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Introduction

Introduction

@ Supersymmetry introduces superpartner for every SM particle
e SM fermions have boson superpartners and vice versa

€ Tiggs
~ ~
- &)
crmon

Quarks @ Leptons @ Force particles

Squarks ' Sleptons &) Susy
Force particles

@ SUSY is a broken symmetry: New particles expected in TeV range
@ In R-parity conserving models, lightest SUSY particle (LSP) is stable
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Introduction

SUSY Production at LHC

LPCC SUSY 0 WG e.g. decay chain of a SUSY
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@ Squark and gluino production by strong ; zo
force: large cross section at hadron '
colliders

5

Total Integrated Luminosity (b ')

@ Results presented are based on ~ 20 fb~!
of 8 TeV data
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Introduction

CMS SUSY Results

Summary of CMS SUSY Results* in SMS framework SUSY 2013
m(mother)-m(LSP)=200 GeV
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Inclusive searches have good sensitivities on g and §. See Michael's talk for 3rd generation
- In this talk
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Introduction
Inclusive search with jets and high MET (K1) (SUS-13-012)

Hadronic final states using MT2 (SUS-13-019)
jets (SUS-13-013)
Summary and outlook

The CMS Detector

Same-sign dileptons

CMS Detector

~68M channels

~1m?
Microstrips (80-180ym)
Pixels ~200m?  ~§.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker L?E@UR{V.FTEI,:RV{IEL‘AL,E
ECAL ~76k scintillating POWO, crystals
HCAL
Solenoid B )
PRESHOWER
Si s
Muons ~137k channels
STEEL RETURN YOKE
~13000 lonnes
SUPERCONDUCTING ‘
SOLENOID
Niobium-titanium coil j
carmying ~18000 A FORWARD
CALORIMETER
Steel + quanz fibres
HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter : 15.0 m <7k channels Barrel 250 Drift Tuba & 480 Resistive Plate Chambers
Overall length 1287 m Endcaps: 473 Galhode Sirip & 432 Fesislive Plate Chambers
Magnetic field :38T
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Inclusive search with jets and high MET (K1) (SUS-13-012)

Multijets + H7: Baseline Selection

jets >3 (PT > 50 GeV, |’I7| < 25)
Jjets

Hr > 500 GeV (Z 1p7.1]) (pr > 50 GeV, |n| < 2.5)

ets

Hr > 200 GeV (] — Zpr il) (pr > 30 GeV, |n| < 5)

@ A¢ (Hr, jetin3) > (0.5, 0.5, 0.3) (To reduce QCD)
@ Veto isolated leptons (e/u) with pr > 10 GeV (To reduce W and tt)

Analysis performed in 36 exclusive bins in (Njets, HT, HT)
Pure data-MC comparison: reasonable agreement

CMS Preliminary, 19.5fb", s =8 TeV CMS Preliminary, 19.5fo", Vs =8 TeV CMSPreIlminary 195", |5=8Tev
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Inclusive search with jets and high MET (K1) (SUS-13-012)

Multijets + Hr: W+ jets and tt

Lost Lepton:
tt, W + jets (e/u +v): e/u not reconstructed, not
isolated, or out of acceptance (“Lost Lepton”)

Acceptance  reconstruction isolation Lepton
- . found!

Fai\l Falll Fail|
v

Out of Not _Not
acceptance reconstructed isolated

e/u

@ From events with one e/u (weighted according to
acceptance and detector inefficiencies)

Hadronic Tau:
tt, W + jets (7has +v): Lepton is 7 (faking a jet)
@ Using events with one e/u; lepton is replaced by

“7-jet” with smeared pr (according to expected
response)

Events / 50 GeV

(Pred.-Sim.)/Sim.

Events

(Pred.-Sim.)/Sim.

CMS Simulation, L = 19.5 fb™, V5 =8 TeV
Nyes 3, H;2 500 GeV, I, > 200 GeV
0® T

T =
() o Predicted Background
10* B W - +ets
o —R 3
10?
10
1 +

t
05
Oofesonee eyt | + J
o5l | IRANENR

500 1000
A [GeV]

CMS simulation, L = 19.5 fb*, Vs = 8 TeV.
Ny, 3, H = 500 GeV, A= 200 GeV
T

—e— Predicted Background

Genuine Background
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Inclusive search with jets and high MET (K1) (SUS-13-012)

Multijets + Hr: Z(— vv) + jets and QCD

CMS simulation, Vs = 8 TeV

i H, > 350 GeV
Z(— vv)+ jets: & ozflo
0.221-
@ Irreducible background. o2
. . . . . . . 0.181-
@ Using y+jets events (similar kinematics at high boson pr) ool e
@ “Translation” factor (e.g. cross section, acceptance) from oaap I esmie e E
simulation 012 —+— snswioo :
T 2 s 4 5 6 7 8

QCD multi-jet: Nyets

CMS Simulation, L = 19.5 fb™, Vs = 8 TeV.

