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Introduction RWTH

LHC and CMS performed very well last year

A lot

35.9 fb~1 for us to analyze

of work by many people to present 2016 SUSY results at Moriond

Most are currently being turned into papers

Leptonic final states of particular interest:

Talks

Light stops in "natural” SUSY models + flavor conservation — top quarks — leptons
EWK models : Weak mass limits, difficult to discover in hadronic final states
Measuring electrons and muons is relatively easy

QCD background is strongly suppressed

Remaining background processes well understood, can often be estimated from data

on leptonic CMS SUSY searches:
This talk: Strongly produced SUSY models
Constantin's talk later: Compressed spectra and decays via Higgs bosons
Indara's talk later: Third generation squarks
Miaoyuan's talk tomorrow: EWK produced SUSY



' Strongly produced leptonic final states RWTH

Strong SUSY production and R-parity conservation
miss

— jets and pr
Single/uncorrelated leptons from W boson decays

Correlated lepton signatures from Z boson or
sleptons in decay chain

Only electrons and muons considered here
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' Covered analyses b

Single lepton searches (17 large jets, 14 Ad):

CMS-SUS-16-037: Search for supersymmetry in pp collisions at /s = 13 TeV in the single-
lepton final state using the sum of masses of large-radius jets arXiv:1705.04673

CMS-PAS-SUS-16-042: Search for supersymmetry in events with one lepton and multiple
jets in proton-proton collisions at 1/s = 13 TeV with 2016 data

Dilepton searches (OS, LS):

CMS-PAS-SUS-16-034: Search for new phenomena in final states with two opposite-sign,
same-flavor leptons, jets, and missing transverse momentum in pp collisions at 1/s = 13 TeV

CMS-SUS-16-035: Search for physics beyond the standard model in events with two leptons
of same sign, missing transverse momentum, and jets in proton-proton collisions at
Vs =13 TeV. arXiv:1704.07323

Multilepton search:

CMS-PAS-SUS-16-041: Search for new physics in events with multileptons and jets in
35.9 fb~! of proton-proton collision data at /s = 13 TeV
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Single lepton search with large jets

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

(CMS-SUS-16-037)

arXiv:1705.04673



14¢ large jets: Background estimation ~ RWIH

CMS Simulation Supplementary ~ 35.9 fh™ (13 TeV)

S
Observables and selection:
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* mrT to supress semileptonic tt S % aexivi1705.04673
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* Recluster jets and leptons to large jets (R=1.4 cone) wT

* M, = Scalar sum of masses of large jets
100

Background estimation: ]
* Npy = KMNR3 ]
e K:MC correctlons for residual mr-M; correlations
* Fitin R1-3 for background prediction and global fit on all regions for
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Sokenoid

CMS

Compact Muon

1¢ large jets: Results and interpretation ~ RWIH

Nets Ny NC C K " Pred. Obs) E)?mlggeopilorgs (T1tett):

200 < p < 350 (JeV ' ‘
68 1 04 19 12+02 | 8+14 106 C:1400,1000
68 2 06 30 12402 |5514+93 75
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* Yieldsin R1 and R3 not split by (b-) jet multiplicity

— Results in each p7 > region correlated

« Agreement within 2 ¢ in single bins and combined pr’f?iss >500 GeV bin

* Gluino masses up to 1.9 TeV excluded
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Single lepton search with Ag

Search for supersymmetry in events with one lepton and

multiple jets in proton-proton collisions at 4/s = 13 TeV with
2016 data

(CMS-PAS-SUS-16-042)



'1¢ Ad: Background estimation R

Observables and selection:
+ Selection: LT = pf*"**+pt > 250 GeV, 5+ jets, HT > 500 GeV
* Main backgrounds W+jets and semileptonic tt — lepton from W decay lepton

— small A between lepton and W boson candidate

Ad

, . W
Background estimation:
NSR _ SB NCR
MB — K CR_\CR MB
sB~Nocb, sB
e K: MC corr. for differences in (b-) jet multiplicity between side band (SB) and main band (MB)
» Search performed in b-tagged (tt dominated) and b-veto (W+jets and tt) regions
* QCD eSt' from tlght-tO-lOOSG ratlo CMS Preliminary MB 35.91b" (13 TeV) 108 CMS Preliminary SB 35917 (13 TeV)
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1¢ Ad: Results and interpretation MW
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Opposite-sign, same-flavor dilepton search

Search for new phenomena in final states with two opposite-
sign, same-flavor leptons, jets, and missing transverse
momentum in pp collisions at /s = 13 TeV

(CMS-PAS-SUS-16-034)



Compact Muon Sokenoid

OS: Background estimation RWH

= - s ! ! 3'5‘9 fb\.1(13'TeV)

Search strategies and selection: g ”’:?‘E;E%mgf;y %E;gs
+  Selection: pTSS > 100 (150) GeV, 2+ jets i o Singlo
* My > 80 GeV to supress most of the dominant tt background & o M Other SM 4
« Resonant contribution on the Z peak (|myp, — mz| < 5 GeV): 10° T

« Binningin (b-) jet multiplicity and pr’I’-’iss 102
* Edge like feature in my, outside the Z window: 10

* Kinematic fit to search for edge shaped feature in full mass range 0 250

* Counting experiment in mass and tt likelihood bins MT2 [GeV]
Background estimation: MT2 = nissr, @ _ giss [max (. mi?)]

