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SUSY @ LHC

Discovery of Higgs boson completes the Standard Model (SM).
BUT still many open questions!!!
Hierarchy problem , Dark Matter , Gravity, No gauge unification at higher scale.

SuperSymmetry (SUSY) : very appealing extension of SM tries to answer these

questions.
Most of the SUSY searches focus on the colored sector. LPCC SUSY 6 WG
. . — 10 L B BB L BN LB B <
Limits of these models probe masses up 2 f 110° 3
—_ - @)
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Experimental Parameters : SUSY sparticle mass [GeV]
- 1QQ1 miss https://twiki.cern.ch /twiki/bin/view/LHCPhysics/
1-4 1eptons , Missing transverse energy (Epmiss), e a/ome
0-2 jets (or b-jets) ,
arXiv:1206.2892
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

~ Compact Muon Solenoid

Electroweak SUSY Searches
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https://twiki.cern.ch /twiki/bin/view/ https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/SupersymmetryPublicResults CMSPublic/PhysicsResultsSUS

Selected Topics are:

Searches via Vector Boson Fusion processes (CMS PAS SUS-14-005, ATLAS-
CONF-2015-001)
Searches through Higgs boson ( CMS SUS-14-002 - PRD, ATLAS paper Eur. Phys. J. C

(2015) 75:208)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Searches via VBF process with > 2 leptons
CMS PAS SUS-14-005
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Experimental signature: |
forward jets, > 2 leptons, Er™ss,

8 channels are studied:
ew), UWJ, Uth)), Thth])

(opposite sign and same sign leptons).

Single muon triggers and di-zh triggers
are used for this study.

Amandeep Kaur Kalsi

Compact Muon Solenoid |

VBF topology provides a complementary
probe to look for compressed spectra.

2 highly energetic jets with large dijet
invariant mass and large pseudorapadity gap
is powerful handle against SM backgrounds
(reduction in rate by ~1072 - 104).
tau-dominated region Br( Xi—T)~1.

Analysis Strategy

Central Selections :
2 isolated leptons with |n| < 2.1, dR(11,12) > 0.3

Er™iss > 75 GeV ( > 30 GeV for di - m, final state)
no b-jets.

VBF Selections :
>2 jets with pr > 30 GeV “Loose” ( or 50 GeV
“Tight”) with |n| < 5.0
|AnG,))| > 4.2, n1* N2 <0
m;; > 250 GeV (shape based analysis)
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CMS,
Background (BG) Estimation

Main BG: ttbar, W/Z+jets, VV, QCD multijets
BG in Signal Region are estimated from data using :

D C CR CR2
NBéta — Ngé (Central) ' SFcengral ' eVBF(mjj)

Control region (CR) should not bias mj; distributions.
VBF efficiency is measured in CR after central selections.
VBF efficiency is independent of Er™ss cut within uncertainty.

> 106 $MS Preliminary 19.7 fb” (8 TeV.
Event rate in Signal region (for LS search channels) 3 ™ F —¢—
107 ovuiets combined mj;
Process RERE e nEj | g | Te] 3 Waiet Y
. (qV] 104 QCD U, eu, “‘Th’ Thth
DY + jets < 0.01 0+57 | 05+0.2 < 0.01 ~ : 3
Wjets | 014£82x107% | 0430 | 93+£23 05+0.1 2 3 !
0 c 10 Others
\'A% 21+03 19434 | 1.14+02 | 01+65x 1072 o PP — i
tt 314+0.1 3.5:&8:3 6.7+28 | 0.1+1.2x 1072 i 4 02 (mic=mi; =200 GeV, m_ =195 GeV, m , = 0 GeV)
Single top - — - <0.1 N 40 0 s ”
ach _ _ _ 7.6 409 1oFe= e m— ‘
nggs — - - < 0.01 : E — mmms EETEEERE
Total 54403 54435 | 17.6+3.8 84409 1 ———
Observed 4 5 14 9 4 .
10 -
for OS search channels 102 -
Process ‘u:l:yiF]] e:]:y:F]']' ]al:t'f’j:]] T]fit’t}j:]] 10-3 PR U S S NS T S NI SRS N RN M
DY +jets | 43+1.7 | 37431 [199+29 | 123+44 c 3 590 1 0‘00 1 ETOO 20.00 25:()0
W +jets <001 | 4243% |17.34+30 | 20+17 2 25F E
\'a% 28405 | 31407 | 29405 | 0.5+0.2 § 1 g: i, E
g - 240+17 | 19.0437 | 117428 cais o 0' 51 %%W/M////#W/W 4
— — - . . w UVOE —+—_:
Higgs 1.0+£0.1 | 1.1£05 - 1.1+0.1 8 % B0 1000 1500 zobo(i )G 2\/5]00
VBE Z — - - 0.7 0.2 m(j,j) [Ge
Total 322424 | 311446 | 51.8+£5.1 | 22945.1 L
Observed | 31 2 i 31 no excess over SM prediction
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total 4 scenarios = 2 stau mass X 2 LSP C MS

Two scenarios for slepton mass

mass scenarios

Scenario 2

Scenario 1
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(l) 1 ( ~0) 1 ( ~+) = . CMSPreliminary 197 ft5' 8 Te‘\
m(l)=—m(y, )+—m(y, ) — 8 | Fow, oty m =lm,e]
S MmO+ 2 m m(y,)-m(l)=3GeV | & | zoiiwememem
E - Expected:1o,mz-_n¥=5()GeV Sceriario 1
10E olpp—>33i) (L0>x -
10 —
1 —
b b b b b B g i 1y
100 150 200 250 300 350 _400
% m.. = m, [GeV]
. —— X %
2 scenarios for each slepton mass . cuSereimnay 1071’ @Te
~ + ~ 0 2, [ ¥ -tv, LT, m.-m=5GeV
compressed mass spectrumm(), )-m(), )=50GeV| 5 4 wewis ]
B - Expected=+ 1o, mz-mi=50 GeV E .
large mass gap m( ) O . Expectad to;m,=0GeV Scenario 2
10} oApp—75i) (LO) -
o Scenariol : combined observed limit of 300 GeV (expected
at 310 GeV) for large mass gap scenarios. o __
o Scenario2 : combined observed limit of 280 GeV/170 GeV
(expected at 285 GeV /180 GeV) for large gap/compressed
. L <
mass scenarios. el e L L
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Searches via exotic higgs decaying
to y(yy)+ LSP

