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in multilepton final state at 13 TeV at CMS
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CMS dataset

CMS

@ today's results concern data corresponding to an integrated luminosity of 12.9 fb™

* LHC is working extremely well — much more data to come

Total Integrated Luminosity (b ')

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-09-09 22:19 UTC
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B LHC Delivered: 31.32 b !
[ CMS Recorded: 28.82 b !
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* coloured susy particles such as gluinos/squarks subjected to strong
interaction have not (yet) been discovered

- stringent contraints on their mass (> 1-2 TeV )
- EW SUSY searches become even more relevant (and even more so as lumi increases)

* EW SUSY — production of charginos and neutralinos via EW interactions
- search (per se) for SUSY partners of EW gauge and scalar sectors of the SM

- production cross sections are lower than for strongly produced SUSY particles (at same mass
- Run 1 mass constraints on EW gauginos are milder than on gluinos and squarks
- gauginos are expected to be lighter than gluinos and squarks (naturalness, split susy)

* Leptonic final states

- R-parity conservation is assumed

- gauginos may have significant BRs to W, Z or sleptons which can decay to leptons
- can have hard and 1solated leptons in the final state

- small background from SM (channel formerly known at pre-LHC time as the golden channel)
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light sleptons
final states with 3 leptons
(or 2 SS leptons if one lepton is missed)
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heavy sleptons, direct decay to W/Z W
final states with 3 leptons

Multiple final states
— enhance sensitivity

— cover as large a phase space as possible
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heavy sleptons, direct decay to WH

final states with 3 leptons (H — WW)
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selection SS dilepton channel
# leptons 2, same charge
leptons p, for e(p) 25 (20) / 15 (10)
# taus 0

lepton p, for t,(e/p) -

# jets 0,1
veto evts with OSSF pair
with M, <12GeV yes
veto evts with on Z M ,, no
veto evts with >0 b-tag jet yes
ME >60
overlap removal no third lepton

CMS-PAS-SUS-16-024

trilepton channel
3
25 (20) / 15 (10) / 10
0,1,2
20 (30 / 25)
>0
yes

yes (in certain category)
yes

>50

no fourth lepton

CMS

4-lepton channel

>3

25 (20) / 15 (10) / 10 /10

>0

20

>0

yes

no

yes

>0
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CMS-PAS-SUS-16-024

3 lepton final state 4 lepton final state

1 tau 1 tau

signals
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» Non-prompt leptons : ° WZ: CMS-PAS-SUS-16-024

- Data driven, tight-to-loose ratio - estimated from MC

- probability for a fake lepton (fake ratio) to pass the - normalisation and shape uncertainties driven by
tight requirements (using dedicated control sample) Control Region (CR) in data

- probability then applied to the sidebands of the
signal region

- validity checked on MC

@ Conversions :
- estimated from MC, validated in data

@ Flips (only for SS):

- estimated from MC, validated in data

@ Rare SM processes : from MC
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2 lepton same sign results

CMS-PAS-SUS-16-024

CMS

Niets | Mr (GeV) | pf (GeV) | EZS5 < 100GeV | 100GeV < EMSS < 150 GeV | ET'SS > 150 GeV
100 < 50 SS 01 SS 02 SS 03
0 > 50 SS 04 SS 05 SS 06
< 50
> 100 > 50 SS 07 SS 08 SS 09
- 100 < 50 SS 10 SS 11 SS 12
) > 50 SS 13 SS 14 SS15
< 50
> 100 > 50 SS 16 SS 17 SS 18
Niets | Mr py | ERUSS < 100GeV | 100 < ERNSS < 150 GeV | EXUSS > 150 GeV
(GeV) | (GeV) exp obs exp obs exp obs
<100 <50 | 31056 294 15+ 4 16 1.8+ 0.6 2
0 >50 | 180+32 191 36 +8 33 79+ 19 4
> 100 - 32+7 29 15+ 3 9 15+3 9
<100 <50 | 12025 127 33+7 43 72+1.5 14
1 >50 | 150 £29 146 49 £+ 10 59 20 £ 4 39
> 100 - 12 +2 13 8.7+ 1.6 8 434+ 1.0 6
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Compact Muon Solenoid
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7 lent events further categorized in CMS Preiiminary 12.9 fo! (13 TeV)
. . 2}