T T T

*  Flavor-symmetric background:
* From eu control region
* Corrected by Rgp/pr for differences in efficiencies
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* From MC 5 s
* WSZ, 7Z, and ttZ validated in control regions
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OS: Results and interpretation ™
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Like-sign dilepton search

Search for physics beyond the standard model in events with two
leptons of same sign, missing transverse momentum, and jets in
proton-proton collisions at /s = 13 TeV

(CMS-SUS-16-035)

arXiv:1704.07323
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Selection:

mpp < 12 GeV or |my, —my| < 15 GeV

Further binning in lepton p, (b-) jet multiplicity, H,

m%”'" and split into ++ and -- lepton pairs

Background estimation:

Non-prompt leptons:

* Tight-to-loose ratio from control region
Rare SM processes with prompt LS pairs:

* From MC

* WZ and ttZ validated in control regions
Charge-misidentificatied electrons:

e Misidentification rate taken from MC

* Validated in control region and applied

to OS data

Christian Schomakers (RWTH Aachen)
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LS: Results and interpretation il
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Multilepton search

Search for new physics in events with multileptons and jets in
35.9 fb~! of proton-proton collision data at /s = 13 TeV

(CMS-PAS-SUS-16-041)



Multilepton: Background estimation ~ RWIH
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Multilepton: Results and interpretation RWTH
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‘Summary RN

* LHC and CMS performed extremely well in 2016
* CMS presented lots of (leptonic) SUSY searches at Moriond
» Several already published as papers, many more to follow

* Unfortunately, no sign for SUSY in any of the leptonic searches for
strongly produced SUSY

* Time for easy limit extension in simple final states is likely over

* Might need to focus on more complex scenarios or those we
lacked statistics for (compressed spectra, EWK models, boosted
topologies, RPV ...)