ATLAS-CONF-2015-001

BF (h — NLSP + LSP) ~ 10%
Signal Selections

GMSB models predicts h decays to LSP(mn/2

Requirement Data (myrsp , mrsp) = (100, 0) GeV signal
< m>2(1)< mh) Data (glali(tiy arrltd trigger iggx igz gggij
00d veriex . X +
NMSSM models also predicts such decays. Selector T o ey 107 27943
Higgs is more boosted in transverse plane so |Zrmzi0oe milinl>30 300 e
Lepton veto 6040 57.2+1.5
decay products are close to each other < 1 non-VBF jet 4620 504414
R .o . |A¢(Efrniss, VBF jet)|min > 1.4 600 30.1+1.1
BG: y+jets,multijets, W/Z+y, W/Z+]jets, A(ER, non — VBF jes <20 565 28.2:10
PV 7.6+1.
W(—ev), Others(WW,WZ,ZZ, ttbar) 17771, 250 Gev 37 269+10
Most selection requirements were optimized [S2mtBocvadifni>28 =2 146207
using the Validation Region. ——— —
. oo . . OPV and OPV and
y+jets/multijets BG is estimated from data, Totalpr cuts Total pr cuts
using an “ABCD” method. . r Fiets/
. . > D Y lJt" tS C
Other BG taken from simulation and = LU ELs
. . . > 1.8 Mqcd
normalized to data in dedicated CR. S B v |l A
= Control region Signal SR
region region
mj; = 600 GeV mj; > 600 GeV
or 1An;l > 4.0

BG Estimation Strategy —_ \',A;'F?:” and | ;ml
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Events /0.2

L L I T T T T T T T . . .
2 y+jets/mutijets [ W= ev) ATLAS Proiminary Table showing BG yield and Data in SR and BG
10°F w/z Other W/Z+jets = 1
2 * 1 o aTev 208" control regions
- - Others —— Total SM ’ B - -
- — SR Region B y+jets A eA vy A
- —4— Data === (M, .m)=(100,0) Gev = W(= ev) 10720715 | 245+10+33 | 52204206 | 956=53%133 | 0.02 = 0.01 = 0.00
o Signal region] +— - W(— uv) 021+£01+024 | 1.4+13+03 | 0.1+0.06 0.06 0 0.66 + 0.17 + 0.09
| RN [T + W(- 1v) 42+08 +£0.6 47+26+24 1.7+ 06 +£0.8 62+ 3.4 +37 09 +0.5+0.33
- = W( by 72+05+23 | 11.9+06+41 | 36+03+12 | 40+03+02 | 60+04+04
,-——J — 3 Z+jets 0.52+0.28+0.54 | 3.7+3.5+35 0 123+7.1+£29 0
8 Zry 061+£005+02 | 26+14+14 | 1.1+08+0.8 0 037 + 0.37 + 0.09
Others 0.68 + 0.4 + 0.26 26 +0.8+0.6 08+04+0.6 99.8+5.1+4.0 20+0.7+0.8
— y+jets and multijet 266+22+08 | 31.5+67+20 | 371136 0
S Total background 380+22+45 | 78:54+7 | 44:68+28 | 11702552143 | 100109
Data | 50 78 44 1079 12
(mwise  misp) (100,00 GeV | 146207=12 | 85206206 | 30203205 | 03201=0.1 | 0.11%0.06 < 0.07

25 3

1.1 0 excess 1s observed

v

AG(ET™, y) G/%8
Due to excess in SR, observed limits are higher than expected ones. G/x1
Strong upper limits are obtained in yy+ Er™ss final state also. 7

= T — T ] T AL LI BN BNLINL AL BN BN LB NN LIS B BB J
g 1.6¢ ATLASlPreIiminary \!|§=8Tev, 2o.|3 fo | = 2 0.9F - . —
nt o —e— Observed limit (nominal'mfy) N (f;) = ATLAS Preliminary Vs=8 TeV, 203 b E
g 14:_ _____ Observed limit (:10,,,,,,) —: z 085_ —e— Observed limit (nominal,___ ) _E
é 12:_ ----- Expected limit _: é 07;_ ---- Observedlimit (:10,,,,,) _;
g — Expected limit (+10,,,) mono- i z 0.63— ---- Expected limit . _f
\Cg 1 :_ Expected limit (+20,,,) phOtOn —: \zw B Expected limit («1o,,,) dlphOton 3
t 0.8 Al limits are 95% CL . 5 0.5 = Expected limit (:20,,,) E
E EX - E 0.4F Al limits are 95% CL =
¢ 08 1 Zosf E
T 04p E 0.2F E
0.2F - 0.1F =
:| . . A I q . ! L I . q ) . I L . ( ) I L I . . I : O:I 11 l 11 1 I 11 1 I 11 1 l 11 1 l 11 1 I 11 1 l 11 1 l 11 1 l 11 1 I 11 l—

= ° oW G wieonms T Mmoo o o RMED® UGG 0 0 0 o 0 0 oo d w0 domH®H 0D N W
CMS ZH( — + MET ) result shows no excess
(= () ) ¢ CMS PAS HIG-14-025
with BR (H — NLSP + LSP) = 100%
Amandeep Kaur Kalsi EPS-HEP Conference, Vienna 8



Searches via Higgs tagging:
hh,hZ,7ZZ topologies

CMS SUS-14-002 - PRD

R-parity conserving gauge-mediated SUSY-breaking model hh tOpOlOgy
(GMSB). 0 . B
2. nearly mass degenerate X1, ﬁt, Xo (higgsinos), Gravitino as LSP. ) ‘/' b
3. hh,hZ, ZZ searches with o T G
h(—=bb) h(—=bb), h(—=bb) h(—yy), h(—= yy) h(—= ZZ/WW/z7)
) o e mm &
with atleast one e or L. - .
h(— vy) Z(—2 jets), h(— yy) Z(—ee/uu/77), h(—bb) Z(—ee/uu). T b
77 (to multileptons) , ZZ — 1*1- + 2jets.
h(—=bb) h(—yy)
exactly 2 b-jets with 95< mpp < 155 M iewsw  Gest  _ oMS__ lowmsw  Goory
GeV. E 6_ ¢ Data ] (;3 5f fg:::iground estimate |
2 y’s with 120 < myy < 131 GeV 2 % ey AVE B P S 00 ooV -
no identified, isolated lepton. g 4 AR B " _f
non-h BG estimated by fitting my, 3 : i \\ ;
distribution in SideBands (SB). 2 3 : N\ \§ ]
tHl 11 . T N\ N
1 1 1 1 y : I"' _ \\‘i SR \\“\ D \§\\\\\
“D iscriminating Variable” 0300 110 120 130 140 150 160 170 \\\\\,.&
h h—~y7y h—bb e (G20 T
St = Pr pr

no excess over SM prediction
Amandeep Kaur Kalsi EPS-HEP Conference, Vienna 9




hh (WW/ZZ/z7) , hZ , hW — yy + I (e,p)

