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MOTIVATION

e High gluino/squark production

cross-section due to strong coupling to

incoming pp

e Heavy sparticles decaying to SM particles

® |ong decay chains with large visible

momenta

e Hadronic decays contributing with higher

NLO(-NLL) o(pp—> SUSY) [pb]

10*

branching ratio, but leptons possible

https://twiki

LPCC SUSY o WG

10°

#events in 20 fb! 8TeV LHC data
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i.cern.ch/twiki/bin/view/LHCPhysics/SUSY CrossSections arXiv:1206.2892

e Under R-parity conservation, the Lightest SUSY Particle (LSP) is stable
e Large missing momenta (E™iss)
e Natural Dark Matter candidate

e SUSY mass hierarchy unknown — inclusive searches aiming for large sensitivity
to a wide variety of signatures

e inclusive selections

e with fine categorization of events
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OUTLINE

e Selected set of results using /s = 8 TeV

SUS-13.012

SUS-12.024

SUS-12.028

SUS-13.019

SUS-13.004

SUS-13.007

Search for new physics in the multijet and missing transverse momentum final state in proton-proton
collisions at 4/5 = § Te

Search for gluino mediated hottom- and top squark production in multijet final states in pp collisions at 8 TeV

Search for supersymmetry in hadronic final states with missing transverse energy using the variables ar and
b-quark multiplicity in pp collisions at /5 = 8 TeV'

Searches for supersymmetry using the Mrz variable in hadronic events produced in pp collisions at8 TeVl

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

Search for supersymmetry in pp collisions at /5 = 8 TeV in events with a single lepton, large jet multiplicity,
and multiple b jets

JHEP 06 (2014) 055

PLB 725 (2013) 243-270

EPRJC 73 (2013) 2568

JHEP 05 (2015) 078

PRD 91 (2015) 052018

PLB 733 (2014) 328-353

3% http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html

e Selected set of commissioning plots from the first 13 TeV data
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HT + MHT SEARCH (SUS-13-012)

“Classical approach” based on
multiple search bins in HT and MHT
® Hr =3 s |Pr| ™ visible energy
scale
® A1 =|— X e Br| ™ invisible
energy scale

CMS, L=195fb" fs=8TeV
35Ny, <5, H >500GeV, ;> 200 GeV

6<N

SELECTION

Trigger: HLT_HT350_MET100

At least 3 jets, pr > 50 GeV, |n| < 2.5
Hr > 500 GeV

At > 200 GeV

Veto isolated e/u, pr > 10 GeV
Ad(HT,jet) > 0.5,0.3,0.3

CMS, L=1951b" (s=8TeV
lews S 7, H; > 500 GeV, Hi; > 200 GeV

Methods based on control

data to predict bkgs:
® ,+jets to estimate top
and W+jets bkgs

® ~+jets to estimate
irreducible Z — v

® ‘rebalance and smear”
method to estimate
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HT + MET + B-JETS SEARCH (SUS-12-024)

—e— Data R\ Fullfit

Similar search strategy to previous CMS,L=1041" (s=8Tey ~ EETmaemewes Koo
anaIySiS USing MET and b‘jets N, = 2, MET4 Ny = 3, MET2 N, = 3, MET3 Ny 2 3, MET4
i g 80T @200 g 45T g 12T
° > SJets, pr > 50 GeV, two g NN L%lso E 20 L%
leading with pr > 70 GeV . 160b8 17
® Hr > 400 GeV 140 20
. 50l ]
Emiss > 125 GeV 120 2
® no electron, muon, isolated o 1 20
charged-particle track, 30 80 5
pr > 10,10, 15 GeV oI 60 .
. 40
® at least one b-tagged jet, 10k
20 5
pr > 50 GeV, ot o
e normalized Adpin > 4.0 Eggg Egpg