* Results on some of these scenarios later on or tomorrow



Extras

* Signal region definitions
* Numerical results
* Additional interpretations



1€ Ad: b-tagged results
[ ]
Mt | Lt Hr Bin name Expected signal T1tttt mg /m o [TeV] Predicted Observed
[GeV] [GeV] (1.9,0.1) (1.4,1.1) background
[6,8] | =1 | [250,450] | [500,1000] | NB1, LT12, HTO1 < 0.01 302 £ 024 206 £ 12 £+ 94 194
[1000, 1500] | NB1, LT12, HT23 | 0.03 + 0.01 037 =+ 0.08 53 + 74 £+ 36 48
> 1500 NBI1,LT12,HT4i | 007 £+ 0.01| 005 £ 0.03 18 £ 42 = 05 19
[450, 600] | [500,1000] | NBI1, LT3, HTO1 003 £ 001 066 =+ 0.11 13 £ 25 £ 09 10
[1000, 1500] | NB1, LT3, HT23 005 <+ 0.01 027 + 0.07 45 + 17 + 03 6
> 1500 NB1, LT3, HT4i 0.09 £ 0.01 0.03 = 0.02 1.7 £ 10 = 03 5
[600, 750] | [500, 1000] | NB1, LT4, HTO1 004 + 0.0 008 + 0.04 40 + 15 +£ 05 4
[1000, 1500] | NB1, LT4, HT23 0.08 £ 0.01 035 = 0.08 28 £ 13 £ 02 5
> 1500 NB1, LT4, HT4i 017 £ 0.02] 002 £+ 002 18 £ 12 + 02 2
=750 =500 | NBI, L5, HT0i | 1.01 £ 004 | 028 £ 007 | 26 + 11 £ 02 2
=2 | [250,450] | [500,1000] | NB2,LT12, HT01 | 0.01 =+ 0.01 206 = 020 147 = 94 £ 55 143
[1000, 1500] | NB2, LT12, HT23 | 0.04 + 0.01 < 0.01 4 + 73 + 17 37
> 1500 NB2,LT12, HT4i | 013 £ 0.01 < 0.01 1 = 27 =+ 07 12
[450, 600] | [500,1000] | NB2, LT3, HT01 002 £ 0.0 054 =+ 0.10 94 + 21 + 08 10
[1000, 1500] | NB2, LT3, HT23 010 £+ 0.01| 017 £ 0.06 34 £ 1.7 £ 02 9
> 1500 NB2, LT3, HT4i 019 <+ 0.02 < 0.01 14 £ 08 £ 02 2
[600, 750] | [500,1000] | NB2, LT4, HTO1 003 £ 0.01 < 0.01 24 £ 12 £ 04 3
[1000, 1500] | NB2, LT4, HT23 010 £ 0.0 026 = 0.07 1.2 £ 09 £ 02 1
> 1500 NB2, LT4, HT4i 024 £ 002] 003 £ 002 1.1 £ 08 = 02 0
> 750 > 500 NB2, LT5i, HTOi 150 + 005| 032 £ 008 [042 + 034 + 005 3
>3 | [250,450] | [500,1000] | NB3i,LT12, HTO01 | 0.01 £ 0.01 1.03 = 014 33 £ 29 = 15 34
[1000, 1500] | NB3i, LT12, HT23 | 0.06 + 0.01 < 0.01 1 + 20 £ 05 5
> 1500 NB3i, LT12, HT4i | 013 + 0.01 < 0.01 29 £ 09 + 03 3
[450, 600] | [500,1000] | NB3i, LT3, HTO1 | 0.03 =+ 0.01 029 =+ 0.07 14 + 05 £+ 02 2
[1000, 1500] | NB3i, LT3, HT23 | 0.09 £ 0.01 020 £ 006 |072 £ 038 =+ 0.07 1
> 1500 NB3i, LT3, HT4i 020 =+ 0.02 < 0.01 066 = 04 £ 007 0
> 600 > 500 NB3i, LT4i, HTOi | 1.85 £+ 005| 023 =+ 0.06 1.7 £ 07 + 02 2
=9 | =1 | [250,450] | [500,1500] | NBL, LT12, HI03 |00l £ 001 090 £ 012 | 79 £ 09 £ 07 7
> 1500 NB1,LT12,HT4i | 0.03 + 0.01 0.02 =+ 0.02 22 + 07 £+ 02 1
> 450 [500,1500] | NB1,LT3i, HT03 |0.13 £ 0.01 072 £+ 011 1.1 £ 04 = 02 0
> 1500 NB1, LT3i, HT4i 038 £ 002] 010 £+ 004 [050 £ 026 =+ 006 1
=2 | [250,450] | [500,1500] | NB2,LT12,HTO3 |0.02 £+ 0.01| 115 = 0.14 73 £ 08 £ 05 9
> 1500 NB2,LT12, HT4i | 0.08 =+ 0.01 < 0.01 28 + 08 + 03 4
> 450 [500,1500] | NB2,LT3i, HT03 | 023 + 0.02| 083 <+ 012 [071 + 024 + 0.09 2
> 1500 NB2, LT3i, HT4i 072 £ 0.03 020 =+ 0.05 059 =+ 030 £ 007 1
>3 | [250,450] | [500,1500] | NB3i, LT12, HT03 | 0.03 £ 0.01 079 + 011 36 £ 06 £ 03 3
> 1500 NB3i, LT12, HT4i | 0.13 £ 0.01 < 0.01 083 £ 034 + 007 0
> 450 [500, 1500] | NB3i, LT31, HT03 | 031 £+ 002] 026 £+ 006 |[033 = 016 + 007 0
> 1500 NB3i, LT3, HT4i | 1.04 £+ 004| 017 £ 005 |[005 £ 005 + 001 0
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1€ Ad: b-veto results

e Lt Hr Bin name Signal T5qqqqWW mg /1m0 [TeV] Predicted Observed
(GeV] (GeV] (15/1.0) (1.9/0.1) background