IR » |- S 5 1 -1, A (11 () AP | S 22 S TR A
. 8 6? + Data ; 8 ' + ata

> 1 or 1 e with pr > 15 GeV. 3 NN e B e m
. 5 SM higgs 1 £ 1ok ] SM hi -~
Y,S Wlth 120 < myy < 131 GeV. i 45. Slgnalgg 1 @ :' L g Signalggs .
. . . L .... hw, m 1SOGeV B .... hW, m, =130 GeV'|
rejects e faking y by vetoing near mz s ¢ n mtoce] | . m =130 Go
(86—96) GeV. 25 )i _ hZ, m 1SOGeV- 4__ _hZ, m 130GeV_
excess in e+ yy final state (~ 2.1 0) | Emmns W — - N
(events clustered at low Egmiss) N { 181 4 | ;
Combined excess (1.30) , considered o i i R i i |

consistent within statistical . e e

: fZComblned Observed Events : 24
fluctuations. : . L
[F Combined SM prediction : 18.9+ 3.1
h(—bb) h(—bb)
3 regions defined having exactly 2, 3, and 4 b-jets. _ ____CMS L=1930b7 (s=8TeV

. . -5. - 4b Sample ® Data -
S]gnal Reglon (SIG) U)‘;‘O_— = Background estimate -
. . g Signal, rr = 250 GeV A

3 or 4 b-jets having |Ampp| <20 GeV. 2 8 — Signal, m. = 400 GeV']
o o o N .
max(AR(,j)) < 2.2 and 100<{mpp) < 140 GeV. & el -
Er™iss significance Smer > 30. N -

SideBand (SB) : |Amps|<30 GeV , 90 <{mpp) < Zp— R O -
150 Ge\.]' . . . ° Susrbin1 S, bin2 ,,S,.,’,Dansr Sy:; bin 4
BG estimated from 2 b-jet region with ABCD/

matrix element method using fitted ratio of BG

events in SIG and SB regions.
Amandeep Kaur Kalsi EPS-HEP Conference, Vienna 10

no significant excess observed
over SM prediction



hh: GMSB interpretation

~ Compact Muon Solenoid

CMS L=195f" Vs=8TeV
. . ~ ~ P~ | L L ™ —_— 77 T
Scenarios with BI‘(X?% hG ) = 1. '8_ - mp=m,=mg. m,=1GeV Individual expected

o

hh—bbbb is more sensitive for =23l =cebBE
masses above 200 GeV and loses
sensitivity below 200 GeV (Swmer
spectrum become SM-like) . A0

Multi-leptons and yy are more 0 —

sensitive at low higgsino mass.

LR

- Expected :1 (]c").

Lot 22 Ogyp (200043 Uaxp

555 NLO+NLL =10,
| | P

P P - N L —d el | —— 3
150 200 250 300 350 400 450 500
Higgsino mass m  (GeV)

X,

LI llTlTI

107 -

FT
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Searches via Higgs tagging:
hW topologies

Eur. Phys. J. C (2015) 75:208

1. mass degenerate 3, ¥ (pure wino) and ¥ LSP (bino).
2. prompt decays to W and h has ~100% branching ratios.
3. hW searches in h(—=bb) W(—lv), h(— yy) W(—=1v) , h(—= WW/ZZ,z7) W(—lv) final states.

h(—bb) W(—1v)

exactly 2 b-jets, 1 lepton.

Discrimination variables : Er™iss mcr, mrW,
Signal is defined in 5 bins of mpp
(47-75-105-135-165-185)

ttbar and W+jets taken from simulation and
normalized to data in dedicated CR .

Multijet BG is estimated from data using Matrix
Method (arXiv:1403.5294).

B Wijets
4 #%Total SM [ Single top
tt Other

Events / 30 GeV

mer = /(B2 + EZY2 — po — p212,

Data / SM

arXiv:0802.2879 [hep-ph]

o - 1 1 N N [ N 1 1 7
60 80 100 120 140 160 180
Amandeep Kaur Kalsi EPS-HEP Conference, Vienna m,, [GeV] 12



h(—yy) W(—=l)

E.‘

~( ~
e /, P ~ ~
P h T ~
r“).}/

Discriminating Variables: A®(W,h),
mrt"Y.

contribution of non-h BG , modeled as
exp(- a myy) is obtained from sidebands
fitting myy distribution (100-160) GeV
excluding higgs window.

h(—= WW) W— I:l£y + jets

6 SR differing in lepton flavour(e/p)
and number of jets.

Dominant background is from WZ
and ZZ, which is estimated from MC
simulation.

Non-prompt leptons are estimated
with the Matrix Method (arXiv:

final

SM processes with Higgs are estimated 1403.5294).
from simulation. S
o 161 ATLAS -
g 14l \s=8TeV,203f" 1
Q E ATLAS —e— Data g - -/;4;?::; SM Emzz .
o L .,  —®— Data Sidebands (Scaled) g 12p ® [INon-prompt [[Other
~ Rl = BTV 2031T M g b l ..... 1) (1300 GeV
T F B Higgs SM - . 1
L%J - Non-Higgs SM . o (v ] 11+2Jet
e e m(x,xgX;)=(165,35) GeV + NO Slgnlflcant €XCESS state
f * | =¥ over SM prediction
i : : = T T 0 7
10-15— Slgnal Reglon i‘D\E ./Zév///// .
C pqerenannans | L I.V.I L tQU . . . . b .’/'.//'/]'/.
0 0.5 1 15 2 2.5 3 00" 700 200 300 400 500 600 700
- I Ap(W,h) EPS-HEP Conference, Vieni__. my; [GeV] 13



(GeV)

M_o

Results and Interpretation

. . . . . — 140 T T T 1 — T T T [ T T T T [ T T T
Combined limit plot including ATLAS S [ ATLAS = Qbserved it (4105257 ]
O, - emee- Expected limit (+16,.) |
3-lepton searches result. arXiv:1402.7029 - G710 s =8TeV, 208107 i
JHEP :_ Combination — /*¢* observed limit _:
. R 100 n %i ’)ZO S W ’%0 h %0 —— ¢yy observed limit |
(0) B ¢bbobserved limit 7]
95% CL exclusion region extends to L T . :
g0 =My Al limits at 95% CL ]
~0 — B 1
250 GeV for my0 =0. : & :
o0 I~ @’3\»\;.~,;_‘ ~
S N J
CMS L=19.5fb" Vs=8TeV B W= 7 AN, N _
L L B R AL B L R R ) Y 2 T e i ]
140 |- pp — 7(0 0N 95% CL CLs NLO Exclusions 1 - é i ]
E :1 —— Observed =10, E i _S 20— | -
s 120 %, h % - = = Expected =10, ] § i ‘ | | | -
- - — O | | | | | | | | k| | | | |
- W% .. mes - mo=m, 4 4403 @ 150 200 250 300 350
100 |- * 1 2 K 1 - 10 g m_ _. [GeV]
B - m S Xy X,
80 N c
60 B R 2 4 £ < CMS SUS-14-002 - PRD
E ";'I' “\ E B E).
40 — ',’.I-.-'~.~ ‘| — g— . . *
- , : _ 3 |Similar Search from CMS collaboration,
- B 2 1 410° © . ey
201 ; y 2 i the observed limit is 210 GeV.
0"'.|.‘.\..| Coaml a0t IS &
150 200 250 300 350 400