cpton number of jets (0 or 1 ISR jets) € 400 L B| '5 dsamesgn ]
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glimpse at 3 lepton channel results
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Data in good agreement with SM prediction
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10t CMS preliminary 12.9 fb" (13 TeV)
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a 4 lepton channel results
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CEA - Saclay 4 lepton final state
CMS Preliminary 12.9fb™ (13 TeV)
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results can be interpreted in several scenarios
and different mass splitting

many assumpations have been made
(e.g. branching ratio to leptons 1s 100%)

Interpretation I

CMS preliminary 12.9 fb'' (13 TeV)

; 400 -
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CMS-PAS-SUS-16-024

CMS

Compact Muon Solenoid

CMS preliminary 12.9 fb™ (13 TeV)
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M_o [G eV]
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CMS Freiiminary 12.9 fo' (13 TeV)
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Interpretation 11

3 lepton signal region interpreted in terms of chargino-neutralino
EW production assuming heavy sleptons and decay into W, Z and h bosons

CMS

Compact Muon Solenoid

H
P2 ,/’,
)zg 2O 0
. )zit e e )~<(1J
Py \\_\
W:I:
CMS Freiiminary 12.9 fo' (13 TeV)
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1 \“ . e
300 10

200

250
m.. = m_ [GeV]
7, Z,

95% CL upper limit on cross section [pb]
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OSSF dilepton search - revisiting the on-Z search

@ select events with 2 OSSF leptons (pT > 25/20 GeV) and :

MET > 150 GeV
at least 2 jets

Events

dilepton invariant mass in [81-101] GeV
@ binning in number of jets & number of b-jets

@ signal region in MET bins (+ATLAS SR)

@ background estimation :
- DY from gamma-+jets control region

- emulation of MT2 variable

@ Search strategy :

- defined by applying tighter cuts on MT2, MET
and angular distance between MET and jet to
suppress background from ttbar and fake MET

CMS-PAS-SUS-16-021

I T T T T T I1I2.I9 fb—l1 (I13l -I-Ie|V)I T

T T T T T T T T ]
10° - CMS -e-data —

Preliminary = ZVZZ
4>
[] Other rares
Signal region 3 ttbar

DY

102

10

250

300
ET [GeV]

£
505
2 G 100 150 500 50 300

13
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OSSF dilepton search - revisiting the on-Z search i
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CMS Preliminary 1297 (13T
T T

T 1T 7T I T T T I T 1T T I T T T T T

D
BES

~+ ~0 ~0
pp — X, X m(x,) =0 GeV

G [fb]

10°

. ~0 0 ~t +
@ no evidence for new phenomena K= Z+ 26 %> W+

— Observed 95% CL
---- Expected 95% CL
I+ 1 s.d. expected range
]+ 2 s.d. expected range
Il Theory

- put limits on simplified model
of chargino-neutralino production
assuming heavy sleptons and
decay to W/Z bosons

10*

108

- observed limits are weaker than expected
10°

T IIIIIIII

100 200 300 400o 500 N 600
M) = M%) [GeV]

CMS-PAS-SUS-16-021 14
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a Soft OS dilepton searches

CMS, !