Bin  H;(GeV) Em(Gev)

e Data control regions to predict backgrounds: T | s | e

e single lepton control sample to estimate top and W+jets bkgs (L) (V)
o Z — ete~(utpu~) control sample to estimate Z — v 2 5°&;;°° 1{”&;25)"
® low Agy, control sample to estimate QCD 3 800-1000 250-350
(HT3) (MET3)
. . . i 4 1000 350
e Categorize search regions in Ny, Hr, EF' T | e
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aT SEARCH (SUS-12

ot variable designed for a strong g g e
suppression of QCD 21 e
EF 1 Hi—AH g -
aT = g = 5 X ———— By oo
MT’le 2 \/m Wig —_— [S)ta'ndald model

— = Non-multijet
Multijet
------ Reference model D2

e perfectly balance dijet system ar = 0.5

e imbalanced back-to-back configuration
ar < 0.5

e for multi-jet events, jets are merged into
two pseudo-jets ' ' ' a

SELECTION

® Trigger: Hr-at dedicated triggers

e Signal regions categorized in bins of

® Atleast 2 jets with pr > 100 GeV, N;, Ny andHr
In| < 3.0 e jet multiplicity: 2-3, > 4
® Hr > 275 GeV e b-tag: 0,1, 2,3, > 4b-jets
® a7 >0.55 e HT bins: 275-325-375-475-575-
675-775-875-

® Veto isolated electron/muon (photon) with
pr > 10(25) GeV

4
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a7 RESULTS

£ BT awsimisosrev ]
; 104 e —<¢— Data (signal region, n b= 0 n‘24) =
g E Standard Model + Expected Unc. E
B..F e SM+pp - §3.§ -~ adX b
10 E (m_=700GeV, m, =300 GeV) 5
E |
e Backgrounds estimated with transfer 10 E
factors using data control regions: WL _
® u+]ets ) 300 400 500600 700 800 ‘Héc‘()g‘v;

e
.Z_.>MM+JetS _% LT wHHw“w‘]‘r‘w““\“‘T\“‘
10°E CMS, 11.7 fb™, Vs =8 TeV —
7+ jetS > E —+¢— Data(signal region,n  =2;2<n <3)J
E e Standard Model + Expected Unc. ]
) ) o [ SM+pp ~ bbb~ b -
v Data consistent with SM background o (m=500Gev.my =150GeY) 3
predictions B ' i
10e H
£ e ]
= B E
1071?\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\E

300 400 500 600 700 800 900

H; (GeV)
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M7> SEARCH 13-019)

19.5 fo™ (8 TeV)
. o S e e
e My, is a generalization of the transverse mass 3 105 B CMS High H -\’X';i'j‘gg 4
for decay chains with two unobserved particles = E° WZets ]
— 10* L* M Top quark |
. i i - E 2 W Other E
P;S +P7)S :psgus g ; g
w "
° 10 E E|

multijet events divided into 2 pseudo-jets g
associated to two visible systems 10¢

Mr> sensitive to genuine E}™
QCD highly suppressed by Mr,

1

1L
1079100 200 300 400 500 600 700 800
My, [GeV]

SELECTION

e Backgrounds estimated from data

® low A¢pmi, to estimate QCD multijet
veto e/u/T, pr > 10,10,20 GeV

A¢min(Er, jet 2,3.4) > 0.3, jet [n] < 5.0
v

e Triggers: Hr-only and Hr+Emiss control regions

® >2jets, pr > 40GeV, [n| <2.4 e e/u/tau+jets to estimate top and

® Hr > 450 GeV W+jets bkgs

o My > 100 — 200 GeV ® ~+jets to estimate irreducible Z — v
[ ]

[ ]

% Bonus: optimized search and interpretation
for Higgs in SUSY cascades

Bruno Casal (ETH) Inclusive SUSY at CMS LHCP15 e 01/09/2015 9/25



M7> RESULTS

e Search regions categorized
in bins of Nj, Np, Hr, Mr»

v Data consistent with SM
background predictions

19.5 fb™ (8 TeV)

700

N=2,N,=0 [[Multijet
Low H; [H]Lost lepton

. Z(W)+jets

400 500 600 700
My, [GeV]

Wz+iets WTop
W W-iets [Multijet

>3 e

Z 2| g g

H; [GeV]

2 3 5 30 200
; ™™ [GeV]

19.5 fb™ (8 TeV)

%] 104 | I L I O
g E.Multijet
o 10 i.Lost lepton 7
| Il Zv)+Hets

| + Data ]

10?