@ Large jet pr mismeasurement 35 Np 5 5. H, > 1000 Gev
i X . % 105, T T T T T
L ®) —4— Predicted Background
@ From rebalancing and smearing (R+S) of events with g o contne Bumsgroons
measured jet response ) g 1 B s oreeniny
w

£ ?

@ 10* =
= 1

£ of

n

2 -05 ﬁ
T.’,‘ 1 L L L L L L

£ 0 100 200 300 400 500 600 700
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Inclusive search with jets and high MET (K1) (SUS-13-012)

Multijets + H1 Results & Interpretation (BR = 100%)

No significant deviation of data from data-driven SM prediction!

CMS, L=19.5fb", /s =8 TeV

-#-Data W zovets [l Wi (e/pv)Hets
Il oco W (1, ) Hiets
Total uncertainty on background prediction
Hy [GeV]

#; [GeV]

2600

CMS , L=10.51b" (5 =8 TeV

0.0 4kl NLO-NLL exclusion
Observed + 10,
Expeciod: 1,

B
95% C.L. upper limit on cross section (pb)

A\ -¢

5

— One light

/
é

b gbs abs 7533 508" 000 107
m, [GeV]
§q production of the first two generations of §
— Exclude mgz <780 GeV for meo <200 GeV
1

If only one light § — mg <400 GeV for meo <80 GeV
1
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Inclusive search with jets and high MET (K1) (SUS-13-012)

Multijets + Hr Interpretation (BR = 100%)

CMS . L=10.5 b V5 = 8 Tev.

PP 56,0 - A%, NLOWNLL exclusion

bserved
xpected +

o [GeV]

95% C.L. upper limit on

m, [GeV]

CMS . L=10.5 b V8 = 8 Tev.

z 2
S, . s
E g

95%CL.

mo [GeV]

X

exclude mz <1.21 TeV & m_ <0 <100 GeV
X1

05555~ 885745655355 1060 1100 1200 1300 1900
m [GeV]
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Hadronic final states using MT2 (SUS-13-019)

MT2: 0-lepton search using MT2 variable and b—jets

CMS Preliminary, V5 = 8 TeV, L = 19.5 fb*
L MR AR ma
high H, £ Multijet
-

@ MT2: tranverse mass to measure the mass
of primary pair-produced particles in a
situation where both ultimately decay into
undetected particles

° (MQ)Z = (m¥s)2 4 mf-( +2( E_\’/_l's(i)E7>§(f) Cpvsl) LX)y B Y 3
@ Mrp(mg) = min [max(M.lr7 M%)] %— ‘L-—e ‘ ¢
with g7 X1 4 7X@ = 7 miss = 1|7 @ @

T oS e &

@ Analysis performed in bins of Np_jers, Njets,
HT, and ET

e Main backgrounds: Z(— vv) + jets,
W(— vv) + jets, tt, and QCD
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Hadronic final states using MT2 (SUS-13-019)

£56 600 BOO 1000 1200
Mgiuine (GeV)

Events

M (62

560

M (62)

signal region

£56 500 600 700 800 500 1000

exclude mz <825 GeV & meo <410 GeV —
~1
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Same-sign dileptons + jets (SUS-13-013)

Same-sign (SS) dileptons + jets

Very clear SUSY signature
. Small SM BGs: rare SM (tt+ V, VV),
Selection: “fake” /non-prompt, or charge mis-1D

@ 2SS leptons (e/p) with pr > 10/20 GeV (low/high pr)
0 Niets >2 (pr > 40 GeV, || < 2.4)

@ Hr >200/250 GeV (high/low pr)

@ 7 >50 GeV (and > 0 for RPV searches)

@ 54 bins in Hr, B1, Np—tags, and Niess

Backgrounds:
.
v

@ Rare SM bgs from simulation corrected for difference e a
@ Non-prompt from data: events with loosely isolated lepton ii w

are weighted by tight/loose ratio i

P

@ Charge mis-ID from data: e*e™ events are weighted with w-u !

charge mis-ID probability from simulation b
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Same-sign dileptons + jets (SUS-13-013)

SSD + jets: Results & Interpretation (BR=100%)

cmMs E=8TeV,L_=195m" Model A1
3 2 . T _
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- t cms FegTey, L, = 1951
- e 99— U0 1117 NLOWNLL exclusion