(250, 350] 500,750/ | LTO,HTO 1.82 £+ 0.29 < 0.01 10191 + 4755 111

! > 750 LTO, HT1i 021 = 009|001 + 0.01 76.73 £+ 16.19 100

1350, 450) (500,750] | LT1,HTO 225 = 032 < 0.01 2443 4+ 14.78 25

! > 750 LT1,HT1i 029 £+ 011004 + 0.01 2278 £+  8.29 22

. 500,750] | LT2,HT0 | 302 = 037 Z0.01 446 £ 65 17

[450,650] | [750,1250] | LT2,HT12 14 £+ 025|004 + 0.02 1213 + 4.68 10

> 1250 LT2,HT3i | 008 £+ 0.06 025 =+ 0.04 415 + 1.72 2

1500,750] | LT3i, HTO | 074 + 0.18|0.01 + 0.01 232 + 149 5

> 650 [750,1250] | LT3i,HT12 | 049 + 0.15|0.12 + 0.03 579 £+ 196 6

> 1250 LT3i,HT3i | 0.14 =+ 007|115 + 0.08 274 + 1.26 0

1250, 350] [500,1000] | LTO,HT01 | 3.02 =+ 0.36 < 0.01 8932 4+ 38.21 85

! > 1000 LTO, HT2i 031 =+ 0100 £+ 0.02 3094 £+  5.08 33

[350 450} [500, 1000} LT1,HTO1 | 413 £ 041|001 =+ 0.01 1891 <+ 10.89 31

! > 1000 LT1,HT2i | 052 4+ 014|014 + 0.03 951 + 234 8

N 1500,750] | LT2,HTO 363 + 0.39 < 0.01 571 + 3.31 13

. | [450,650] | [750,1250] | LT2,HT12 | 379 + 0.39|0.03 + 0.1 821 + 315 8

> 1250 LT2,HT3i | 036 + 012|047 + 0.05 361 + 1.78 4

[500,750] | LT3i, HTO | 0.89 =+ 0.19 < 0.01 079 £+ 0.53 3

> 650 [750, 1250} LT3i,HT12 | 1.77 £ 0.26 | 0.15 + 0.03 363 =+ 1.37 5

> 1250 LT3i,HT3i | 0.83 =+ 0.18 283 + 0.12 1.83 4+ 0.86 1

(250, 350] [500,1000] | LTO,HTO1 | 0.88 + 0.18 < 0.01 696 + 283 16

! > 1000 LTO,HT2i | 026 =+ 0.09 | 003 + 0.01 632 + 117 4

1350, 450) [500,1000] | LT1,HTO1 | 0.55 + 0.14 < 0.01 1.67 + 0.77 3

© ! > 1000 LT1,HT2i | 072 £ 015|011 + 0.02 265 + 0.89 4

Al 1450, 650] [500,1250| | LT2,HT02 | 2.07 + 026 |0.01 + 0.01 063 + 032 0

! > 1250 LT2,HT3i 045 £+ 012103 + 0.04 068 £+ 0.35 1

> 650 [500,1250| | LT3i, HT02 | 0.97 + 0.18 | 0.04 + 0.01 027 + 023 1

- > 1250 LT3, HT3 | 1.12 + 0.18 | 1.37 + 0.08 038 £+ 0.24 1
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CMS

Compact Muon Sokenoid

OS: Signal region definitions

Strong on-Z Signal Regions

Region Niets | Npjets Hry M (£4) ET"* binning [GeV]
SRA b-veto | 2-3 | =0 > 500 GeV > 80 GeV [100,150,250,0]
SRB b-veto | 45 | =0 > 500 GeV > 80 GeV [100,150,250,00]
SRCb-veto | 26 | =0 - > 80 GeV [100,150,00]
SRAb-tag | 2-3 | >1 > 200 GeV > 100 GeV [100,150,250,0¢]
SRB b-tag 45 | =1 > 200 GeV > 100 GeV [100,150,250,00]
SRC b-tag >6 | >1 - > 100 GeV [100,150,00]

Electroweak on-Z Signal Regions
Region Niets | Npets dijet mass M, ET"® binning [GeV]
VZ >2 | =0 mj < 110GeV | Mrp(£4) > 80 GeV [100,150,250,350,00]
HZ >2 | =2 my;, < 150 GeV | Mo (¢beéb) > 200 GeV | [100,150,250,00]

Edge Signal Regions

Region Niets | ET™° Mra(£4) tt likelihood my; binning [GeV]
Edge Fit >2 > 150 GeV | > 80 GeV - > 20
tt like >2 | >150GeV | > 80GeV <21 [20,60,86],[96,150,200,300,400,00]
non-tt like | >2 | >150GeV | > 80GeV >21 [20,60,86],[96,150,200,300,400,00]

Christian Schomakers (RWTH Aachen)

Strong CMS SUSY searches with leptons

July 6th, 2017
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OS: On-Z results

SRA | ER[GeV] [ 50-100 100-150 [ 150-250 | 250+
Template | 208.5+16.1 | 13.6£3.1 | 25409 | 3.3+24
FS 04703 04793 | 02192 | 02%02
Rares 1.1:+£04 08+03 | 1.4+04 | 24408
Sum 210.0£16.1 | 14.843.2 | 4.0+1.0 | 59+25
Data 210 23 5 4
SRAb | EF™[GeV] | 50-100 100-150 [ 150-250 | 250+
Template | 9225104 | 82+21 | 12405 | 0.5403
FS 1.940.7 23408 | 17707 | 01192
Rares 1.9+0.4 19404 | 2.0£0.5 | 1.84£0.6
Sum 96.0£104 | 124423 | 49+1.0 | 2.5+07
Data 96 14 7 1
SRB | EF™ [GeV] [ 50-100 100-150 [ 150-250 | 250+
Template 1301+128 | 128%23 | 0.9£03 | 0.4£02
FS 0.340.2 04703 | 04703 | 01797
Rares 0.6+0.2 03+01 | 07402 | 1.2+04
Sum 131.0+12.8 | 13.6424 | 2.0£0.5 | 1.6752
Data 131 10 4 0
SRBb | EM™ [GeV] [ 50-100 100-150 [ 150-250 | 250+
Template | 379567 | 77+31 | 40+33 | 0.1+0.1
FS 07753 14758 | 11753 | 02757
Rares 1.3+04 20405 | 2.3+06 | 1.040.3
Sum 40.0+68 | 111432 | 7.4+34 | 1.3704
Data 40 10 5 0
SRC | EF™[GeV] | 50-100 100-150 | 150+
Template 23.8+5.5 1.2+04 0.1+0.1
Fs 0.1751 04703 | 01193
Rares 0.240.1 0.1+01 | 0.5+0.2
Sum 24.0+55 17405 | 07103
Data 24 4 0
SRCb | EX™ [GeV] [ 50-100 100-150 | 150+
Template | 9.9£3.7 01505 | 0.0+0.3
FS 01797 0.0703 0.3+0.2
Rares 0.0£0.1 0.6+02 | 0.6£0.2
Sum 100437 | 08+05 | 09703
Data 10 2 2