High HT
0
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RAZOR SEARCH (SUS-13-004)

e Razor variables computed from pseudo-jets
assuming pair-produced new physics

Mg = /(B + B2 — () + pE )2

)

ME = \/ ER (pf + pf) — Epss-(5f + BF
- 2

e RZ: invisible energy scale

) /\//54\/1)2
e Mpg: mass scale, peaks at W

2

e 2d analytical shape is fit in bkg-enriched
sideband and extrapolated to signal region

SELECTION

e Trigger: Razor-specific triggers

e Atleast 2 jets with pr > 80 GeV, |n| < 2.4

e Atleast 1 b-tagged jet

e Mp/R? (>300-400GeV/0.15-0.25) driven by trigger

e Categorize events in orthogonal “boxes” based on
jet and b-jet multiplicities, and lepton content

4

Bruno Casal (ETH)

Inclusive SUSY at CMS

©10°

2 10*
L

Data/Bkgd

19.3 fb (8 TeV)

E cMs -4-Data
E Razor MultiJet box — Total bkgd
L -1 b-tag

-~ 22 b-tag

Mg [GeV]
19.3 b (8 TeV)

CMS -4-Data
Razor MultiJet box — Total bkgd

- 1b-tag
- 22 b-tag
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e Selection

e Gluino decaying to 3rd generation squark has
high probability to contain leptons and b-quarks

e Trigger: lepton15+HT350+MET45
e One isolated electron/muon, pr > 25 GeV,

In| <2.5/2.4
e Hy > 400 GeV
® N;>6,Ny>2

@ & + Hr search

e Two background estimation techniques:

e Two complementary search approaches

lepton spectrum (LS) and E; template

(MS)
@ S+ Ap(W,¢) search

e S"P: scalar sum of Er and lepton pr
T

e A¢(W,¢): azimuthal angle between W

and lepton. Highly suppresses top bkg

Bruno Casal (ETH)

Inclusive SUSY at CMS

SINGLE LEPTON SEARCH 13-007)

CMS 193fb‘ F:sTev
> 10°F T =
@) E HT> 750 GeV 0 Data 3
(O] F N, 23 30 Prediction (LS)
8 A PredlcNtLorl(MT)
~ 10k pp - 0.9 — tix;
) E - (1250,0)
€ ER, (1000,600)

S [
w 1F X E

£ % 3

N : T—al
10—1 E E “ ,‘ -
5y X
lo&u\uu\uuh < . + b
200 300 400 500 600 700 800 9001000
Er[GeV]
cMms 19.3fb* (s=8Tev
0 10°¢ T T T T T g
S f sPa4s0Gev —*-Data
> [ H;>500 Gev -2
w 107 N26 N3 :vv«ll
£ E=pv
10k PP - T3, gﬂ&p

—— (1250,0)
-+ (1000,600)
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INTERPRETATION

e Interpretation of the results in

©® Simplified Model Spectra
® cMSSM/mSUGRA plane

Bruno Casal (ETH) Inclusive SUSY at CMS LHCP15 e 01/09/2015 13/25



GLUINO PRODUCTION

g-g production, g— q @ 91)

500

%*1000:Hc:\l‘\/\I\S\Hr\.\e\Ii\r‘n\i\r\]\a.‘ryu‘HH‘HH‘HH‘HH‘\H
a C
g 900; \/g =8 TeV — Observed
2 £
E 800 ICHEP 2014 Observed -1 ogo¥,
] C .
1 700; Expected
600