* motivated by SUSY scenarii with small mass splitting : compressed SUSY

@ Jook for final states with :

@ design a dedicated trigger strategy

- 2 soft OS leptons (ee/mumu) with pT in [5 (3.5) — 30] GeV

- MET
- at least 1 jet

- 2 low pT muons with MET

- increase sensitivity by factor 2

CMS-PAS-SUS-16-025

j’ff

R 928 “““ X

7 ﬁ’\:._::\—_ %
W

Variable SR selection criteria
Ny = 2 (ee,pip, ep)
Q(1)Q(¢2) —1
pr(t1), pr(t2) [5,30] GeV
pt(p2) for high EFVss t-like SR [3.5,30] GeV
|17, <24
7] <25
d, (£1,2) & dxy(gl,Z) < 0.01 cm
ISOrel(sz) & ISOabs(flg) <05 & <5GeV
pr(jetl) > 25 GeV
17| (jet1) <24
Np (>25 GeV, CSVL) =0
M(£40) < 50 GeV
pr(£0) > 3GeV
Efiss > 125 GeV
EF"SS (muon subtracted) > 125 GeV
EMiss / Hy [0.6,1.4]
Hrt > 100 GeV
M(L0) > 4 GeV
M(¢0) veto[9,10.5] GeV
M veto|0, 160] GeV

My (ly, ENiss), x = 1,2

< 70GeV (for electroweakino selection 01115



a Soft OS dilepton searches

background estimation methods

I ¢ act Muon Solenoid
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t t Control Region

CEA - Saclay CMS Preliminary 10.1 167 (13 TeV) CMS Preliminary 12.9 fb'1‘(13 TeV)
£ 8oF+eData ] [« Data
5] F W) 5] Fmt@)
. . 2 zopmovdes  ME,> 125 GeV > %@ovies  ME,> 200 GeV
* dileptonic ttbar - o
- shape from MC sof Bies 4ol Bies
. . . . 40F i
- normalised in dedicated data control region _: o
. . . E 20f
- extrapolation to signal region from MC 20; :
10 102
> Drell-Yan
3 o : 8 o ]
- shape from MC 5 e § zf}l e
- nOI‘mallsed 1mn dedlcated data ContrOI reglo T %1615 35 555055 4545 B0 ° 0(; 516155625 30 35 40 45 50
M(ll) [GeV] M(ll) [GeV]
- extrapolation to signal region from MC DY Control Region
CMS Prellmmary 10.1 fo" (13 TeV) CMS Prellmmary 12.9 1" (13 TeV)
_.g —;l')'a'té """" frrrrrTTTT |RERRA R R B _.g _';b'a't'a """" frrrrrTTTT |REERE RERERRRERA REREE RER
» VV g 3°;§§‘§?,ets ME, > 125 GeV - g B ME;> 200 GeV E
- from MC, validated in data & E O Bt E
o 20 - Bt(akes) ] 25 EIES';ZS)) + 3
» Non-prompt
- from data, using tight-to-loose method 10r 1o
5p 5
» Rare SM processes : o
-fromMC 24*7 EMﬂ__
% ok _+_+ ) e . 4_4; ‘{ % zi ——— _¢_++*$7 ‘_
(m] o (m]

CMS-PAS-SUS-16-025 0 5 10 15 20 25 30 SSM(‘:})) [ésevs]o 0 5 10 15 20 25 30 35 40 [géq



a Soft OS dilepton searches CMS,

interpretations

Compact Muon Solenoid
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@ selection optimized for EWKinos signatures

CMS Preliminary 1041 fo” (13 TeV) CMS Preliminary 129 1o (13 Te)

signal regions defined by binning in the 5 ' ‘oo 5 i,
. . . . w r 7 o @)
ivariant mass of the dilepton pair 2 - SV 6 e
101 mw ] W ]

- [Fakes 5 [JFakes _:

5 CMS Preliminary  10.1-12.9 " (13 TeV)

_ 2
> ~0 ~+ ~0 ~0 ~+ -0 7] 10 —
) PP =X, X X, > LA X, > WX, ’ g
O, 4 =Observed + 1o, i = N 0
— oo o ° 3 O 3F E
ol?é_ 40 ;.:_.:.ExpeCted +1 Gexperiment i‘2Gexperiment | '§ % 2 | E é of | E
N - - _ fu 1 1 | < 1 | |
OIXN 7 @ gor..g*f......go._g“T“‘.
- 35_ — — g 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
c C . o M(ll) [GeV] M(ll) [GeV]
C _ o
30— = c
< E E —410 O
25/ =4 | E
E-. 1 o
201~ 4 1 g @ complementary search
- 4 A -l
15 . 4 1 o — probe a much more compressed
10/ R s 32 region of phase
:I Iil | 1 'I | | 1 1 I'l | | 1 I.I 1 I: m
100 120 140 160 180 200 220 |