* Template prediction normalized in 1st bin
* Nosignificant deviation
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OS: Electroweak results & interpretation RWTH

CMS Preliminary 3591 (13 TeV) CMS Preliminary 35.91b (13 TeV)
B R T T T LI B e N

‘95% CL upper limit on ¢ [pb]

£ S e E— T " Da Z
8 EWK WZ/2Z Region Bl Templates 7 8 EWK HZ Region Bl Templates ] (f‘r/-‘
5 [ Flavor Symmetric | [ Flavor Symmetric | ~0
10 [mkars El , [ Rars | P X?__.- 5‘({1’
e E 10° e e
wz B i wz 1
102 w2z E B ] e ~0
1w ] y wioey M
10 .
W:I:
CMS Prefiminary 35.9 fb' (13 TeV)
10 1ot = 400 ~t 0 0 ~0 = =0 i
50 100 150 200 250 300 350 400 450 500 50 300 350 = PP =X, Xy X, 2+ R, oW
, E7™ [GeV] , Bz [GeV] @ a50] NLO +NLL exclusion — 10?
S1al o T S1al ‘ ' ] 9 --------- Expected limit, £1,2 6, 7
- I S JogEtl .  — N o —— Observed imit, £ 16, 1
83 83 300
2 o5 t N & 05 N L 1 <10
250 =
WZ/Z7 | E™* [GeV] | 50-100 100-150 | 150-250 | 250-350 | 350+ 2005_ ------ _ 7
Template 7732+319 | 293+44 | 29421 | 1.0£0.7 | 0.3£03 c ] 37
FS 9.4+3.0 111436 | 32411 | 01707 | 01792 1s0F- =
Rares 10.4+2.6 14.54+4.0 | 155451 | 5.04+1.8 | 22409 - 5 ]
Sum 793.0+£322 | 54.9+7.0 | 21.64+5.6 | 6.0+1.9 | 2.5+09 100l | 107
Data 793 57 29 2 0 c 3 3l 3
HZ ETSS [GeV] | 50-100 100-150 | 150-250 | 250+ sof 1
Template 76.7+9.4 29424 | 03+02 | 0.1+0.1 - A ! i OF S|
FS 42414 40414 | 47416 | 09+04 o R
Rares 1.140.3 07402 | 0.6+02 | 0.3+0.1 foo 200 300 400 500 600 700
Sum 82.0+9.5 76428 | 56416 | 1.3+04 M. = M. [GeV]
Data 82 9 5 1 w Xy

* Template prediction normalized in 1st bin
* No significant deviation
* Highest bins in WZ/ZZ region causes limits to be stronger than expected
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Construct likelihood out of four
variables that are characteristic for

dileptonic tt:
p]f}iss
* Dilepton p

« Ap(£?)

* sumofmyy,'s (my)'sif < 2 b-jets)

Evaluate shapes in DF data

Cross check with tt MC

Choose arbitrary 95%/5% bins

Events / { 4.66667 GeV )

Events / { 0.0418687 )

36.91b7 (13 TeV)

F cms
1400  Prefiminary
C —-s—data (OF) —fit data (OF)
1200
%2/ ndof = 0.75
10001
800
800
400
200~
E Ll . s - I
950 200 250 300 350 400 450 500
E’r'nlss (GoVv)
3
¢
z
| P LRI I .
3
36.9 17 (13 TeV)
350 CMS
Prefiminary
300 —s—data (OF) —fit data (OF)
250 %%/ ndof = 1.83

OO

Pull
b Loame
» T
8
-
il
el T
-8
o
=
=
.