Events / 40 GeV
g

o 8 &8 8 8

ODserved + 10,0,y
Expected: 10,
GeV

< ®

(3 28

t S X 53 50 =
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-
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400|
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Summary and outlook

Summary and outlook

@ Search for physics beyond the
Standard Model is one of the main &g production, g ttX>
NS AR RN SRR A AN AP AR AN
motivations for the LHC experiments

900~CMS Preliminary = sus1301204ep (€+#) 195 1*

_ —— 5US-13-004 0+1-lep (razor) 19.3 fb™*
Vs =8TeV

800 A —— SUS-13.007 Llep (n, 2 6) 10.3 1"
Moriond 2014 — SUS13.016 21ep (0S+D) 19.7 b
— Observed
Observed -1 g5"

hery
- - Expected

~—— SUS-13-013 2-ep (S5+b) 195 b
— SUS-13.008 3-lep (31+b) 195 fb*

LSP mass [GeV]

~
=]
5]

@ So far, no significant deviation from
SM observed — gluinos of masses
with 1-1.4 TeV probed in various final
states (squarks of 0.8-1 TeV)

@ Run Il of the LHC at 13/14 TeV will
be crucial for SUSY searches

3
=}
S

@ Many more CMS results are available

0 600 700 800 900 1000 1100 1200 1300 1400 1500
gluino mass [GeV]

@ References:
e CMS public results:
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Summary and outlook
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Summary and outlook

MET +jets Predictions

Table 1: Predicted event yields for the different background components in the search regions
defined by Hr, Hir and Njw. The of the different rees are added
in quadrature to obtain the total uncertaintics.

Selection Zsuw W aw ocn Total Data
Niw  Hr[GeV] HriGeV] e X | > maX ckground
500800 200300 | 18215587 | 22114445 | 17494210 | 3071210 | 6088665 | 6155
9944218 2305
273163 451
42+10 &2
T 508
124226 305
a7am 124
ss3i88 52
76117 335
393480 120
181447 31
175548 52
253260 o5
167443 e
123435 >
Tosizo S
109431 e
=oiad 266
oos32 P
07+06 °
51%30 m
12417 a5
1s+10 4
Taziz =
35515 20
Liios 1
33214 21
1azos 94136 s
04io0a 05°2% 2
13108 EEETE] i
11+07 o136 3
G0z Tot15 | 28214 | oir s 5
06+06 | 48+29 | 23312 | a5 83° °
o6xos | 141f 20413 | 077 56 s
0otas 1400 | st 715 s
00182 | ooriz 24+14 | ool 337 2
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Summary and outlook

Multijets 4+ M7 Results: bin 20

No significant deviation of data from data-driven SM prediction!

, CMS,L=195f", Vs =8TeV

Events

(Data-Pred.)/Pred.

One bin shows an excess !

) kag =0.7+£1.8 and Ndata =9
o Plocal ~ 0.004 — 2.7c
® Pglobal ™~ 0.11 - 1.20
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Summary and outlook

SS Search Bins

Ny | B (GOV) | Nos | Hr € 200, 400] (Ge¥) | Hr > 400 GeY)
3 SR01 SR
y 0 SR3 SR
NENRE SR05 SR06
> SR7 SR8
23 SR11 SR1Z
B T SR13 SR14
T B SR15 SR16
>4 SR17 SR8
23 SR R0
. 0 SR SR
HIERE SR SR
>4 SRY7 SR8
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Summary and outlook

SS Prediction

Table 7: Predicted and observed event yields for the low-pr and high-pr signal regions.

. Low-pr High-pr
Region Expected pObserved Expecli'dg pObserved
SRO1 | 44 £ 16 50 51 + 18 48
SR02 | 12 + 4 17 90 + 35 1
SRO3 | 12 + 5 13 80 + 31 5
SR04 |91 + 34 4 56 + 21 2
SRO5 |21 + 8 22 20 + 7 12
SR06 | 13 + 5 18 9 + 4 1
SR07 (35 + 14 2 24 £ 10 1
SR08 |58 + 21 4 36 + 15 3
SR11 | 32 + 13 40 36 + 14 29
SR12 (60 + 22 5 38 + 14 5
SR13 | 17 + 7 15 10 + 4 6
SR14 | 10 + 4 6 59 + 22 2
SR15 | 13 £ 5 9 1n + 4 1
SR16 |55 + 20 5 39 + 15 2
SR17 |42 + 16 3 28 + 11 3
SR18 |68 + 25 1 40 + 15 7
SR21 (76 + 28 10 71 £ 25 12
SR22 |15 + 07 1 10 £ 05 1
SR23 (71 + 27 6 38 + 14 3
SR24 |44 £+ 17 1 28 + 12 7
SR25 (28 + 11 1 29 £ 11 4
SR26 (13 + 06 2 08 + 05 1
SRz |18 + 08 0 12 £ 06 0
SR28 (34 + 13 3 22 £ 10 2