Mz 7 [GeV]l  cvs-pas-sUS-16-025 17
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/Y Summary CMS

extended 8 TeV searches, improved search strategy and increase sensitivity almost

everywhere

many final states probing different regions of phase space

no evidence for new phenomena

results interpreted in the context of .

m%o [GeV]

simplified model of chargino-neutralino

final states were combined to improve
sensitivity

need more data to probe some regions of
the phase space

LHC is performing extremely well
- more results to come by the end of this year
- stay tuned !
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0 tau
nOSSF=1
on Z, off Z
M, bins

3 lepton channel results

CMS

Compact Muon Solenoid

3 lepton final state

0 tau

1

nOSSF=1
on Z, off Z
M, bins

4PN
nOSSF=0

Mll’ MT
bins

1 tau 2 taus
SSt It
M, My, M
{ bins J i
MTZ
nOSOF=1
MII’ MTZ
bins

Mr (GeV) | EF™* (GeV) | My, <75GeV | 75GeV < My < 105GeV | My, > 105 GeV
50 — 100 SR A01 SR A13 SR A25
0 — 120 100 — 150 SR A02 SR Al14 SR A26
150 — 200 SR A03 SR A15 SR A27
> 200 SR A04 SR Alé6 SR A28
50 — 100 SR A05 SR A17 SR A29
120 — 160 100 — 150 SR A06 SR A18 SR A30
150 — 200 SR AQ7 SR A19 SR A31
> 200 SR A08 SR A20 SR A32
50 — 100 SR AQ09 SR A21 SR A33
- 160 100 — 150 SR A10 SR A22 SR A34
150 — 200 SR A1l SR A23 SR A35
> 200 SR A12 SR A24 SR A36
Mt (GeV) EITniSS (GeV) | myy < 75GeV | 75 < my; < 105GeV | mypy > 105 GeV
50 — 100 82 +11 94 | 900 + 100 933 56 4+ 8 40
0— 120 100 — 150 204 22 | 170 £33 175 14 £+ 3 11
150 -200 |44+13 4 49 + 12 48 3710 6
> 200 23+06 2 36 + 10 35 46+t14 5
50 — 100 8022 14| 4016 41 47 +15 4
120 — 160 100—-150 |25+10 4 | 80+t29 7 1.8+06 2
150 —200 | 0.74+03 0 | 1.2+0.6 3 084+03 O
> 200 04+03 0| 1409 0 03+£02 0
50 — 100 50+15 3 13 +4 11 3511 2
< 160 100—-150 |52+14 7 | 90+t25 5 4012 6
150—-200 | 1.3+£05 2 | 34+12 3 094+03 O
> 200 16+06 1 | 29+09 5 134+04 O
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0 tau

3 lepton channel results

CMS

nOSSF=0
Mlﬁinlsz Mt (GeV) | EF™° (GeV) | My, < 100GeV | My > 100 GeV
0— 120 50 — 100 SR BO1 SR B04
> 100 SR B02 SR B05
3 lepton final state > 120 > 50 SR B03 SR B06
0 tau 1 tau 2 taus
‘nOSSF=1 SSt 11 _
onzoffz Mo M oy, Mr (GeV) | Ef" (GeV) | my, < 100GeV | myy > 100 GeV
M bins i/-ITZ 0 — 120 50 — 100 29+7 26 2610 1
(— - e > 100 98+26 12 |08+03 1
My, My | (a0SOF=i > 120 > 50 13+3 11 |[30+£11 3

bins M11 5 MTz
bins
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1 tau

SSt
MII’ MTZ
bins

3 lepton channel results

3 lepton final state

0 tau
'nOSSF=1

on Z, off Z
M, bins

()
nOSSF=0

Mll’ MT
bins

1 tau 2 taus
SSt It
M, My, M
{ bins J i
MT2
nOSOF=1
MII’ MT2
bins

CMS

Compact Muon Solenoid

| Mo (41, 7) (GeV) | ERSS (GeV) | My < 60GeV | 60 < My, < 100GeV | My > 100 GeV |