OS: tt likelihood discriminator
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OS: Off-Z results RWIH

§

36.91b (13 TeV) - - . . : 35“9Tb (13 Tev)
E 12;gnelﬂ|¢§rn;ry # Iikle signal re‘gion . 8 1.2 ﬁg’flr'gtnary non 1 like signal region i
AN I A et
5 8:— Tot. unc. E L%J 0.82— Tot. unc. é ~ 200— ‘ i I ?5.9f‘b (1?TeV) = 200— I . ?5.9 f‘b (1§TeV)
2 B Template ] r B vempiate R [} CMS } Dt [0 CcCMS -~ D
[ B Reores - 06 } I rores i S)) F Prefiminary o . - E:D) b Prefiminary — FS background -
4;7 *; 04 7] w1so- e signal | & 1501 i
Zi i 0.2 : : "g ..... Drell-Yan background E
F ] - * i s ] r 4 ackgroun: [ )
° 100 200 300 200 500 ! 100 200 300 400 500 i e i
m, [GeV] m, [GeV] 100 Baseline Signal Region—| 100~ Baseline Signal Region—
: : ; 7 mEHe — 144,257 Gev
S5 o879 + _ﬁ_l_ | i fitted NZ%° 61,4 £27.9 | i 1
%% " | g% Lz i 1
9 E 0 : . ——— : g 05— . B
i o 1
> it i B A, "
Mass range [GeV] I FS ‘ Tenjplate I Rares ’ Sum ‘ Observed 200 400500
tt like m, [GeV]
20-60 29097307 | 04+0.3 | 1405 | 29277307 273 =1 I T S TN~ B S B I 5
15.7 16.1 e { } yr | R 3
60-86 18057737 | 09207 | 8834 | 190175, | 190 sl g, i amk R T S T O%Uiﬁl M Md“wt | Dl ] e Rt
96-150 17557154 | 11409 | 60424 | 18277157 | 192 3 AT - I A TR 3
p p 2 i Tt = 2 1 1
150-200 7337004 | 01401 | 04402 | 739700 66 A e 2o L S e 3
200-300 469784 | 01£0.1 | 03+0.1 | 473752 42
300-400 185057 | 0.0£0.0 | 0.0+£0.0 | 186737 1
+3.4 +3.4
>400 43531 | 00200 | 01400 | 4553 4 Drell—Yan 191 + 19
non-tt like .
20-60 33732 | 07£05 | 14405 | 53'57 6 OF yield 768 =24
60-86 33172 | 16+13 | 69427 | 11831 19 Rsg,/0F 1.07 -+ 0.03
96-150 66757 | 19+15 | 68+27 | 153737 28 :
150-200 55737 | 02403 | 07403 | 64737 7 Slgc?al events 61.4 =279
200-300 33732 | 02402 | 05402 | 39732 4 my, > 144.2133 GeV
300-400 33737 | 0a1+01 |o02+01 | 35737 0 Local sionifi 5 3'
>400 11735 | 01=01 | 04+02| 1633 5 ocal signiticance o0
Super signal regions (non-tt like) Global Significance 15¢
20-86 65137 | 23+15 |83+32 | 17133 25
>96 196735 | 24+16 | 85+£34 | 306770 44
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'LS: Signal regions
:
No | 72 (GeV) | EP (GeV) | New | Fir < 300GV | Hy £ [300, 1125 GeV | Hiy € [1125,1300] GeV | Fr € [1300, 1600] GeV | Hy > 1600GeV
24 SRI SR
cx |0 58 SKA
2000 | 23 SRE(e1) /SREC)
0 o E—: SR3 SRE (++) / SR9 )
=5
=120 —
200300 24 SKI0
24 [ SR SRI2
Signal regions split according R S -
to leoton . 0300 | 23 SKI7 ) 7SRIS )
P pT : ! PPV = 1 E*)*) ! TSR3 (r+) / SRAL ()
55 | ¢
e Both > 25 GeV — HH [ e SR22 SRAG (++) / SRAS (++) / SR50 (++) /
=5 SRA7 () SRA9 (-) SR51 ()
24| SR SR
* One 10_25 GeV - HL <120 020 5 SR27 (++) / SR28 ()
- 00 |22 SR29 (+4) / SK30 ()
=5 SR31
* Both 10—25GeV - LL 2 et 1< 1 ot we DA S v ST
=5
=120 =
200300 |24 SK34
NS = ke
- >120 50-300 | 22 SR40 SR41
| 300— 500 = SRA2 (++) / SRA3 (=)
inclusive | inclusive ~50 >2 B SRa4 (++) / SRA5 ()

