ 0.04|147 =+ 104 2
[250,350] [500,750] | LT1,HT1 09 = 02(026 + 004| 00 £ 00034 + 022 0
© ! > 750 LT1,HT23 | 085 + 019|041 + 005|006 + 0.01| 1.1 + 061 1
Al [350, 450] > 500 LT2, HTi 141 + 023075 £+ 007|009 + 0.01 045 + 028 0
> 450 > 500 LT3, HTi 244 + 031127 £ 0.09|084 =+ 003[039 + 0.26 0
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| 0S dilepton: FS background estimation methods

Control region method

@ Rsr/oF measured in control region

@ Verified on MC to check that the method
works and take uncertainty on MC as
systematic uncertainty

@ Events around the Z peak (70-110 GeV)
are not taken into account

Factorization method

RSF/OF:%RT (rp.e“rm%)

| trig _trig
€ € . . .
@ Ry = Y=-FE: Trigger efficiency factor
e

@ rue

n . . . . .
o #: Ratio of muon to electron efficiencies, measured in Drell-Yan control region
ee
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OS dilepton: Non FS background prediction

Emiss_template method

E?iss in Z+jets events mainly from jet mismeasurements
Use y+jets events to estimate the E?iss shape
Photon pt reweighted to match Z pt

Prediction normalized in Z+jets dominated region
(ER'ss <50 GeV)

Extrapolation to off Z regions

@ Use correction factor R/, to extrapolate to off Z
regions:

off-Z ff-Z
_ NSF"—Rsr/0FNOF
out in—
/i NgnZ RSF/OFN on-Z

@ Measured in Drell-Yan control region

@ 25% uncertainty assigned
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CMS Preliminary 22107 (13 Tev)
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CMS
Z OS dilepton: Edge signal and control regions

N Jets selection

Eiss > 150 GeV & Njers > 2 oF EHISSIGeV] A
E™ > 100 GeV & N jers > 3
: 150 +
7| selectio
@ Central: both leptons |n| < 1.4
100 +
@ Forward: at least one || > 1.6
my, selections 50 +
@ 5 myy regions
b-jet selections | 5 N HE
@ 0 or >1 b-tagged jets
1 1 1 1 1 ”
= 20 exclusive signal regions | z ST ST 2
+ 10 inclusive regions ' = 120w ! £ <
. g < = 2 =
(no b-tag selection) ! = 1S S s =
1 1 1 1 1
1 1 1 1 1 1 1 1 (TR L 1 1 1 1 1 I
I T T T T I T 1 T T T T T T I T T - -
20 70 81 101 120 my[GeV]
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OS dilepton: Edge result table

[CMS-PAS-SUS-15-011]

Nip—jets = 0 Np—jets = 0 Nip—jets = 1

my, range [GeV] pred. total (DY) obs. pred total (DY) obs. pred. total (DY) obs.

P T T
TR N
L A R
R TR R

ST TRt T

R N

R N S
TR I
ww N ERD w R

ST e R e T
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>1
b-tag

0 b-tag

OS dilepton: Edge result plots

Events / 10 GeV

Data / Bgnd
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| OS dilepton: Edge results summary

2.2 (13 TeV)
T T 17T

o 80T T T T T T T T T T T T T T T T T T T T T T =
c - CMS ¢ Data — Total backgrounds )
Q 700 Preliminary 0
L 1 @
600 —H 2
T @
500 - £
B
9]
400 ] 5
300 —]
200 —
100 —]
., "o
OQUU;'S;UUQ;E;()UU;E;UUU;;;QUU;E;
¢ of 223 o6p e oos ey oo ey eg o ey
ESSES EER RS RS RS DR DRSS REREY:
3a@BgefgsfoefgaRBg s gaggafgRagag
= 2 87 R s 3 E 55 s E %S s £ 5 £ 3

@ Reasonable agreement in all signal region

@ 8 TeV excess in the low mass region has not reappeared
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| OS dilepton: Edge interpretation

CMS Preliminary 2.3 (13 Tev)
;‘ 900 PP, B-KJb, K72, Tk m = 100 Gev 7! T
5] ;= 0.5(m,,+ me); NLONLL exclusion SN 8|
O, 800| ... et 2100, 1 o9
RS Observed limit, £1 0, 1 €S w
£ 700 o >
L 1 =9
L | EY
600 =g
L 5 &
500~ 1 o=
[ 2o
4007 1 4
r O
3001 X
I 3
200+~ *-
10

L \ ‘\ i A L L
400 500 600 700

Slepton model

@ Simplified Model based on sbottom pair production, b — b+ )Zg

@ Decay either via Z or slepton (50% branching fraction)
@ Produce edges at the mass difference between the neutralinos
o

Mass of the )2‘1) fixed at 100 GeV, slepton mass in between the neutralino masses
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OS dilepton: Edge 8 TeV counting results