50 — 100 SR E01 SR EO5
100 — 150 SR E02 SR E06

< 100 150 — 200 SR E03 SRE07 SR E09
= 200 SR E04 SR E08
> 100 > 50 SR EL0

| M12(1, 7) (GeV) | ER'* (GeV) | myy <60GeV | 60 < my, <100GeV | my > 100 GeV |

50_100 | 19t4 20| 16+:4 26
100=150 |45+15 8 |34L1.0 5
<100 150 =200 | 14206 0 |07 =03 1 L6+07 4
>200 | 09L03 0 |05L02 0
> 100 =50 13105 1




/ 3 lepton channel results CMS

Compact Muon Solenoid

/

CEA - Saclay

1 tau [ Mr(1, 62) (GeV) | BT (GeV) | My, < 75GeV | 75GeV < My < 105GeV | My, > 105GeV |
50 — 100 SR CO01 SR CO05 SR C09
- 100 100 — 150 SR C02 SR C06 SR C10
150 — 200 SR C03 SR C07 SR C11
> 200 SR C04 SR CO08 SR CI2
- 100 50 — 200 SR C13 SR CO05 — SR C07 SR C13
= > 200 SR C14 SR C08 SRC14

3 lepton final state

regions where there is a Z candidate are not split in MT2 categories.

0 tau 1 tau 2 taus
‘nOSSF=1 SSt S ltt
on Z, off Z M’éf M, M,,
111S
M , bins M, TS
" M1y (1,1) (GeV) | EF™* (GeV) | my < 75GeV | 75 < myy < 105GeV | my > 105GeV
0SSE=0 ] — 50— 100 | 200 =50 162 | 1000 £300 1007 | 120 £33 114
~ 100 100—-150 | 25+7 27 38 £ 8 35 31+£9 20
M, M, nOSOF=1 150 —200 [40+15 2 | 11.3+26 7 63+22 7
bins M,, M > 200 33+14 2 76+ 1.8 7 43115 7
N/ bins " |

| Mo(1,1) (GeV) | EZ (GeV) | off-Z

50—-200 |37=x11 6

= 100 > 200 0502 0
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3 lepton channel results

1 tau

nOSOF=1
MII ’ MT2
bins

3 lepton final state

CMS

Compact Muon Solenoid

[ M2 (01, 05) (GeV) | BT (GeV) | My < 60GeV | 60 < My, < 100GeV | My, > 100 GeV |

0 tau
'nOSSF=1

on Z, off Z
M, bins

()
nOSSF=0

Mll’ MT
bins

1 tau 2 taus
SSt It
M, My, M
{ bins J i
MT2

nOSOF=1
Mll > MTZ
bins

50 — 100 SR D01 SR D05 SR D09
< 100 100 — 150 SR D02 SR D06 SR D10
150 — 200 SR D03 SR D07 SR D11
> 200 SR D04 SR D08 SR D12
50 — 200 SR D13
= 100 > 200 SR D14
MTz(l, l) (GeV) E%USS (GeV) myy < 60GeV | 60 < my; < 100GeV | myy > 100 GeV
50— 100 | 100 £30 82 | 97 £ 28 83 23L7 25
- 100 100—150 | 41 £12 27 | 32+ 10 26 81+27 7
150 —200 | 83 +£25 10 | 85+ 2.8 6 25+11 4
> 200 48+18 3 |274+1.1 6 14+07 2
50 — 200 35+14 1
>
= 100 > 200 03+=03 0
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3 lepton channel results