HL

[N, [ mP™(GeV) | EM™ (GeV) [ Niew | Hr < 300GeV [ Hy € [300,1125] GeV | Hy € [1125,1300] GeV [ Hy > 1300 GeV |

s0-200 2% SR1 SR2
0 <120 =5 oR4
500 — 300 2-4 SR3 SR5 (++) / SR6 (--)
>5 SR7 L L
24 SR8 SR9
. 1o 50-200 —= SR10 (12)/ SR12 (+4) / SRI3 () N, | m(GeV) [ Hy (GeV) [ BT € [50,200] GeV | EF™ > 200GeV |
200—300 2% | orm “) SR14 (++) / SR15 () 0 SR1 SR2
> i
=5 SR16 (++) / SR17 (—-) SR38 (+4) / SRA0 (+4) / 1 =120 SR3 SR4
2-4 SR18 SR19 2 =300 SR5 SR6
50 — 200 SR39 (--) SR41 (--)
=5 SR22 (++) / SR23 () >3 SR7
2 <120 SR20 (++) / ==
200 —300 24 | srm ) SR24 (++) / SR25 () Inclusive >120 SR8
>5 SR26
50 — 200 SR27 (++) / | SR29 (++) / SR30 ()
>
23 <120 200 300 | =2 | SR28 (--) SR31
inclusive =120 50 —300 | =2 SR32 SR33
e | e 300 — 500 — SR34 (++) / SR35 (-)
inclusive | inclusive <500 >2 . SR36 (++) / SR37 (<)

Christian Schomakers (RWTH Aachen) Strong CMS SUSY searches with leptons July 6th, 2017 29



CMS /]
' LS: Results
i
,§ [ ]
HH regions HL regions LL regions
| Expected SM  Observed | Expected SM  Observed | Expected SM  Observed
SRI 168 + 98 135 119 = 100 D 120+ 3.0 12 . . . .
SR2 162 + 25 166 100 + 20 101 1.88 + 0.62 3
SR3 | 244454 30 92424 6 155+ 47 17 Aggregate InCIUSIVe Slgnal reglons
SR4 | 17.6+3.0 24 150 + 4.5 13 142 +0.69 4 - ‘ .
SRS | 17.8+39 » 73+15 14 42414 5 SR | Leptons | Nieww | Ny [ Hr (GeV) [ EF™ (GeV) | mf™ (GeV) | SM expected [ Observed [ NI
ggf; 1792 + 527 g 1461 i [1]58 g 83; + gég 3 InSR1 >2 1 0 | >1200 >50 — 400 £0.79 10 12.35
96 0. ' : 93 = 0. >2 | > > > — . . .
SRS | 4.58+0.81 5 300 + 82 346 0.09 + 0.07 0 inng ;i 22 | 21100 ;45 0 3 gi i 071 j 5 63
SRO | 3.63+075 3 7317 95 nSR3 > 0 - 2450 - 3.72£083 5.6
SR10 | 2.82+056 3 2,30 +0.61 1 InSR4 >2 | >2 — >300 — 332 +0.81 6 8.08
SRI1 | 313487 304 224 =087 1 InSR5 >2 |0 — >250 >120 1.68 + 0.44 2 446
ggg ;0: ffg ‘1‘3' 182-98 j;;j 182 InSR6 HH >2 | >2 — >150 >120 3.82+ 076 7 9.06
SR14 87120 1 45413 5 InSR7 >2 0 >900 >200 — 56 +1.1 10 10.98
SR15 144 +29 17 47 +16 4 InSR8 =2 | =22 =900 =200 — 58+13 9 9.77
SR16 | 127426 10 23+11 1 InSR9 >7 | — — >50 — 101+27 9 7.39
ggig 37;2 + é?’g 121 U-;i i (11-229 ;2 InSR10 >4 | — — >50 >120 15.2+ 3.5 22 16.73
92 + 0. o -
SR19 | 3264074 3 iy 24 InSR11 =2 | =3 >50 13.34+34 17 13.63
sR20 | 26427 1 050 = 017 ) InSR12 >2 [ 0 | >700 >50 — 36+25 3 491
SR21 | 3.02+0.75 3 0.34 +£0.20 1 InSR13 L >2 | — — >200 — 49+29 10 11.76
gﬁzz 2.80 +0.57 1 52412 9 InSR14 >5 | — — >50 — 73455 6 6.37
R23 70 £12 90 49+14 6
>2 | > — > — X . .
SR24 | 357459 40 0.97 +0.27 0 InSR15 22 | 23 250 106 +099 0 231
SR25 | 3.99 +0.73 2 1.79 + 0.74 0
SR26 | 2.68 + 0.80 0 1.01 +0.27 1
SR27 | 97 +18 9 1.03 + 0.44 1 . . .
SR28 | 7.9+125 8 1.33 = 0.61 0
or2o | 278 % 058 . 289 + 099 3 Aggregate exclusive 5|gnal regions
SR30 | 1.86 +0.38 1 2.24 +0.79 2
o3l | 220 + 054 1 027 + 0.30 ] [ SR | Leptons [ Niets | Ny | E2 (GeV) | Hr (GeV) | M (GeV) | SM expected | Observed |
SR32 | 1.85+0.39 5 0.79 £0.33 1 ExSR1 >2 0 50-300 <1125 <120 for Hy > 300 700 = 130 685
%Rf 1.20 + 032 0 0-52 + U-f 0 ExSR2 >2 |0 50-300 | 300-1125 >120 11.0+22 11
hee | 18 ioe : S o ExSR3 >2 | 1 | 50-300 <1125 | <120 for Hy > 300 | 477 + 120 482
k36 | 143 L0357 2 051 £ 015 3 ExSR4 >2 | 1| 50-300 | 300-1125 >120 84 +35 8
SR37 42+13 2 0.15 £ 0.07 0 ExSR5 =2 2 50-300 <1125 <120 for Ht > 300 137 £ 25 152
SR38 | 3.04+068 4 1.07 £0.33 3 ExSR6 HH >2 | 2 50-300 300-1125 >120 49+12 8
ggig ggg i géi (1] ?gi i gég 2 ExSR7 >2 | >3] 50-300 <1125 | <120 for Hr > 300 | 11.6 £3.1 10
SR41 | 080022 3 123 =053 1 E"gﬁg i; >3 52;%%0 303_;10%25 2120 2'587:10;5% 33]
SR42 | 134419 19 X 22 | — 2 = - . .
SR43 80+£3.0 8 ExSR10 >2 | — 50-300 >1125 — 101 +£22 14
SR44 | 333 +£0.74 3 ExSR11 >2 | — 50-300 <1125 <120 1070 £+ 250 1167
SR45 | 0.94 026 1 ExSR12 >2 | — | 50-300 <1125 >120 1.33 + 046 1
SRi6 | 2922050 3 Bxsr1z | F | =2 >300 >300 - 9.9+25 12
SR47 | 178 +042 3 X = - = = - : -
SR48 | 1.95+0.39 5 ExSR14 >2 | — 50-300 >1125 — 47+18 8
SR49 | 1.23 +030 3 ExSR15 LL >2 | — >50 >300 — 37 £ 12 43
SR50 | 1.46 031 0
SR51 | 0.74+0.18 0
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LS: Additional interpretations  RWIHACH