CMS 19.4 b (8 TeV) CMS 19.4fb1 (8 Tev)
I RN S B e e 3
1800 ¢ Data 1000 ¢ Data 1 9
160F- —— Background t — Background ’E
s 1l DY (from data) S o Y (fromdata) - &
& 120F I sys. O Stat. S r I sys. O Stat. <
) 0 60— - ©
3 100F P o
2 2 r w
§ 80 + Central leptons § 401~ Forward leptons T
W o wor =2
40 201
20
[ ot
o 2 PRI T - IRy T T
& hasa o balut 0 4] & Ml g ol
g Bt al b R s et MU e
= B S = T Sl el
] t Tl 3 eI
0755~ 100 180 200 250 300 0= 786 100 180 200 250 * 300
m, [GeV] m, [GeV]
low mass on-Z high mass
central forward central forward central forward
Observed [SF] 860 163 487 170 818 368
Flav. Sym. [OF] 7224+27+29 155+13+10 355+19+14 131+12+8 768+28+31 430+22+27
Drell-Yan 8.2+2.6 2.5+1.0 116+21 4249 2.5+0.8 1.1+0.4
Total Estimates 730+40 158+16 471432 173+17 771142 431+35
T48 20 T37 20 T49 T37
Obs. - Est. 130758 5720 16730 378 477 62730
Significance [o] 2.6 0.3 0.4 <0.1 0.9 <0.1
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| OS dilepton:Edge 8 TeV fit results

CMS 19.4 fo! (8 TeV) CMS 19.4 fbl (8 Tev)
130; ‘ ‘ +6a[a 3 moz— ‘ ‘ “:‘)ata 3 g
. E . -
160 —Fit 4 160F —Fit —~
140 ~FS 3 1405— 4 2
E 120 DY — E 120:— - i\lo./
2 100/ Signal* 2 100~ - g
% s0F SF central leptons 3 % 50; OF central leptons J &
i sof i sof— 4 I
7 g| g
5 El f y 5 fa {’ Hl%;“{ﬂl .}#ﬁ%g; &I;D#’
Y E RS LR R AR
A 50 100 150 200 250 300 - 50 100 150 200 250 300
m, [GeV] m, [GeV]
| Central | Forward
Z background 158 + 23 71+15
Flavor symmetric bkgd | 2270 £ 44 | 745425
RSF/OF 1.03 1.02
Nsignar 126 +£ 41 22+ 20
eclge 787+ 1.4
124 . :
Significance [o] 2.4
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OS dilepton: 8 TeV ATLAS edge results WA

ATLAS CMS

Low-mass
Below-Z (20 < mg < 70 GeV) SR-loose ee SR-loose gt SReloose same-flavour Contal Forward
Observed events 509 624 1133 Observed 860 163
Expected background events 510420 + 40 680 +20 + 50 1190 £ 40 + 70 Flavor-symmetric 722+£274£29  155+13+10
Flavour-symmetric backgrounds 490 + 20 = 40 650 +20 = 50 1140 £ 40 + 70 Drell-Yan 82£26 25+£10
ZIy" +jets 25£08+32 8£2+5 Mx2£7 Total estimated 730 +40 158 £ 16
Ruje top 03£00+0.0 04£00+00 07£00+0.0 Observed - estimated 130:13 54:%3
wz/zz 11£03+0.1 1240204 240404 -,
Fake leptons 16+£4+2 2345+1 384644 Significance 260 030
-1
[Eur. Phys. J. C75 (2015) 318] CMS 104 (BTev) -
s> i T T T =TS = ] T T ] E Data B
& [ ATLAS o 1 & s ATLAS | o E 180 t N
2 sl Vs=8TeV, 20.3fb" %% swnaomoses | e F Vs=8TeV,20.3fb" % sunaamose E 160 —— Background ™
5 F SR-loose ee Emwsmw B 2 300 SR-loose up E ;\a'v:ﬂsymmewc E 5 1l I DY (from data) g
2 £ ts 4 13 £ it 3
g 200 =% [ omer sackgrounas - 2 250 - e [T other Backgrounas E & 120F- I sys. O stat. 18
w r F2step, m@ 15 1. 1) ] W E @2step, M@ 1/ 0,1 T 0 <
r eeee (465385345,205) GeV | 2000 sssesss0n Gy 7 100 EK=}
150 = - (545,465,425,385) GeV - | (545,465.425.385) GeV' | z Central leptons a
£ ——edes 205265 GeV | C — - 5265V ] g 80| pi Bl
F ] 1501~ ER I
100 E E E 5,
£ 1005 E 40
E E é 20
50 sl
5 E o
bz h I E REEER 3 SRS
2 LN = LAY > { S e S ot
o 1 o 1 L
. s ) ] PP e & S it g et an JLT vl o
E 0 e “ ol g .4 . ) i E 1 e i Pt
. 8 o +
o |
% 50100 150 200 2;0 . 3] 0 % 50100 150 200 zrsng o \3/] 0 ot
! " m, [GeV]
ATLAS did not confirm the excess, but reported a 3 o excess on the Z peak
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OS dilepton: 8 TeV ATLAS on Z results