CMS

3 lepton final state

0 tau
'nOSSF=1

on Z, off Z
M, bins

()
nOSSF=0

Mll’ MT
bins

1 tau

2 taus

SSt
Mll’ MTZ
bins

nOSOF=1
Mll > MTZ
bins

It
Mll’

MT2

bins

MTz(g, Tl) (GeV) ET7° (GeV) | My, <100GeV | My, > 100 GeV
50 — 100 SR FO1 SR F04
< 100 100 — 150 SR F02 SR F05
> 150 SR FO3 SR F0O6
50 — 200 SR F07
>
= 100 > 200 SR FO8

MT2 (l, T) (GeV)

EMiss (GeV)

myy < 100 GeV

Mmyy > 100 GeV

50—-100 | 100+28 82 30 £8 20
< 100 100 — 150 16 =5 17 | 7021 6
> 150 6521 3 |24+£09 2

50 — 200 29+1.2 1

= 100 > 200 0.5+04 1
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4 lepton final state

0 tau

1 tau

4 lepton channel results
: 01, > 11,
miss
ET™ (GeV) - 585F =2 [ nOSSE <1 | nOSSE > 0
0 — 30 SR GO1 SR HO1 SR 101
30 — 50 SR G02 SR HO2 SR 102
50 — 100 SR GO03 SR HO3 SR 103
> 100 SR G04 SR HO4 SR 104
miss OTh > 1Th
ET™ (GeV) —0ssr=7 nOSSE<1 | nOSSE S 0
0—30 148 4+ 40 193 | 3.1 4+0.8 3| 109+26 19
30 — 50 50 =12 62 1.8+=04 O 7.8 2.0 9
50 — 100 12.7 +2.9 11 27+05 5 90+23 6
> 100 25 +05 2 35+10 3 2.1 4+0.7 2
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4B

Ewkinos in multileptons
systematic uncertainties

CMS

Source estimated uncertainty (%)
e/ u selection 3
Ty, selection 6
Trigger efficiency 14
Jet energy scale 2-10
b tag veto 5
Pileup 1-5
Integrated luminosity 6.2
Theoretical (ttZ and ttW) 15
Theoretical (ZZ7) 25
Conversions 20-50
Other backgrounds 50
Monte Carlo statistical precision 1-30
Nonprompt leptons 30-36
Charge misidentification 30
WZ normalization 9-11
WZ shape 10-80

CMS-PAS-SUS-16-024



/Y dilepton searches CMS

/

OSSF dilepton search - revisiting the on-Z search

CEA - Saclay

@ ATLAS Signal Region (SR)

pl;ading lepton > 50 GeV , p;ubleading lepton > 25 GeV
H, + p + Py > 600 GeV
E™ > 225 GeV

A ¢|each of the leading jets, Ex**| > 0.4

@ reminder

iy = min [max{m}(pr- ) mi(pr o))

CMS-PAS-SUS-16-021
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dilepton searches

OSSF dilepton search - revisiting the on-Z search

CMS g
s}
=
K]
[}
(2}
=

S
3
=
B
©
a
=
S
o

MET region 150 — 225 GeV  225-300 GeV > 300 GeV
Other rare 1.53 £0.79 0.80 =045  0.40 = 0.23
WZ 7.01 = 2.16 2.67 == 0.85 2.61 = 0.84
4 4.20 == 1.98 2.60 = 1.36 2.03 = 1.08
DY prediction | 18.28 = 2.91 4.69 1= 2.32 2.73 = 1.56
tt 3.91 = 1.36 0.50 == 0.27 0.10 = 0.11
Total bkg 349 =44 11.3 129 79 2.1
Observed 45 15 7

CMS-PAS-SUS-16-021




/Y dilepton searches CMS

/

OSSF dilepton search - revisiting the on-Z search

CEA - Saclay

Source of uncertainty Uncertainty (%)
Luminosity 6.2
Pileup 0-3
b tag modeling 0-5
Lepton reconstruction and isolation 7
Fast simulation scale factors 4-5
Fast simulation MET uncertainty 1-10
Trigger modeling 5
Jet energy scale 1-5
ISR modeling 0-10
Statistical uncertainty 1-9
Total uncertainty 12-16