-=M.o (GeV)
X%

1
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http://arxiv.org/abs/1402.7029

Summary

ATLAS and CMS has variety of searches in EWK SUSY sector.
CMS:https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
ATLAS:https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
Presented some of recent results from both experiments.

Small excesses observed in some of channels (not significant yet).

Limit on the chargino masses up to ~700 GeV.

LHC Run2 already started. Both experiments started collecting 13 TeV data.

Stay tuned for interesting results !!!!

CMS Experiment at the LHC, CERN

- 4| Data recorded: 2015-Jun-03 08:48:32.279552 GMT First Stable Beams
2 s Run / Event / LS: 246908 / 77874559 / 86

pProton—proton collisions at 13 TeVv

Amandeep Kaur Kalsi EPS-HEP Conference, Vienna
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hZ/hW — yy + 2 jets

dijet mass mj; is (70,100) GeV.
isolated lepton veto.

Events / GeV

] ] E‘r{“55 (GeV) SM background Data hZ events, m 0= 130 GeV
event rejected if muws (95,155) 0-20 288 + 15 305 0.76 = 0.03
GeV. 20-30 183 £+ 10 195 0.71 £0.03
S . | 30-40 91.1+4.7 105 0.72 £ 0.03
Discriminating Variable : Ep™ss 40-60 72.0 +5.0 82 1.14 £ 0.04
. . . . 60-100 125+1.9 7 0.87 =0.03
miss
scaled Er™uss distributions from 2 =100 106 061 ; pelgipype
sidebands are consistent within
their uncertainties.
CMS L=19.5fb" ls=8TeV 10° CMS  L=195f " |s=8Tev
O T[T T T T[T T T T[T T T T[T T T T[T TTT[TTTT[TTTT] = | I | L '—E
160} + Data - > ® Dat E
; : O - o Background estimate -
140¢ —— Sideband fit E S 10°2% e = -
120"—*H.H ] Signal (x30), m =130 GeV > - @~ Signal m=130 GeV =
- % - = - Signal, m_=200 GeV -
100 E o 10¢ "
8 O - + + ] L B ANy a
o THEL L R
40:_ R 1 0-1 B N\
| bt T
20" H +* s, 2F
N T S8 1f0--0-Q . Q.. \\\X\\\
160 110 120 130 140 150 160 170 & %0-{; Q\\\\Wf\\\\\\\\s\\
a O 20 100 140
Y (GeV) mlss
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h(—bb) Z(—1*1")

CMS L=1951b" fs=8TeV

leptons can be electrons/muons. 2 P
leptons with pr > 20 GeV and || < 2.4 g o 5;:‘:‘3; -
pr > 30 GeV for jets with 1| < 2.5, b-jets. g B Orer s MC
exactly one lepton pair with 81<mn < 101 GeV. E
no third lepton and tau candidate.
> 2 b-jets with 100< mpp < 150 GeV. :
BG: Z+jets, FS( W+W-,tr,tthar,tW), e
Others (ZW,ZZ, ttbarV,VV V) S | R f‘l
Mt > 200 GeV, F,pmiss & Ogg 75 100 125 150 175 200 225 50 275 300
Mi(GeV)
CMS L=195fb" Vs=8TeV
BG Estimation (?.6 10°F ;e w'ueve;ts - + oaa
For Z+jets estimation, y+jets template is used. g 10° Z+jets E]Z*""'s |
Contribution of BG other than Z+jets is reduced by §10’ Zi:r::,,mmm
taking low ET™ss < 50 GeV. E 10°
FS BG is estimated from eu CR (81<mey, < 101 GeV). 10
BG procedures are validated using Data CR enriched 1011
with that BG. AT TN
For Z+jets CR, no b-jets are required. s%}% g
For ttbar enriched region, Mt/ requirement is 8?8;3 NPT i A AL
0 20 40 60 80 100 120 140

inverted.
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Entries/ 10 GeV

—h

Data

Prediction

o0 —h

___CMS L=195f' (s=8TeV ,
F e b Data CMS L=195f" {5=8TeV
ee + uu events ¢ Data % R R .,.’.,aa.l..,. e
" ee+ uu events - -
o’ g 10° e B z:Jets E
03 N [ Flavor symmetric]
@ [0 Other SM !
0 2 10 — . = 200 GoV no excess
10 E over SM
1 prediction
1 1
10
0-1
2
4 S15|
% 2,
8 0208 A al 1 o al 1 ) PR -
8072040 60 80 100 120 140 " 0 20 40 60 80 100,120 140
ET*® (GeV)
ET"™ <25GeV 25 < ET™ < 50GeV 50 < ET™ < 60 GeV
Z+jets background 56.7 1.9 433123 57x1.2
Flavor symmetric background 04=03 04103 0.4+03
Other SM background <0.1 0.1+0.1 0.1+0.1
Total SM background 572+19 438123 6.2+1.2
Data 54 47 7
Emiss > 60 GeV Emiss > 80 GeV Emiss > 100 GeV
Z+jets background 57x138 22+09 0.6+03
Flavor symmetric background 2409 1.8+0.7 1.6 0.6
Other SM background 03=x0.2 03x0.2 0.2x0.1
Total SM background 85x20 43x12 24107
Data 8 2 0
hZ events
Mz = 130GeV 54=x0.1 3.1%0.1 1.7+0.1
Mz = 150 GeV 53=x=0.1 33%0.1 20£0.1
Mz = 200GeV 47+0.1 42+0.1 3.3%0.1
Mo = 250 GeV 35x=0.1 32+0.1 28+0.1
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multilepton search

three or more lepton searches are sensitive to hh and hZ channels (for low values of
higgsino mass)

atleast 3 charged leptons including one t candidate. CMS-SUS-13-002
Exclusive SR Categories are based on PRD

Number and flavor of leptons.

presence or absence of OSSF lepton pair.