400

300

e Gluino pair production

e Probe gluino masses up to
~1.3 TeV

1
200 SUS-13-019 (M) 19.5fb

== SUS-13-012 (H,+ #A;) 19.5fb™

100 [ == sus-12-028 (a;) 11.7fb*

H vl
T NI I N NI LI W A

400 500 600 700 800 900 1000 1100 1200 1300 1400
gluino mass [GeV]
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GLUINO PRODUCTION

=
© o
o o
o o

LSP mass [Ge
@
o
o

600

500

400

300

200

100

g g productlon g_> ttgp

E ‘ T T T ‘ T T T ‘
FCMS Preliminary

FVs=8TeVv
FICHEP 2014

L —SUS-12-024 el 19.41b"

——SUS13.012 O-lep (z#H ) 19517
- == SUS12:028 Olep () 117 0"
——— SUS-14-011 0+1+2-lep (razor) 19.3fb™
= SUS-13-007 1-lep (Ag) 19.3fb™
=== SUS-13-007 1-ep (LS) 19.3fb™
— SUS-13-016 2-lep (OS+b) 19.7 b
e SUS-13-013 2-lep (SS+b) 19.5fb”
SUS-13-002 (MultiLepton) 195 fb™
== = SUS13.008 3-lep (3l+b) 19: 5b”
SUS-13-019 (MT) 1951b*

Bruno Casal (ETH)

. . .
1400 1600
gluino mass [GeV]

Inclusive SUSY at CMS

Gluino mediated stop
production

Most stringent limits from
single lepton analysis

Probe gluino masses up to
~1.3 TeV
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GLUINO PRODUCTION

g g productlon ga bb 5{‘)

S‘ ‘ T T T ‘ T T ‘ T
8. [ CMS Prellmlnary —— Observed 1
21000 -
§ - \/7 8 TeV Observed -1 Ulshl‘e'ﬁrvy R
= r ICHEP 2014 b
o L Expected 4
% 800~ -
600 -
400 = . .
- e Gluino mediated sbottom
= SUS-14-011 (Razor) 19.3 fb™ 5 : prOdUCtlon
200 SUS-12:024 (£,+H,) 194 b ] 17 e Probe gluino masses up to
| = SUS-12-028 (a,) 11.7fb* : .: i ~1.35 TeV
r su513019 (M )195ft|1 : :i -‘ 1 q

0 . .
400 600 800 1000 1200 1400
gluino mass [GeV]
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DIRECT SQUARK PRODUCTION

g-q production, q-
T

ax,

%900:‘_”_”_ T
O, FCMS Preliminary
ﬁ 800 ?\E =8 TeV T SUS-13-012 (H,+ ;) 195fp™*
; 700 :JCHEP 2014 — SUS-12-028 (a,) 11.7fb™
pu [ —— Observed SUS-13-019 (M,,) 19.5 b
600 ; Observed -1 ufhuei:’y
[ o Ereo e Direct squark production
S00F" assuming two scenarios
400~ e First 2 generations of

squarks are degenerate and
light
e Probe squark masses up
to ~900 GeV
L e One single light-flavour
1000 1200 1400 squark is accesible

squark mass [GeV] ® Probe squark mass up to
~575 GeV

300
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CcMSSM/MSUGRA MODEL

19.5 b (8 TeV)
- T #‘ \\\ ‘ T [
2 oMs T V- cMSSM/mSUGRA
G, 2 \ évxtw@=%,%=amﬂqmd
[y
Eg %, \ % u>0; M, = 172.5 GeV
\ ©
= \%4‘ - 8 Observed limit = 10,6 iment
\” ~ | B Expected limit = 10y,

—
m, =1000 GeV
\ | | |

|

L ‘ L L ‘\ ) L 1 Il l L L ‘ \‘ L |
2000 3000 4000 5000 6000
m, [GeV]

I ‘ Il
0 1000

e Probe gluino masses up to ~1.2 TeV, and squark masses up to ~1.5 TeV
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COMMISSIONING (CMS-DP-2015-035)

