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*Beyond Higgs? - Supersymmetry!

*Supersymmetry is a global symmetry of spin
* each fermion has a bosonic partner, and vice versa
*all other properties identical

*Supersymmetry is theoretically well motivated
1t provides a solution to the hierarchy problem
umflcatlon of gauge couplings

* can provide a candidate for Dark Matter :

*Higher order corrections to Higgs mass :

*fermion and boson loops have opposite sign ("\}
. . t t
*hence the quadratic divergences cancel NS

*Next step in understanding of fundamental
science, after Higgs boson discovery
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*Search for 34 generation SUSY
- stop and shottom searches
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*Focus of current searches

*stops and sbottoms o reesusyowe
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*gluinos and “light” squarks

*search again for stop and
sbottoms in gluino decays

~10°

#events in 20 b 8TeV LHC data
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* . . S
searches for H]ggS in SUSY 10* =506 ""200 600 800 1000 1200 1400 1600
cascade SUSY sparticle mass [GeV]

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSY CrossSections arXiv:1206.2892

NLO(-NLL) o(pp— SUSY) [pb]

*charginos, neutralinos,
sleptons

*RPV searches
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*Focus of current searches

*stops and sbottoms
* Direct stop pair production SUS-13-015
* Monojet search for stop-> charm y,° SUS-13-009

*gluinos and “light” squarks

*search again for stop and sbottoms in gluino decays
* Inclusive search with M, SUS-13-019

*searches for Higgs in SUSY cascade
* stop, -> stop, + higgs/Z search SUS-13-024
* neutralino, -> higgs + gravitino SUS-13-022

* charginos, neutralinos, sleptons
*RPV searches

*There are many many more results, please check:
*https://twiki.cern. ch/tw1k1/bm/v1ew/CMSPubl1c/Phy51csResultsSUS
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*Searches for charginos,
neutralinos & sleptons - Summary
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*direct production of stops
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*Stop searches cten i

“Dominant stop decay channel largely VAR
depends on available phase space mommmmm oo
Decay modes in the m(f) vs. m(¥°) plane Am =m(t)-m(3P)
Am <m(W) m(W) <Am<m()  Am>m(t)
; A P A\ oY 4 A A\ [ A \
)
O |
cz;; i
ol 2 <
E :::::: ............ 9% %
- o Z =5
- S Z
s /%f%
A o O
6\%.:.::::::: '~ ~0 ~ ~ 0 O% ?}\
S t > bW X1 I —=1), o, &
\ i S (off-shell top) (on-shell top) ®
Ry ~0
o X1

>
La Thuite ? m(W) m(?) 8 m(f ):[GeMlry 2014



*Direct stop production - SUS-13-015

*Hadronic decay channel, aims at reconstructing tops

*Uses Prics, Mry, MRS and M3iet distributions as discriminating

CMS Preliminary, L=19.4 fb™, {s =8 TeV
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[0
(O] —— Data ]
3 /W= 1, +X
g [0 t/W— e u+X
i) 0 z—vw T
S U | s e Signal (500, 100) |
o b 7z - Signal (650, 50)

///////////

//////////////////

CMS Preliminary, L=19.4 fb™!, Vs =

8 TeV

Events / 50 GeV

—e— Data ]

W= 1, +X =
[0 tW— e u+X
0 z—vw ]
--------- Signal (500, 100) 3
----- Signal (650, 50) 7
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miss [GeV] My, [GeV] 0.5 M + MI™* [GeV]
Search Z — v tt/W tt/W QCD Rare
region —e, u+X | — H+X processes || background
pmiss > 200 GeV, Npjets > 1 | 35.8 +}gg 89.3 F210 | 1202 T35 1 32 F382 | 58 ¥29 12543 +§§g 254
piss > 350 GeV, Npjets > 1 | 132753 | 82740 | 165137 | 10755 | 20 719 409 *5 45
piss > 200 GeV, Npijets > 2 | 6.1 +153 338 1103 | 453170 | 01106 | 31118 88.4 +}§§ 83
piss > 350 GeV, Npojets > 2 | 1.8 f?;g 1.2 719 43117 101103 | 12198 8.6 71
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*Limit in stop-neutralino mass plane
SUS-13-015
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*Limit in stop-neutralino mass plane

*Dependence on
stop BF
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* Monojet search for stop->charm x,°