Consistency of invariant mass of OSSF pair with Z boson.

b-jets or no b-jets.

Er™ss and Hr .

For interpretation of results,ordering of channels by their sensitivity.

Ny N, Nossr Mg Ef’f‘i” (GeV) SM Data hh events,
range background mgo = 150 GeV
3 0 0 - 0-50 51 £11 53 3106
3 0 0 - 50-100 38 15 35 27+0.6
3 0 1 Below Z 50-100 130 £ 27 142 74116
3 1 0 — 50-100 400 £150 406 80+14
4 0 1 Off Z 50-100 0.2+0.1 0 0.5+0.2
4 1 1 Off Z 0-50 75120 15 0.8x0.2
4 1 1 Off Z 50-100 21+05 4 0.7+0.2

Combined local excess is 2.60 and is consistent within statistical fluctuation
for large number of search channels (look-else where effect)

Amandeep Kaur Kalsi EPS-HEP Conference, Vienna 20



7711 + 2jets

CMS L=195f"' Vs=8 TeV_ CMS___ L=195f" Vs=8TeV
5\ 10? rr., . .Jr . rJfrrrrJrrrrrrrrr1rrroro-~ L 'ﬂ_;"\ T T r 1'
Q. - My = M. =M m, =1GeV  «— Observed n -8_ 10° M =m, =m,; m -1 Gev — ou;mod _ _
~ S 555 Expected =104, 1110142 Opp | #ERE Expected =1 0y L.._i *2 Oggp 3
< === NLO#NLL =1 0y, | © 552 NLO+NLL =10y, =
1 b = 10 - miwim _:5
Individual expected = L niesme
- a3 A
== i Individual expected - ~ bb Il |
- - - "ji p- 1E .om- Y-{l éi
4 — = = == = ._:
10 = e N ‘ hGZG events only
- - 10"
- B(, —»hG)=0.5
_ 7“7_‘:
- e(;“ -zc) 0.5
107 - 10° PP S B BT PP B
S Ly P TSR P T T | PR TR R R S S TN T L 5 150 2m 250 wo 350 400 450 500
150 200 250 300 350 400 450 50 Higgsino mass m?,_, (GeV)

Higgsino mass m _ (GeV)
x,
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2 D exclusion limit and Analysis sensitivity

CMS L=195f" Vs=8TeV
l@ 1 LJ L . L l L) L ¥ L) l ' L L) L) | . L L) L) ] ¥ L) L) . l LJ LJ L L I LJ L . '_n
+ -
; R
1 0.8 Combined exclusion regions, |
N all analyses .
?%S 0.6 —— Observed -
=== Expected :10,, -
0.4 22 Oppy —
0.2 -
. = =M. M =1 GeV :
OL"‘;”::'E:.lx:llallglnllxlll P PRS- |
150 250 300 350 400 450 500
Higgsino mass m Lo (GeV)
CMS

)]

+

L

©
o
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L=19.5fb"

250 300

CMS L;19.5'fb“ f§=8Tey ‘

3 | U L B B 1 'j
Q102 mt=%=mf; m6=1GeV = Observed
~ #2555 Expected +10,,, {_._i22 0y, 3:
D === NLO+NLL 21 0y, -
L e et TP
* Individual expected  _
1-—
10"-;-
102E11 i P S SR T SN SR SR UN SN SN SN SN SN S S
150 200 250 300 350' '400 450 500
Higgsino mass m , (GeV)
7,
\s =8 TeV

Most sensitive analysis

350 400 450 500
Higgsino mass m , (GeV)
x,
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hW topology

Event signature:
single electron/muon and bb pair.
same-sign ee,ey,uu pair (no third lepton)
3or more leptons.
h(—bb) W(—1v), h(=ZZ,WW,t 1) W(—=1v), h(— yy) W(—=1v)

CMS L=19.5fb’ is =8 TeV
9 B T L L o)
[ 140 |- pp — '560 'f 95% CL CLs NLO Exclusions — = =
(D — 2 M - cC
N T, R — Observed =1 Oiheory 1 _ _8
gx" 120~ %, 1 - = = Expected +10,,, ] o
B - : _ N
- ~0 o= _

100 %~ WX, - A 1 410° 3
: 4 1 9
_ 1 ] (&)
80 — N - &
60 [ 3 1 £
- 'l;, \ | _ q-h)
40 |— rmmmm ; — %
— 8 “eo \ — =
- ", 1 N 2 &
20— ' \ 1 1 O @)
- I \ — = 0

L ¢ V] \ = = o)
Ly ! 4 \ | — [p)
0 < 1 1 I 1 ll I 1 1 1 1 I 1 1 1 1 ‘ 1 1 1 1 O)

150 200 250 300 350 400
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hh (WW/ZZ/z7) , hZ , hW — yy + I (e,p)

CMS L=195%b" (s=8TeV CMS L=195f" (s=8TeV

> [T '|'+'[|)'t'|' T %7l”' LA LU -+"D't'w L
87 yy+u tham o g7 yy +e *Daa

~ 5 - Sideband Fit ~ 5 - Sideband Fit |

wn . wn

= B Signal hh - = B Signal hh

O S m_.=130 GeV- Q 5r m_.=130 GeV-

O x. i T %, i

4 -] 4+ H -]

3 H 3 -

2 L L — 2 [ J —

1 L wear -

Jp T T pe——| T ——

qOO 110 l1l20 130 140 150 160 qOO 110 120 130 140 150 160
m,, (GeV) m,, (GeV)

CMS L=19.5fb" is=8TeV

5_l T T T T 1 ] 1 I T T ] T 1 T 1 T T T T 1 T 1 T 1 T 1 CMS L= 95fb1 E=8Tev
(?B : I | I I I I I : % 10:I T T | T T 1 I ] 1 T I 1 I ] | T 1 1 | ] 1 T | T 1 T | I T T I 1 T |_
45F + Data - C =
o 4O YY +U 1 O of YY + € ¢ Data -
- Non-higgs SM bg — - B
@ AF 99 9 ~ 8F Non-higgs SM bg 1
€ aeF [77] SM higgs . 2 °F £
L%> 3.5F | = S 7E [ ] SMhiggs 3
3| Signal - i - Signal .
= e ... hw, m. =130 GeV- 6 @ —
25K | = ... hw, m, =130 GeV
“E| @k ____hh, m —130 GeV- 5FHe
2% | - ___hh, m -130 GeV:
el o __hZ, m.=130 GeV- A
- x1 ] - ___hZ, m —130 GeV'
151 4 97 = | 0 X J
Y | - 3.l = =
169 | 27 — g s =
o e iy ] = =
05| R L Y CELEELEEEELEELLLT 4 4 7 =
= ke e O, 1777 =
OI 11 I 111 1} : ----- I---------------- ---------------;
c 25 ’ . OE T.T.T-:@%ﬁa
m.Q N 7] 5 ' ' _ . . ' . _
S% - i m-é J ]
Saasf| ] 7 8e o E
SRR, IR E
00 20 40 60 80 100 120 140 160 180 1T * z
O 20 20