Commissioning of key SUSY observables with the
first 13 TeV data

sk more in Lara’s talk in this session

@ full collection of SUSY commissioning plots at CMS-DP-2015-035
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Commissioning_results_with_2015

Bruno Casal (ETH) Inclusive SUSY at CMS LHCP15 e 01/09/2015 19/25
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TRIGGER EFFICIENCIES

Trigger efficiencies

HTB800 trigger provides common sample for high mass hadronic gluino search
HT350 MET100 trigger targets lower mass, e.g., compressed models

Measure rates and efficiencies with 50 ns data. Jets and E;™= calculated using full particle flow objects
after a fast pre-filter using calorimeter only.

H, = scalar sum of AK4 jets with p,>40 and [n|<3.

CMS Preliminary 42pb' (13 TeV) CMS Preliminary 42pb' (13 TeV)
1,4j L T T T T 1.4FT T T T T T T
F Denom: HT475, no leptons 600 [ Denom: MET170, no leptons
1.2F E(H, > 1010 GeV) = 99.7°02 % g 12f £(H, > 480 GeV) = 99.7:°1%, 72000
T 98% of plateau at 963 GeV {500 c ot 98% of plateau at 451 GeV .
S 1 s 4o 3
g > = F 1500
= [ 400 (5 (s (0]
L. 0.8F o B 08F 1
5 | 305 £ f <
£ 0.6f 2 Zogl 1000 &
g o0i B f :
i 0.4f Yo 5 o04f it
[ B F 500
0.2f 100 i o,
L. NP PR | 19 0loasa, ST ST ol
%00 800 1000 1200 1400 200 300 400 500 600 700 800

Offline H; [GeV] Offling H; [GeV]
Left: Efficiency of the Hy > 800 GeV trigger measured as a function of the Ht calculated offline
using jets with pr > 40 GeV and |7| < 3, as done in the High Level Trigger. Right: Efficiency of
the Hr leg of the HT350 MET100 trigger. The shaded histogram corresponds to the numerator
in the efficiency calculation, and the dashed line to the denominator. 2
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TRIGGER EFFICIENCIES

Trigger efficiencies

HT800 trigger provides common sample for high mass hadronic gluino search
HT350 MET100 trigger targets lower mass, e.g., compressed models

Measure rates and efficiencies with 50 ns data.

H; = scalar sum of AK4 jets with p,>40 and m|<3. Hy™st = vector sum of AK4 jets.
CMS Preliminary a2 pb! (18 TeV) CMS priminay 42D’ (13 TeV)

. = !
ot | Denom: E"f” Il DD”b’EE’ee n >“ Hy 500 Jd120 [ Denom: Ele27 I Doub(eEleB >4 H, >5oo—’14o
g12r i E(E*>250 GeV) - ‘000,'"“"/ T 12F £ €(H™ > 270 GeV) = 100. o*°°°/ 1
-~ F H 10/ o s 6. -
£ r 98% of plateau at 214 GeV {100 = b 98% of plateau at 236 GeV {120
= T 17 3 2 T - Fio0 3
PR [ | g0 @ =i} 18
n 0.8 ] o 3 o8l il o
e r 9 7Y 180 «
L osb 60 &« £ | ] 5

0.6 2 IoeL 102
z | ¢ = 10 5
< '_ 40 W 9] [ ] >
0.4 € 04l 1,
S f g 04 40
= L = [ 4
w 0.2 20 b 0.2F 20
L N, el [ F =
©" 0 200 300 400 O =00 200 390 3550

Offline ET' [GeV] Offline H'** [GeV]

Left: Efficiency of the HT350 MET100 trigger measured as a function of Eiss, Right: Efficiency
for the same trigger vs HJ'S, where we require H"* and ET" to be loosely compaﬁble with
0.5 < Hiniss/Emiss < 2, The shaded histogram corresponds to the numerator in the efflc1ency
calculation, and the dashed line to the denominator.
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HT + MHT

All-hadronic search in H; and H ™
Inclusive search at high H.. and H,™* in bins of N; and N,

An important background is W or top with missed leptons.
Measure this bkgd in single L control sample, as a function of kinematics.
Measure the hard-to-model W p, and use well known W decay properties from MC.