SUS-13-009
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*Monojet search as function of leading ¢
jet pr (> 250 GeYV, ..., >550GeV) P
*MET > 250 GeV I b
* Allow for second jet with p; > 60 GeV,
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*Interpretation - SUS-13-009

pr(j1) (GeV/c) | > 250 > 300 > 350 > 400 > 450 > 500 > 550
Total SM 35862+1474 17409+803 8064+437 3907+250 2098+160 1096+106 563471
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*inclusive searches
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*Inclusive search with M., - SUS-13-019

“Search for excess in M, distribution in data binned by HT and

number of b-tags

A
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nclusive search with M., - SUS-13-019
*data-driven background estimations

*single muon sample for W+jets and tt+jets

*photon + jets and di-muon sample for Z+jets

*QCD from M, sideband extrapolation

*Search in bins of M, with M, > 200 GeV
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*Qveryiew of squark & gluino searches

1st & 2"d generation ]

sbottoms

stops

*Direct squark production: sensitivity around 600-700 GeV
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*Gluino pair production: sensitivity around 1.0-1.3 TeV
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*Higgs in SUSY cascade
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* Stop, search with decay via Z and H - SUS-13-024

u;z close the gap where

Tt production
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*EWK production of Higgsinos with
decay to nggs -SUS-13-022

CMS Preliminary, L=19.3fb™, Vs =8 TeV CMS Preliminary, L = 19.3 fb, Vs =8 TeV
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* Interpretation in GMSB model- SUS-13-022

Syer = [30-50], [50-100], [100-150], [>150]

10

CMS Preliminary, L = 19.3 fb™”, /s =8 TeV CMS Preliminary, L =19.3 fb”, s =8 TeV
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X0, X3, and Xy states are pure higgsinos

X(l), )Eg, and )Zli mass degenerate

Ko MatCheV & S- Thomas, oy e by ey by by by
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*QOutlook

*Good prospects for
SUSY from energy
increase from 8->13
TeV

*much larger than
just ratio of CM
energies

*up to factor ~50 for
pair production of
1.5 TeV gluinos

*factor 6 for stop
pairs of 500 GeV

*Not only good for
SUSY but also Z’
etc.

luminosity ratio
o

1
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WJS2013
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[ ratios of LHC parton luminosities: 13 TeV /8 TeV j’
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//
——g9 ;
. stop pair /" /
i a9 @ 500 GeV /" 4 |
MSTW2038NLO
' | L ) )
100 1000
M, (GeV) gluino pair
@ 1500 GeV
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*Projections for 300/fb @ 14 TeVY

Exclusion with 20/fb @ 8 TeV Discovery with 300/fb @ 14 TeV

t-t production CMS Preliminary
—_— 500 — T T ——r — —— — ;‘ :I T I T II.’L I’J L I LI LU | LU | L ! L | L :
= FT TTL \ \ \ \ ] ~0 1
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*Searches will cover the interesting region of stop masses
up to 1 TeV with 300/fb @ 13 TeV

*Neutralino masses up to 500 GeV
*In gluino mediated models, reach up to m, of 2 TeV
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*Summary

*Supersymmetry proves to be elusive

*Searches focus on stops and sbottoms because of special role for Higgs
boson

* Sensitivity for charginos/neutralino/slepton production is becoming
interesting

* very broad search programme for gluinos and squark production

*Discovery of a Higgs has led to several analyses searching for Higgs in
SUSY decay chain

*Degenerate mass spectra prove to be difficult but accessible through
monojet searches

*LHC @ 13 TeV will open up a large region of so far unexplored
parameter space

* Check here:
*https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Thank you!




*backup
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*from 2010 -> 2012

13 candidate events 1000’s of candidate events,
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*(na) SUSY - Big picture - RPC

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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*RPVY searches

Summary of CMS RPV SUSY Results* EPSHEP 2013
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CMS Preliminary, \§ =8 TeV, L= 19.5 f5"
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*MT2 - SUS-13-19
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*M., Higgs search - SUS-13-019

*Cls T F 1 . CMS Preliminary, Vs = 8 TeV, L = 19.5 fb”
Slightly modified search cuts: o oM Preiminary 8 -8 TeV, L= 19515
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Look for excess in invariant mass : f
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*Expected sensitivity @ 14 TeV

CMS contribution to ECFA workshop
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*The SUSY (s)particle spectrum

SM Particles

[Particles]

Quarks

6Graviton
Higgs

Photon
Gluon
Z-Boson
W-Boson

Leptons

> %\ Fermions

Bosons
Spin 1
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SUSY Partners

[sParticles]

sLeptons . s Chargino
sFer'mions/splﬂ ° Wino
Bosinos
spin

*Search for ~all of these, produced
35either directly or in cascades
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