80 80 100 120 140 160

-
(0]
o

E$iss (GeV) -
miss
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SIG
50 100 150

181 T

(o]

IAm, ;| (GeV)
T IoI T

0 CMS Simulation,
T T T T I T T T T

s oty

CMS Simulaton L=19.3fb"

lAm, | (GeV)

--3-- T, genuine ET* (SM)
—e— S, genuine E’T"" (SM)
|- ET, genuine ET (SUSY)
—e— S, genuine E‘T““ (SUSY)
 --43-- ET™, spurious ET*

—&— Sy, spurious E"*

Events

150500 550
(m_) (GeV)

(m ) (GeV)

CMS Simulation, s =8 TeV CMS Simulation,
T T T T T T T T T T T T T T T T I T T T T

I ’ | ]
Signal sample, m_, = 250 GeV -
x

.........

"~ ti(4bsample)

-
.........
-

lAm, | (GeV)

—H'rn'm] lllnl'll'! lllul'ﬂ! lllllq; lllllﬂ; lllull'! T
_|_u_u.|d 1|1u|ni 1nuuj 1nu|d 1|u||d 1|n|u] L1

190-2560 >250
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s 100-150
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Searches with h— yy decay

CMS SUS-14-002 - PRD

Criteria for h — yy selection:

» 2 y’s with pr> 40, 25 GeV and |n| < 1.44 with 120 < myy < 131 GeV (higgs tag region)

Common BG estimate

Compact Muon Solenoid

» Fit myy distribution in side bands excluding tag region with power law function.
> Integrate power-law function in higgs tag region to normalize continuum non-h SM BG.

» BG shape in “discriminating variable” taken from average of lower and upper myy

sidebands.
» BG from SM-Higgs added then.
h(—bb) h(— vyy)
required exactly 2 b-jets, s e Eatay
pr (jets) > 30 GeV R T R
no identified, isolated lepton 3 s — Sideband ft
AR(Y, j) > 0.5 § Al -Slgnal, mi?=130 GeV;
L
05< mpp < 155 GeV 3l
“Discriminating Variable” am ;
h _ . h—yy |, h—bb W LaL —
ST _pT +pT 0ot A e P |
. 100 110 120 130 140 150 160 170
e.Xtenlds to higher value for m,, (GeV)
signa

Amandeep Kaur Kalsi

Events /60 GeV

L=1951M" fs=8TeV

2r

N NN

ITII

% s0

T I ] I
®Data b

- Background estimate
_Signal, m_=130 GeV ]

...Signal, mf‘=200 GeV
x -

7

\

N

100 150 200 250 300

ST (GeV)

no excess over SM prediction
EPS-HEP Conference, Vienna

26



hh (WW/ZZ/:t) , hZ , hW — vyy + 1 (e,pn)

required < 1 b-jet (avoid
overlap to h — bb final state)

> 14 or 1 e with pr > 15 GeV
and AR(L,y) > 0.5

rejects e faking y by vetoing
near mz (86-96) GeV

“Discriminating Variable”

My = \/2E§C”S'SplT(1 — cos(Agy pmiss))

CMS SUS-14-002 - PRD

CMS  L=195M" ({s=8TeV CMS L=195f" {s=8TeV
g T T P T T 3 E 14— P e e
6.— —
s °F YY +1 ¢ Data 18 - Yy +€ ¢ pam ]
= sk Non-higgs SMbg{ - | Non-higgs SM bg |
o0 o - |2
g,:, - [] sM higgs § 101~ | SM higgs
- 4f Signal R woor b g Signal
B -... hW, m_=130 GeV 8~ -... hW, m_=130 GeV|
x - £ .
af ¢ hh, m_=130 Ge\-] 6 hh, m_=130 GeV
- %, n I b3 -
L ___ hZ, m.=130 GeV- L ___ hZ, m_=130 GeV
r 1 ' i -1 X,
2 @ : . = —
I;m-m{
B | 2 —
"""""""""""""""""" ;Tm—l-. S
o 1 0= ATt ; i *1 1
5 ¢ § sF
g 3 g8 F 3
ols 3k - :g - + -
S S E [ S S S G
(] B0 B0 100 0 20 0 0 o 14 0
M, (GeV) M, (GeV)

excess 1S seen (2.1 0), consistent with in statistical fluctuations

SearCheS Via h(%b 5) h(%b B) CMS SUS-14-002 - PRD

Signal Selections

Background Estimation

4 or 5 jets with pr > 20 GeV
(including b-jets)
no identified lepton
Er™iss significance Smer > 30
|Ampp| <20 GeV
max(AR@,j])) < 2.2 ( to reject
ttbar)
100<{mpp) < 140 GeV

3 control samples: 2b-jets, 3b-jets and 4 b-jets.
Sample having 2b-jets only (region dominated
by BG)

Side Bands (SB) having |Ampp|<30 GeV and
100<{mpp) < 140 GeV.

ABCD method is used to calculate number of
events in regions 3 b and 4b using SIG/SB ratio
from 2b sample.

Amandeep Kaur Kalsi
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CMS L=193f" s=8TeV

- .
D{_.'; 107 4b sample L g:zgmu nd estimats _- Swmer bin - Sper range  SM background Data SM background Data
‘L’I S Signal, m., = 250 GeVE (3b-SIG) (3b-SIG) (4b-SIG) (4b-SIG)
2 8 — Signal, m: = 400 GeV ] 1 30 — 50 67__*'%%1-(1)9- 4 29_—*—821-82 4
s . | _ 2 50 — 100 11.6719+99 15 49+l 1+14 Z

4 : 3 100 —150  2.447984+0% 1 0.591 032009 3 |

: 4 > 150 1.5071082+0.64 0 0.40795+02¢ 0
2P ssescessssesess -

no significant excess observed over SM prediction

Sysr bin 1 S,c7 bin 2 S,r bDIN3 Sy~ bin4

. . ~0 ~ .
Scenarios with Br(xi —hG ) =1 CMS L=195f" Vs=8TeV
o . . — I B e e B e e L e |
hh —bbbb is more sensitive for & [ memmem i me=1con paviast amseciad :
A we % 23]  wmossbbBbb -
masses above 200 GeV and loses ° g b5 el
M.'--"-'Wﬁ-n-'u-.-. .

sensitivity below 200 GeV (SwmEer
spectrum become SM-like) .
Multileptons and yy are more L **
sensitive at low higgsino mass.
30 excess at masses below 170 GeV is  qorf [ "o e e
. . 150 200 250 300 350 400 450 500
mostly provided by multilepton Higgsino mass m,, (GeV)
analysis.