21/25 A. Kasmi PHENO 2014 Inclusive SUSY Searches at CMS




Summary and outlook

MT2: Signal bin definitions

Table 1: Signal bin definitions of the inclusive M, analysis.

low Ht region medium Hr region high Ht region
M3 bin [GeV] Mr; bin [GeV] Mr; bin [GeV]
2jets 200-240 | 350-420 | 570-650 || 125-150 | 220-270 | 425-580 || 120-150 | 260-350
ob )e’ts 240-290 | 420-490 > 650 150-180 | 270-325 | 580-780 || 150-200 | 350-550
290-350 | 490-570 180-220 | 325-425 > 780 200-260 > 550
2 jets, 200-250 | 310-380 | 450-550 || 100-135 | 170-260 > 450 100-180
> 1bjets 250-310 | 380-450 > 550 135-170 | 260-450 > 180
200-240 | 420-490 160-185 | 300-370 > 800 160-185 | 350-450
3-5 jets, 240-290 | 490-570 185-215 | 370-480 185-220 | 450-650
0 b jets 290-350 | 570-650 215-250 | 480-640 220-270 > 650
350-420 > 650 250-300 | 640-800 270-350
3-5 jets, 200-250 | 310-380 | 450-550 150-175 | 210-270 | 380-600 150-180 | 230-350
1bjets 250-310 | 380-450 > 550 175-210 | 270-380 > 600 180-230 > 350
3-5 jets, 200-250 | 325-425 130-160 | 200-270 > 370 130-200
2bjets 250-325 > 425 160-200 | 270-370 > 200
> 6 jets, 200-280 > 380 160-200 | 250-325 > 425 160-200 > 300
0 b jets 280-380 200-250 | 325-425 200-300
> 6 jets, 200-250 > 325 150-190 | 250-350 150-200 > 300
1bjets 250-325 190-250 > 350 200-300
= 6 jets, 200-250 > 300 130-170 | 220-300 120-200
2bjets 250-300 170-220 > 300 > 200
= 3jets, 200-280 > 280 125-175 | 175-275 > 275 1> 125
> 3 bjets
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Summary and outlook

Define:

MR = \/(‘p;ﬂ + |P;2‘)2 - (pz,ql + pz,q2)2
and

MR = 1| EP= T 4+pT)—EP=(pl'+pT)
- 2
Define the “Razor”:

M
- Y7
R_MR

o For signal: Mg has peak and /\/I? has
endpoint at:

2_ 2
l\/Ia—M.0

X
Ma = —g

@ For background: exponentially falling
at relevant scales

m(x})[GeV]

Am = m(f) — m(9)

m(W) < am <mi)

4-body 3-body
i 0
m() <mish). AT G
::::::;ss"m (off-shell W) /" (off-shell t) (on-shell )
iscd /i byt AWEORD
(byloops) (has extra mass parameter)
mw) m(t) m(0)[GeV]

Mot Box. L’—BIS ~ 45

St BcgroLncs -joss, Wiz s | 40
background [~

=

- .

o °
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Summary and outlook

Razor 2
i Low Jand: M,>550 GeV and R°<0.3
on (E
. . 0.5
Extrapolate from background dominated side bands
at low Mg and R? to “search region” 03 ‘
500 1000 2000 3732?6&‘:/\0

Background model: 2D function of Mg and R? 2 cws ey oave o

fir}

zor MuMultiJet sox_" L =19.3 ' — Total Bkgd
—1betag
—=2buag

Model is fitted in each box indepedently but
simultaneously for each b-tag multiplicity

Shape parameters (n, M2, and M2 ) to describe

A . L} DU
potential differences between shape in data and § 967 o7 oe om 11z oTa
simulation £ 10 o Pretmnary Ea 7oy +oam
@ zor MuMultiJet soxJ’ L=1031 ‘7“’:' Bkgd
. . . . 10° — 1 b-tag
Analysis uses unbinned likelihood —=2bua

Projection of 2D plane on Mg and R? axis

No deviation from expectayin

Data/Bkgd
ounw

500 1000 1500 2000 2500 3000 3500 4000
M, [GeV]
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Summary and outlook

Razor 3

Mop (GEV)

1200 1400 1O
(Gev)

£66 00 800 1000 1200 1400
Myiuing (GEV)
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