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Irntrodewction

* SUSY has strong motivations as a BSM theory which seeks to explain the
shortcomings in the SM

* ltisableto provide an exp lanation fov ﬁne tuning, dark matter Hmrough the
LSP, uniﬁcation of gauge coup[ing

* Thus searching fov it is a major o’ojecﬁve of the LHC experiments

Standard particles SUSY particles

> Superpartner for every
SM particle

Higgsio > Spin differs by one half

» SUSY particles produced/
annihilated in pairs

» LSP is stable in R parity

conserv'mg models

| Quarks o Leptons ‘ Force particles Squarks \_) Sleptons o SugY'force
particles
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% CMS searches

> Important to kee}o awide range of searches on-going — you
never know where you will ﬁnd the ﬁrst signs for New Phys Lcs!

> Go aﬁer direct stop/ shottom but also go zyftev high Jet

mulﬂpliciﬁes, chavgino/ neutralinos/ slep’cons etc

> 1will present 4 analyses across the latter areas, all are with the

qu 2012 8 Tev LHC dataset

> Interpretation with Simplified Model Spectra — masses of
primary particles and LSP are free parameters
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Summary of CMS SUSY Results* in SMS framework
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Multi—jets + M/ 7T (SUS-13-012)

* Asinclusive as possi’ole by placing no
requirements on Ioj ets or [ep’cons
* 36 exclusive signal regions, divided using

Njets, MHT, and HT —independent —

combine for statistical power
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Mue/ti = JelsS 4+ MY/T7 (sUs-13-012) g

CMS Simulation, L =19.5 fb", {s =8 TeV, Baseline

i |

* Backgrounds are estimated using data-driven techniques 3 i " e Prediction |
§ B W—lv+Jets
tt/W + jets(e/p + v) g -
Occurs when the e/ are out of acceptance, not fo* E
isolated, not reconstructed 10 E
» Control sample consisting of a single isolated ;
muon is weighted according to e/ g E 0 aeas - ,_¢__+__+ ______ +
reconstruction and isolation efficiencies to &l 05— y 1000 B
]oredict the background in search regions. e L e Ba::n[eGeV]
- 3 e Datariven Predictionfom MC
tt / W + jets (Tha 4+ V) 2 ok Hacronio Tau MC Expectation
i

»  Similar control sample selection as e/p method — 10
but muon is rep laced on an expected T jet response 1 7 s

10" £

Dominant Systematics:

QO 05 pF T T T T =
5 fc =
> Statistics of control samp[e S 0T, .
El -05 i 1 I I I I I —
> Efficiency difference between data and MC B 200 300 400 500 600 700 800
< i, [GeV]
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* Backgrounds are estimated using data-driven techniques %
- .
/4 — VU &
> Trreducible background that results in real N
Missing Energy
> Use Photon + Jets controls sample to extract
cross-section ratio in MC, then app ly to data.
> Accuracy of MC ratio is verified with Z-dilepton
data and MC

Me/ti—jets + MAYT (sus-13-012)

CMS Simulation (s = 8 TeV, L = 19.5 fb™

H>350

0.30T—

0.08F —%— 200= M, [GeV]<300 E
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3 s Nyots = 5, A¢ cut, H_ = 1000 GeV

CMS Simulation, L =19.5 fb ™, (s = 8 TeV
> Systematic: Theoretical evror on cross-section ratio E Igj O CExecsion
o a8 777 stat. unc. MC -
QCD mUZtZJ et L%; —4— R+S Prediction from MC
» From [eptonic decays of heavy—ﬂavour hadrons, Jet
energy mis-measurement
> Events in data are re-balanced such that they have o 10
no missing transverse momentum — then ‘chey are % '
smeared with jet — response functions § - "15“ T R Ty Ty
e iy [GeV]
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* INTERPRETATION
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O’p’po\S/Z‘e—quln dileplon Searc ASUs-13-016) %

® 2opposite sign di[eptons (muon,

electrons) with Io-’cagged Jets

* Uses combination of
discriminaﬁng variables to

assess sensitivity to Tatttt,

CMS Simulation\/s = 8 TeV

Table 1: Selection criteria for the definition of signal region

Variable Description Criterion
Et Missing transverse energy > 180 GeV
Niets Number of jets >4
Nbjets Number of b-tagged jets >2
Jetl |y| Leading jet 5 <1
Jet2 |7 Sub-leading jet y <1
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Oppoé 1te—Sign di / eplon S ea)C. A(SUS-13-016) %
> Signa[ Region, SR, deﬁned on previous page, Control Region, CR, deﬁned on nverting one of

the two [ead'mg Jet eta cuts
> CRis dominated by SM processes

> Extrapolation factor in bins of MET, for a given b jet multiplicity
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Opposite—s/

7 a///e:pz‘on SearC.ASUS-13-016)

—
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Same—S/qn D//e:pz(on SearlA (SUS-13-013) %