Model independent limits

CMS 35.9 b (13 TeV)
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Multilepton: Results b

Off-Z signal regions On-Z signal regions
b-tags Hry (GeV) E%‘i“ (GeV) | My (GeV) Expected Observed SR b-tags Hr (GeV) | EXiss (GeV) | My (GeV) Expected Observed | SR
120 266 + 5 + 39 241 SR1
50150 <120 206 + 6+ 35 201 SR1a 50150 < a
£0.400 > 120 14405402 3 SR1b 60400 > 120 30+2+4 33 SR1b
150300 <120 259421+43 24 SR2a 150-300 <120 53.8 42248 61 SR2a
bt > 120 0.84 +0.34 +0.12 0 SR2b 0 b-tags > 120 5.69 4 0.76 £+ 0.69 9 SR2b
-tags
& 50.150 < 120 156+ 1.6 + 2.1 21 SR3a 50-150 < 120 446+19+6.5 52 SR3a
400600 >120 | 0.19+0.09 + 0.02 0 SR3b 400-600 > 120 51406407 6 5R3b
=000 120 60L08L07 5 SR4a 150300 <120 166 +13+£25 17 SR4a
>120 | 0.19+0.09 + 0.04 0 SR4b = 120 14303302 1 SRab
a0 20150 202 L61ad o1 SRS 60400 50-150 115.70 +3.50 = 15.23 115 SR5
1bot 150-300 inclusi 256 +1.9+4.6 25 SR6 1 b-tags 150-300 inclusive 2712228 19 SR6
-tags mclusive -
& 400-600 50-150 154 +13+22 21 SR7 400-600 1550013550 2‘225 i B“;ii‘é 295 zﬁg
150-300 73+1+£11 7 SR8 - -
50-150 47+16+74 64 SR9
50-150 477428476 51 SR9 60-400
60-400 150300 53105408 5 SRI0 > bt 150300 | 72408412 6 SR10
- . . X -tags inclusive
2 b-tags inclusive 5 5 400-600 50-150 117+1+21 12 SR11
400-600 20-150 >8+£07-£08 i RI1 150-300 26+04+04 6 SR12
150-300 29405404 2 SR12
| >3b-tags | 60-600 50-300 | inclusive 47405409 5 | sri13 |
>3b-tags | 60-600 50-300 inclusive | 39+0.7+06 6 \ SR13 \
50150 <120 334+2+4 42 SR14a
50150 <120 144+12+1.6 20 SR14a . =120 26106106 6 SR14b
- 600 >120 | 028+0.1440.04 0 SR14b oy = 50500 =120 158 L1242 13 SR15a
o - <120 | 121+14+16 10 SR15a mncustve : =120 19403202 n SR15D
inclusive 150-300 = ' . .
>120 | 04040124005 0 SR15b - 60 - 300 <120 191+11+28 23 SR16a
- 60 ~ 300 <120 121415419 7 SR16a - - > 120 2.28+0.35 +0.26 5 SR16b
- - >120 | 0.70£0.25+0.11 0 SR16b
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