LI AL

| llllll

)
teeos 22 Ogyp |

555 NLO+NLL +1 0,

Fr
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Searches via exotic higgs decaying
to y(yy)+ LSP

ATLAS-CONF-2015-001

Events / 10 GeV

Events /0.2

102

10}

-_ L) I T L) T I T T |l I L) L) L) I L L] T I T T Al I
= Validation region [ y+jets/muttijetslll W(— ev)

~ ATLAS Preliminary W/Z+y . Other W/Z+jets
" Vs=8TeV,20.3 fo" [ Others ~— Total SM
B —l— Data --a- (mNLsp ’ mLSP ) = (100, 0) BV-

60 80 100 120 140 160
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N lv Ilidl lI I L Ii 1 1 1 1 L} L] I L L] 1 L I 1 | L} 1 I 1 L] 1 1 I 1 -
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2.5 3
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N- — lv Ilidl lI I ] L] I 1 ] 1 Ll L] L | I L] 1 I I 1 I I 1 I L) 1 1 L) I |-
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A
Background Distributions Normalization I
W(— ev) W(— ev) MC with e — y misidentification rate from data Data CR i A
W/Z + jets W/Z + jets MC with jet— y misidentification rate from MC Data CR S
Wy /[Zy MC Data CR
Top and diboson MC MC
v + jets and multijet Data CR Data CR
Requirements Main analysis  Electron CR lvy CR v+jets VR
EM object(s) Photon Electron Photon + lepton Photon
|AG(ET™, VBF jet)|min >14 > 14 > 1.4 <14
mj; <600 GeV or [An;;| <4.0,|A¢(EF,y)| < 1.8 B eB lvy B y+jets B
mj; > 600 GeV, |An;;| > 4.0, OPV, pI°T >50 GeV and A e A lvy A y+jets A
|AG(ET™, 7)< 1.8
Systematic Z(>w)y | Wby | Z(-w) | Z(-11) | W(—ev) | W uv) | W(— 1v) | Others | y+jets | Signal
W/Z+jets norm. 0 0 0.02 0.01 0.64 0.01 0.25 0 0.28 0
W/Z+7y norm. 0.19 2.2 0 0 0 0 0 0 0.28 0
e — vy misid. rate 0 0 0 0 0.54 0 0 0 0 0
jet— vy misid. rate 0 0 0.28 0.24 0 0.01 0.42 0 0 0
MC vy rate 0 0 0 0 0 0.2 0.17 0 0 0
Trigger efficiency 0.01 0.14 0.01 0 0.21 0 0.08 0.01 0 0.29
ABCD 0 0 0 0 0 0 0 0 35 0
Jet energy resolution 0.03 0.22 0.28 0 0.43 0.09 0.18 0.14 0.28 0.58
Jet energy scale 0.02 0.5 0.28 0.02 1.2 0.08 0.17 0.22 0.14 1.0
v energy resolution 0.01 0.07 0 0 0 0 0.19 0 0 0.15
v energy scale 0.02 0.22 0.01 0 0 0 0.19 0 0 0.15
Cross section 0 0 0 0 0 0 0 0 0 0.8
Total 0.2 2.3 0.48 0.24 1.5 0.24 0.65 0.26 3.5 1.2
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Searches via h(—=bb) W(—1v)

Eur. Phys. J. C (2015) 75:208
jets with pr > 25GeV , exactly 2 b-jets

BG: ttbar, W+jets, tW, other rare SM arXiv:0802.2879 [hep-ph]
Discrimination variables : Er™isS mcr, mw
Signal is defined in 5 bins of myp mcr = \/ (E%l - E?‘ )? — Ipl%l — p’l"[? 2,

(47-75-105-135-165-185) o
Selection Criteria in SR, CR and VR

SReZbb-1 SRZbb-2 CRLbb-T CRLbb-W VREbb-1 VREbb-2
Mlepton 1 1 1 1 1 1
Mot 2-3 2-3 2-3 2 2-3 2-3
Nb—ijet 2 2 2 1 2 2
E-}“iss (GeV) >100 >100 >100 >100 >100 >100
mct (GeV) >160 >160 100-160 >160 100-160 >160
m%’ (GeV) 100-130 >130 >100 >40 40-100 40-100

-------------------------- T
ATLAS -»-Data MWijets 3
s=8TeV, 203" # Total SM [JllSingle top

tt Other 3

----- m(zjaz‘z’,i:’) = (250,0) GeV 1

BG are estimated from MC but the
normalization factors are estimated by
back-ground only fitting to data in CRIbb-T
and CRIbb-W.

BG modelling is validated from VRIbb-1 and
VRIbb-2 using background only fit.

Events / 30 GeV
=Y

Data / SM

0‘..|..|..|.|..|..|..|.‘
60 80 100 120 140 160 180
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Searches via h(— yy) W(—=lv)

Eur. Phys. J. C (2015) 75:208

Signal Regions
SReyy-1 SReyy-2 VRZyy-1 VRLyy-2 L(q-) §ATLAS —e— Data
o 8 TeV. 203 b —=&— Data Sidebands (Scaled)
Nlepton 1 1 1 1 ?)1 0? g_\s - e “sss Total SM
ny 2 2 2 2 S E BN Higgs SM
. > = Non-Higgs SM
EDiss (GeV)  >40 >40 <40 - T M 0)~(165,35) GoV
Ap(W, h) >2.25 >2.25 - <2.25 - + t
mp” (GeV)  >150 <150 N “.F‘J ¥
. or . _ ;
my”(GeV) >80 <80 L
10 = e S A,
- R | L L | | |
Signal region higgs mass window (120-130) GeV o o5 115 2 5A¢ (W3h)

major BG : multijets and Zy Slgnal Region
contribution of non-higgs BG , modeled as exp(- a

myy ) is obtained from sidebands fitting myy distribution 25— T T 7
. . : ® [ ATLAS —— Data i

(100-160) GeV excluding higgs window. S ofs=8Tev, 203" | __
SM processes with Higgs are estimated from simulation. & | B FitloData 1
. @2 50 -

Observed and expected rate in SR & VR c 19 ]