CMS-PAS-SUS-16-021



/ Soft OS dilepton searches CMS
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Process E%ﬁss = [125-200]
4 < M(6) <10 10 < M(€f) <20 20 < M(€f) <30 30< M(£f) <50
tt(20) 0.1 0.1 0.4 +0.2 09 +0.3 1.6 = 0.5
DY 0.0 + 0.05 28+t14 26 £1.0 0.3 +£0.2
VvV 0.3 x0.2 0.8 0.4 0.5+0.2 0.4 £0.2
tW 0.0+ 0.2 0.7 0.9 0.0+ 0.2 0.8 +1.0
Non-prompt leptons 32=x1.38 3.8 +2.6 42 +28 1.6 £2.0
Total SM prediction 3.6 18 8.5 3.1 8.2 + 3.0 47 £ 2.3
Data 0 2 6 5
Process EMiss = [200-inf]
4 < M) <10 10< M) <20 20 < M(#¢) <30 30< M(#¢) <50
tE(20) 0.0 +0.05 0.3 x0.3 0.3 +£0.2 02 +0.2
DY 0.0 +0.05 0.6 0.3 0.6 £04 0.0 + 0.05
VvV 0.1 £0.1 0.6 £04 0.2 £0.1 0.3 0.2
Non-prompt leptons 23x19 2519 1217 21x15
Total SM prediction 24 +2.1 41+2.0 22+1.8 26 £1.6
Data 1 2 2 1

CMS-PAS-SUS-16-025



g Soft OS dilepton searches CMs/|
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CEA - Saclay

Systematic uncertainty source typical uncertainty
tt and DY +jets stat. unc. from MC 5-20%
tt modeling <S5 %
“Tight to loose ratio” closure in MC 5-25%
DY+jets closure in data S5 %
VV cross section 5-10%
tW cross section 5-10 %
Lepton/Trigger /b-tag SF 1-6 %

Jet energy scale 1-5 %

CMS-PAS-SUS-16-025



Single lepton + 2 b quarks CMS. |

Chargino-neutralino production & decay to WH with H — 2b |
CMS-PAS-SUS-16-026 f

/

CEA - Saclay

@ select events with one lepton (pT > 30/25 GeV) and : ;  pYemsimmn B0 o fev]
- 2 b-jets g mwF mz
- MET > 100 GeV -
- MT and MCT > 150 GeV (to suppress semileptonic ttbar)
@ Signal region : :
- defined by asking Mbb to be compatible with Higgs mass o 1-% .......
- look for resonance in the Mbb spectrum JE BS———" 0
@ Background
- from MC with dedicated control region to assess the 3 ;gfgj *23;;;;”)
modeling of most relevant background (dil. ttbar and W+jets) g i
- Mbb modelled checked in dilepton control region ’ :
- MET, MT and MCT in orthogonal sample built by > °F
inverting the Mbb requirement |
- a b-jet veto control region is used to assess the modelling B
of the W+jets background " os

50 100 150 200 250 300 350
M, ; [GeV]



Single lepton + 2 b quarks CMS,
Chargino-neutralino production & decay to WH with H — 2b | =
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@ No significant deviation w.r.t. SM prediction
pMS Preliminary 12.9 fo' (13 TeV)