>14w‘ww‘ww‘wu‘wu‘wu‘wuwu TTTTTTTT % ,w‘\u‘\u\H‘\H‘H\‘\H‘\H‘H\‘H‘\,,a
© 14— - [ ]
r —e— Data 1 L —e— Data ]
g [ ATLAS %44 Standard Model ] g 12 —ATLAS % Standard Model - ™
12 5=8TeV, 203 b % Flavour Symmetric | o [ (s=8Tev, 203" % Flavour Symmetric ] 73
~ Other Backgrounds | ~ Other Backgrounds |
250 r SRZee m(@)1=(700,200)GeV_] 210 [SR-Zun - m(@u=(700200Gev ] &
o m(@)41=(900,600)GeV | o r » M(@)41=(900,600)GeV | =~
> i > r 10
w [T - R
8- N N ]
r ] r v
6 A 6 17
L ] r 49
t 1 L 12
4= B 4 1
o J of 15
b i L y 1y
- Z Ul ias 24
82 84 86 88 90 92 94 96 98 100 82 84 86 88 90 92 94 96 98 100
m, [GeV] m, [GeV]
Channel SR-Z ee SR-Z 111 SR-Z same-flavour combined
Observed events 16 13 29
Expected background events 42+ 1.6 64+22 10.6 £3.2
Flavour-symmetric backgrounds 28+ 1.4 33£1.6 6.0£2.6
Z/y* + jets (jet-smearing) 0.054+0.04 0.02+0:93 0.07 +0.05
Rare top 0.18 £0.06 0.17 £0.06 0.35+£0.12
WZIZZ diboson 1.24+0.5 1.7+0.6 29+1.0
Fake leptons 0.1797 12513 13517
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| OS dilepton: On-Z result table

[CMS-PAS-SUS-15-011]

Njets/Hr No_jets ExRiss predicted  observed
100-150 20.1 753 28
SRA o 150-225 9.1 32 7
o 225-300 3.4 133 6
2- 3 jets > 300 21737 6
100-150 14.3 733 21
+3.6
and Hy > 400 51 150-225 6.9 e 6
225-300 6.1 5% 1
> 300 15135 3
100-150 23.6 757 20
SRB . 150-225 8.2 T34 10
225-300 0.8 33 2
> 300 15 123 0
100-150 44.7 5L 45
> 4 jets . 150-225 16.8 733 23
= 225-300 0.6 132 4
> 300 1.5 724 3
ATLAS - SR:

Hr+p+pf > 600 GeV [ B > 225 GeV Adpiey, 5, > 0.4 123 730 14

2J1.J2

Christian Schomakers (RWTH Aachen) CMS SUSY single and dilepton May 9, 2016 33 /18



34 /18

May 9, 2016

[110-9T-SNS-SVd-SND]

LA B S B B B |

- Jus sviLy

A9 00E < (i3
+] A®9 008622 o3
N8O GZT-0ST (13
N99 0ST-00T o503
A9 00E < 413
o| AOD 00€-G2Z o3
8D GZZ-0ST ¢3
N®D 0ST-00T 45,3
| A2 00€ < o3
N®9 00€-G22 553
8D GZZ-0ST ¢33
A®D 0ST-00T 45,03
A®9 00€ < (0T
9D 00€-G2T o3
N9D GZ2-0ST o3
| | A®D 0ST-00T ¢33
o o o
< I3V

-
s
(]
o
c
=]

2.2 b (13 TeV)
l
>4

jets

N.

I
+ Data —background

3

2

> 400 GeV
CMS SUSY single and dilepton

N
Hy

 Preliminary
jets

No significant deviation. Good agreement in ATLAS like signal region.

>
<
(g}
£
S
>
wn
w0
=
>
w0
()
—
~
[
O
c
(@)
s
o
2
©
9]
o

Christian Schomakers (RWTH Aachen)




OS dilepton: 13 TeV ATLAS on-Z results

> . > T T T T T T
© [ ATLASPreliminary—e— paw 2015 ] [ 165 ATLAS Preliminary—e— pata 2015 >
O o5k s=13TeV. 320" %44 Standard Model (SM) _| (05 [ Vs=13TeV,32fb" %% Standard Model (SM) - 3
f [ SRZee+uu [ 271 tromy+jets) ] O 14F SRZeesuy B 27y tromysjets) ]
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< 20 [Jraetop - 42 12 [ raretop =4
q>) r Cwzzz b @ L [Cwzzz ] %
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ATLAS expects 10.4+2.4 events and observes 21 (2.2 o excess)
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Differences between ATLAS and CMS on-Z searches

@ "ATLAS-like" signal region in CMS search was designed to be similar to
the 8 TeV ATLAS region where the excess was observed
@ Some differences remain:

@ Lepton pt cuts 25(10-14) GeV for 8 TeV ATLAS and 20(20) GeV in CMS
@ Lepton ID and isolation requirements not completely identical

@ These differences might change the event yield slightly but should not
eliminate a significant signal contribution

@ At 13 TeV, lepton thresholds of the ATLAS search were increased to
50(25) GeV
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