> » _

SReyy-1 SReyy-2 VRLyy-1 VREyy-2 . 10 -

Observed events 1 5 30 26 . 1 | J | } |

SM expectation 1.6+04 33+0.8 302+23 204+19 ) ! l Bl + H ]

| | Ly | ]

Non-Higgs 0603 30£08 292+23 198+19

1 1 1 1 | 1 1 1 1 | | | 1 1 1 | | 1 1 | 1 1 1 1
‘POO 110 120 130 140 150 160

Wh 0.85 £ 0.02 0.23 4 0.01 0.71 £ 0.02 0.29  0.01 m,, [GeV]
Zh 0.04 £0.01 0.02+0.01 0.14 % 0.02 0.05 % 0.01 BG only fit to observed myy in
tih 0.14 +0.01 0.0240.01 0.11 +0.01 0.25 +0.01 VR : VRlyy-2
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Searches via h(— WW-— 1#v + jets ) W(—1%)

Eur. Phys. J. C (2015) 75:208
6 SR (lepton flavour and Njets)

2 leptons with pr > 30 GeV

. . SRee-1 SRee-2 SRup-1 SRup-2 SRepu-1 SReu-2
(or 20 GeV) with no third |
pton flavours ee ee L L e e
Miet 1 2o0r3 1 2o0r3 1 2o0r3
lepton Leading lepton pr (GeV) >30 >30 >30 >30 >30 >30
1.2 Or 3 central jets Wlth pT > | Sub-leading lepton pr (GeV) >20 >20 >20 >30 >30 >30
’ imeg —myz| (GeV) ~10 ~10 - _ _ _
20 GeV (1’10 b_jets) Anee - - <15 <15 <15 <15
ETssel (Gev) >55 >30 - - _ _
BG: WW , WZ , /7.7 , an d [mer Gev) >200 - >200 >200 >200 >200
. mmx (GeV) - >110 >110 - >110 >110
backgrounds with non- my;j or mg;j (GeV) <90 <120 <90 <120 <90 <120

prompt leptons (from heavy
flavoured decays,y
conversions, misID jets)

Validation regions having lepton prand Njets only , my; >
90 and my; > 120 GeV

Background Estimation .
Dibosons are estimated from simulation. arXiv:1403.5294

matrix element method is used to estimate non-prompt backgrounds.

Efficiencies for prompt and non-prompt leptons passing signal lepton requirements are
calculated as function of prand n of leptons for each process in control regions.
Contribution from each BG used to calculate weighted average efficiency.

Charge mismeasurement probability measured in data and is < 1% (for ee).

BG estimation tested in validation regions.
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Events / 30 GeV

Data / SM

Signal Region

16 Aras -

. \s=8TeV,203f" 1
14:_ e Data mwz zz

- % Total SM [ JWW e
12 :_ ° [__]Non-prompt [__]Other _:
100 P A M 7,4,) = (130,0) GeV -

sl + E SRee-1 SRee-2 SR -1 SR p1p1-2 SRep-1 SRep-2
60 1 | Observed events 2 1 6 4 8 4
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Fig. 7 Observed (solid line) and expected (dashed line) 95 % CL upper
limits on the cross section normalised by the simplified model prediction
as a function of the common mass m ; 50 for m 7= 0. The combi-
nation in d is obtained using the result from the ATLAS three-lepton
search [21] in addition to the three channels reported in this paper.
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by the £10p00Y theoretical uncertainty. The solid band around the
expected limit represents the +=10exp uncertainty band where all uncer-
tainties, except those on the signal cross sections, are considered. a One
lepton and two b-jets channel, b one lepton and two photons channel, ¢
same-sign dilepton channel, d combination
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Searches via h(—=bb) W(—1v)

mpp central bins mpp side bands
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Searches via VBF process with > 2 leptons |

CMS PAS SUS-14-005

mjj plots in individual channels
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Searches via VBF process with > 2 leptons
CMS PAS SUS-14-005

. A-f"""aompact Muon Solenoid

Table 3: Cumulative signal acceptance for mj; > 250 GeV.

channel BR(>1/; & >10,) II+MET VBE

whe (yi'cf 0.399 0.0197 (0.0196) | 0.0075 (0.0074)
etu~ (efu®) 0.152 0.0367 (0.0373) | 0.0140 (0.0140)
tho (g Th) 0.717 0.0098 (0.0097) | 0.0092 (0.0093)
utu— (uEu®) 0.081 0.0181 (0.0180) | 0.0070 (0.0172)

Table 4: Simulated yield of signal events. The terms in only curly brackets, {mxlz, msz }, represent
the scenarios where Am (Xit, T) = 5 GeV, while the terms in parenthesis, ({mxli, mz}), are for

scenarios where m (%) = sm(%?) + sm(%;)-

{m(%)m(%)} [GeV] | p=p~jj (Loose) | u=uTjj (Tight) epjj HTh]] T Thj]
m(7) = 0GeV

{100, 95 ({100, 50}) 1622(2894) | 6.61(11.79) | 1321(23.57) | 7.10(9.36) | 8.65(10.73)

{200, 195} ({200,100}) |  5.42(9.67) 176(3.14) | 352(6.28) | 453(5.97) | 3.76(4.67)

{300, 295} ({300,150}) |  2.27(4.05) 068(121) | 137(2.44) | 1.85(254) | 1.53(2.04)

{400, 395} ({400,200}) |  0.57(1.02) 017(3.03) | 035(0.62) | 0.46(0.63) | 0.38(051)
m(x]) = 50 GeV

{100, 95} ({100, 75}) 5.66(2.21) 330(129) | 6.60(2.58) | 434(151) | 2.07(041)

{200,195} ({200,125}) |  3.03(5.41) 111(198) | 221(3.94) | 3.06(4.04) | 2.41(2.99)

{300,295} ({300,175}) |  1.27(2.27) 060(1.07) | 1.19(212) | 1.66(2.28) | 1.40(1.86)

{400,395} ({400,225}) |  0.34(0.61) 016(029) | 0.32(0.57) | 0.43(059) | 0.36(0.48)

Am(x7 — x]) = 50 GeV

{200, 195} ({200, 175}) | 1.38(0.54) 085(033) | 1.65(0.65) | 0.99(0.35) | 0.46(0.09)

{300, 295} ({300,275}) |  0.47(0.18) 028(0.11) | 058(0.23) | 0.40(0.14) | 0.20(0.04)

{400,395} ({400,375}) |  0.12(0.05) 0.08(0.03) | 0.15(0.06) | 0.10(0.03) | 0.05(0.01)
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" Compact Muon Solenoid

Searches via VBF process with > 2 leptons
CMS PAS SUS-14-005

CMS Preliminary 19.7 fb ll (8 TeV)
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