> This ana[ysis Ioeneﬁts ﬁ/‘OWI avery clear SUSY signature, and small SM Ioackgrounds, (tthar +
V, W)
54 bins in HT, MET, #b—tags, and /\6€ts to be sensitive to a range of scenarios

On[y electrons and muons, not taus are selected

Y VY

Third [epton rej ected gC pair fa“s into the Z mass window

Np_jets | EX5 (GeV) | Niets | Hr € [200,400] (GeV) | Hr > 400 (GeV)
2-3 SRO1 SR02
0 >0-120 > 4 SR03 SR04
- - 120 2-3 SRO5 SR06
> 4 SR07 SRO8
2-3 SR11 SR12
1 >0-120 > 4 SR13 SR14
- - 120 2-3 SR15 SR16
> 4 SR17 SR18
2-3 SR21 SR22
-5 >0-120 > 4 SR23 SR24
= - 120 2-3 SR25 SR26
> 4 SR27 SR28
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Sare—-Sign Dz/e,pz(on — backgrowund (SUS-13-013) %

* Non-prompt leptons

CMS Preliminary ls=8TeV,L_ =19.5fb"
. L 70 Low-p_ signal regions with 0 b-tags
» From heavy ﬂavouv decay, electrons ﬁom photon conversion etc ~ 60; T . b
. . %) 27 ata
> Estimated ﬁrom DATA using a samp le that passes a loose = [C] Rare SM processes
g.) 50 Il Charge misID
selection, but fails ’cigh’c selection — then use ratio tight—to—[oose W [ Non-prompt e/

Total bkg uncertainty

77
S

®* Rare SM processes —

> W, HZ, WW, ZZ
»  Estimated using MC, but corrected for data/MC differences SRoT SRO2  SRO3 SR04 TSRO SROG SROT Smos

found in object selection efficiencies CMS Preliminary \s=8Tev, L, =19.51"

/////////

-_% 7 E High-pT signal regions with 0 b-tags
* Charge Mis-1D 2 + Daa
an'e LS- = 6 [[] Rare SM processes
. ) ) ) ) 0>350 Il Charge misID
> TFvents with opposde—&gn [ep‘cons with the charge mis- i I Non-prompt e/ u
Total bkg uncertainty
reconstructed

> Estimated by selecﬁng opposite ee or e —mu events passing fuﬂ

kinematic selection — then weighted by probability of electron M, /
ghted by p y of 2777%9 " ' L

SR0O1 SR02 SR03 SR04 SR05 SR06 SR07 SRO08

charge mis-assignmen’c
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Sare—Sian D//gpfon = Inz‘eljﬁrefdf/on (SUS—13—013)
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Search for Charanos, Necutdralinos (SUS-13-006)

> What are we looking for?

14
~() / g
P2 X2 .,'( ~0
e 14 T X1
- 0 » Three [epton search
, ~i 0, - X
l X1 \‘&1/
14

> Select electrons, muons and hadronicaﬂy —decaying taus (one tau at most)

» Princ 'qoal backgrounds ﬁrom WZ producﬁon, tt with a mis idenﬂﬁed “non-
prompt” lepton

> Events are spﬁ’c into signa[ regions according to My, MET and MT
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Search for C/’larq/ nosS, Newdralinos (SUS-13-006)

£ald

- Backgrounds: WZ producﬁon

» MC MET distribution is corrected by the Backgrounds are consistent with observations
data

> MET distribution split into regions

CMS Preliminary Vs=8TeV,L_=19.5fb"!
Of HT and Number Of M,.,<75GeV 75 GeV<M,,<105GeV M, >105 GeV

reconstructed vertices, as both of > % 19 1z 4
O o 144 EE= 4
. 7 R 3 )
these degrade the MET resolution % g0 e 4 ] g:;‘:“els-
\ 2 12 7 =€
. . . s ° 9 1" Y= 1 eeT
> Magmtude of the correction varies : 1 L utple
ﬁrom a few per cent to 30%. . L - B oy
&z 1> e Data
g2 18 i [ Higgs
° _ VR 13 1EmZZ
Fake and non prompt lep’cons tg] F | e
; ° Y ) f - WZ
.- S 7 3 { Il Non-prompt
> onbalothty for a non-prompt lepton to R G 1 Rare SM
. . . . . Bi™ 1GeV] Total bkg
satisfy isolation requirement is measured ] 2 122 ncertainty
in QCD-enriched data sample S z
S
. . = g
» This is then apphed to a three-le]oton 5

samp le with one of the [ep‘cons’ isolation 0150500

150 200

Vequirement inverted
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Search for Charanos, Necutdralinos (SUS-13-006)
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Surmary
[ T

* The search fov New Phys lCS remains a key motivation of the

LHC experiments
* CMS has a broad array of searches, pvoloing vast areas of

parameter space
* No signiﬁcant SUSY signal has been observed...

* A small ﬁfacﬁon of the analyses has been pvesen’ced, please see
— https:/ [twiki.cern.ch/twiki/bin/view/CMSPublic/ Ph_vs icsResultsSUS

e See also Davyl Hare’s talk here for CMS results on third

generation SUSY searches
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