42pb’ (13 TeV)
e

S R R R
8 EI‘VIS ¢ Data:uCS

roliminary .

B vc: i
Q
© 402} MC: W—shv+ets
< El
@ B vic: single t
c
S
E ,o.i_.‘. ]
o R rFF r
=150 3
-~ :g ¢ 4 l 1
o 100 T [ ]
g 05L, 1 I + | I 1. d
300 400 500 600 700

n
=]
=3

Hr_Piss [GeV]

Events/(50 GeV)

Data / MC

CMS Preliminary

42 pb* (13 TeV)
.

SUS-13-012/12-024

[ OW+jets
- mSingle top

EDY+ets
Jac
[]Other

bty + | {+

200 300 400

600 700
p,(W) [Ge¥]

Left: Comparison of Hf*** in data and (normalized) MC using a single # control sample se-
lected with baseline requirements (4 jets, Hr >500, Hf"** >200). Right: Comparison of pr(W)
in single lepton (e,u; pr >10) events with baseline selection, ET"** >200 and Mr <100. 6
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Mo

All-hadronic search using M, SUSOD
Inclusive search with M, in bins of Hy, N; and N,
M;, = sTransverse mass, designed for final states with 2 missing particles

Another important background is Z—Vv. Estimate with photon sample, multiplied by Z/yratio.
Check modeling of MT2 variable in Z—t¢ and y samples.

CMS Preliminary, 42 pb™at Vs =13 TeV ?MS PreliTinam 42‘ pb'at \s‘ =13TeV
T T T T 3

- 2 T
< T 2 i 1
8 oL oGy o Data g 350} =2i, 200 onata
e 3 2 E
8 =2 200 [Jprompt 1 300 Wzsjets
5 % % [DFragm. W Top E|
E 50 [ Fakes 250 E
w B
40 200 E
30 150 E
20 100 E
10| 3

% 200 300 400 500 600 3000 400 500 600
M, (Photon Removed) [GeV] M;, (Z—Il Removed) [GeV]
1) E T T T T T [9) T T T T - 5
= E 3 = 155 f e
P TSRS S e o otdl E
g s +—— g eeesTeitty E
S o5k 3 8 5 . ) l . 3

o . . . . . 0

Comparison of Mr; distribution in data and (normalized) MC for photon (left) and Z — £~
(right) control regions, where the Mr» calculation treats 7y and Z candidates as invisible. 11
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All-hadronic search using AlphaT SUS-12-028

Inclusive search with o} in bins of Hy, Hy™*, N; and N,
AlphaT is a QCD killer, leavmg a top and EWK dominated background.

CM S Prellmmary

Lip=42 pb™, \s=13Tev
—e—Data
=== QCD Multijet
== EWK +jets
~= Total Standard Model

1 15 2 25

O

The ar distribution measured in data with a loose Njets > 2 and Hr >300 selection. Events with
at < 0.55 are collected with a suite of prescaled-Hr triggers which utilise low Hr thresholds.
Values of at > 0.55 are measured from the Hr-at signal triggers with a full analysis selection
applied. The data yields are corrected for the prescale of the triggers, and MC is normalized.
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CONCLUSIONS

SUSY searches are of crucial importance in the CMS physics
program

Squark and gluino production via strong interaction have highest
chances for an early discovery

CMS has ample coverage of inclusive searches

Results from 8 TeV data show no evidence for new physics so far
e Stringent constraints have been set in many SUSY scenarios

Inclusive SUSY analysis at CMS have shown readiness from the
50ns data at 13 TeV

CMS eager to analyze 25 ns data at 13 TeV
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