7T 1T 7 17T 17 1T 7 1T 1T 17T 1T 7 1T 1T 17T T 7 T 17T T T T T T T
| | | | |

—
(@)
w

@ Set limits on chargino-neutralino production
decaying into WH

pp—>x x m ,=1GeV

x—>W+x x—>Hx

T IIIIII|

—e— Observed
----- Expected
[ Expected+ 1o
[ ] Expectedt2c

I Theoretical oy, o, niL

10

o limit at 95% CL [pb]
2

T IIIIIII

10CMS Preliminary 12.9 9fb (13 TeV) e
% = I I -+—Idata .2I top E E
g 9E- Wiltop --(250,1) -
™ = W+HF .W+LF - -
g 85_ B W+Z(qq) [[]rare _E 1 0—1 -
o 7 = -
w - 3 -
6F E i
55 = 107 E
4 = - i
33_ _f 10—3 L1 1 | I T | | I I | | L1 1 1 | I T | | I I |
- S 1 OO 200 300 400 500 600 7?0
o m.. = m. [GeV
1 1 2
E|o T S S i\ ................ _ current dataset 1S at the edge Of the SenSlthlty
8= 1 K . .
R F ------ Fﬁ“ ------- 5 ------- f -------- ?T“ --------------------------------------------- . more data is needed to probe this phase-space
0~50—400 150 550 300 350

o5 [GeV] CMS-PAS-SUS-16-026
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Events/10 GeV

Events/10 GeV

300

250

200

150

100

50

S Preliminary

Single lepton

12.9fb™ (13 TeV)

TT T rrrrprrrT

LA Y L

B2itop --(350,1) x50 |
Wiitop --(250,1) x50 ]|

W+HF  =:+(300,80) x 50 ]
P W+LF (225,80) x 50 |
B w+2Z(qq)[Trare

100 150 200

50 250 300 350
— Vv
bb [GeV]
CMS Preliminary 12.9 b (13 TeV)
_llllllllllIlllllllllllIllllll]lIllll[llllllllllll_
BW2itop =(350,1)x50 |
Miltop -+(250,1) x 50 .
|W+HF = :+(300,80) x 50 |
PIW+LF (225,80) x 50 |
B w+2z(qq)[Trare

0 50 100 150 200 250 300 350 400 450 500

90<M,, <150 GeV

S 1 TR SN TN AN T AN W TN B MO A

my(lv) [GeV]

M,= V2 pr Ey™ (1—cos|Ag]|

2 b quarks

CMS Preliminary 12.9 ™ (13 TeV)

90<M,, <150 GeV

> _IIIIIIIII|||II|I|IIIII|I|II||||l|||||l|||||||||||
8 L W2top --(350,1)x50 -
01 000+ Witop --(250,1) x50 —|
— B |W+HF  =++(300,80) X 50 |
D i Pw+LF (225,80) x 50 |
g 800__ B w+z(qq)[Mrare ]
L L i
L e |
90 < M,, <150 GeV
600~ -
400 —
200~ -
650 100 150 200 250 300 350 400 450 500
EMSS [GeV]
Preliminary 12.9fb™ (13 TeV)
>4001lllIlllllllllllIIIIllllllllllllllllllllllllllll:
8 C B2itop =(350,1)x50 ]
C Wiitop --(250,1)x50
9 350 |W+HF  =:+(300,80) x 50 |
E C PIW+LE - (225,80) x 50
GCJ 300:— B W+2(qq) [T rare
> C
Lu L
250

|IIII|IIII|IIII|IIII|IIII|I

slel ||
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Single lepton + 2 b quarks CMS

Chargino-neutralino production & decay to WH with H — 2b
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data 8

Dilepton top quark 89120

W + light jets 0.01 £ 0.01

W+HF 0.7£0.5 niegrated Taminosty e
WZ — gl/bb 0.03 +0.03 MC statistics 3-40%
Single lepton top quark 0.3 £ 0.3 Eﬁ‘;;ﬁf;’;ﬁ;‘@d factorization scales ;:gf
Rare 034+0.2 Lepton efficiency 2—52/0
Total bke 103 +2.1 ot gy seale Lo
( mxi/ m 0) (225 75) 17+03 Fastsim ETUSS resolution 5-50%
(m gk M o) (250,1) 56 +£0.8

(1= m~o) (300,75) 41+0.5

(mxi m o) (350,1) 41+04

CMS-PAS-SUS-16-026



