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Introduction

Status of SUSY searches with 8 TeV

Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Introduction

Cross section comparison (13 TeV/8 TeV)
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» Gluinos with so far highest excluded mass (in RPV SUSY) first
to search for!

» Squarks still enhanced by factor 10-15, starting to reach new
territory with 2.3 fb-1
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Introduction

Simplified models for gluino-pair production
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All-hadronic searches su-

Most all-hadronic searches cover a large model range; typical variables:
+ H; = 2 p:(jets), MH;= | -= Py (jets), ME;= | -= p5 (all objects)|
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. 160 053
All-hadronic searches su-

Main backgrounds in all-hadronic searches:
» WH+jets and ttbar (with leptonic W decay, but lepton is ‘lost”)
» QCD multijets (misreconstructed jets might lead to large ME;)
« Z>vv+jets (mimics signal)

All backgrounds determined from data:

» Define control regions (CR) orthogonal but kinematically similar to signal
regions (SR)

+ Use (partly simulation-based) transfer factors to translate CR yields into
SR predictions

Example: Z->vv+jets prediction with y+jets and Z>un Y
» Declare photon or muons invisible \
» Re-calculate MH; for this event AW LY
» Correct for the photon reconstruction efficiency,
neutrino branching ratio, cross section ratio, Hy JB /7 %\

R, and residual differences btw. data and MC
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Single-lepton inclusive searches

Mostly also quite inclusive, and less QCD multijet background; typical variables:
+ Ly = Z p; (lepton)+ME; A®(W,lepton)
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Di-lepton searches

Opposite-sign dileptons:
» Mass edge could be visible for some SUSY decays

----------- m; =700 GeV hypothesis

» Largest deviation from SM prediction with 8 TeV data (ATLAS:on-Z;
CMS: off-2)
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Di-lepton searches 1605.03171

Same-sign dileptons: very clean signature, SM background very low
» Main backgrounds:
» Non-prompt leptons (HF decays, hadrons, u from meson decays, y-conversions,...)
» SM processes with SS dileptons (WZ, ttV)
» Charge misidentification
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SUS-16-003

Multilepton searches

Multilepton final states expected for many BSM models
» Main backgrounds:

+ Nonprompt leptons (HF decays, hadrons, u from meson decays, y-conversions,...)
» Diboson production (WZ,Z2), ttV

CMS Preliminary 2.3fb7(13 TeV) CMS Preliminary 2.3f7(13 TeV)
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Signal regions

Most analysis define exclusive signal regions in bins of several variables:
Example: single-lepton search, binned in:

» Number of b-tagged jets

» Number of jets

v L7
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Exclusion limits: gluino production
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Exclusion limits: gluino production

No signal observed in any search - set limits on neutralino vs gluino mass
Exclude decays to light quarks with intermediate decay to %’ or %=
» all-hadronic and single-lepton search have
similar sensitivity
» multi-lepton search stronger in searches for
EWKinos
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Gluino production in GMSB models

SUSY models with gauge mediation often predict:
» Photons, W or Z bosons
» Gravitino LSP
» Neutralino NLSP
Main backgrounds in searches with photons:
» QCD multijets with mismeasured jets leading to ME;
» EWK background with intrinsic ME; and misidentified vy
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Where we are...

+ Introduction

» Searches
» Gluino-pair production
all-hadronic final states
leptonic final states
——> Squark-pair production <=
all-hadronic final states o
leptonic final states =

» Summary
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Events

All-hadronic searches

All-hadronic searches are usually sensitive to pair production of light squarks in
search regions with lower jet multiplicity

Specialized searches for sbottom and stop pair production; typical variables:
+ My (by 5, MET)= min(Mx(bjet1,MET),M(bjet2,MET))
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Exclusion limits: squark production

No signal observed in any search - set limits on neutralino vs squark mass
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Exclusion limits: squark production
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Where we are...

+ Introduction

- Searches
» gluino-pair production
» squark-pair production
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Summary and Outlook

First results on SUSY searches with 2.3 fb-! of 13 TeV data have been
presented
» No signal observed
» Exclusion limits on gluino-pair and squark-pair production exceed
already the 8 TeV results by more than 200 GeV
» With data from the 2016 run, sensitivity to electroweak production will

open up
- searches for neutralinos, charginos and sleptons will become
sensitive
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BACKUP
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All-hadronic searches

Most all-hadronic searches cover a large model range; typical variables:

» Hr = 2 pr (jets) MH.= | -X p7(jets)|
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Di-lepton search - signal regions

Comparison ATLAS - CMS

Njets/ Hr Nbjets EMiss (GeV)  Predicted Observed
100-150 29.1 33 28
SRA 0 150-225 9.1 %33
225-300 34110
2-3jets > 300 21137
100-150 14.3 137 21
and Hy > 400 GeV >1 150-225 69753
225-300 6.1 3¢
> 300 15125
100-150 23.6 737 20
SRB 0 150-225 8.2 131 10
225-300 0.8 157
> 300 15125
100-150 447 777 45
> 4jets - 150-225 16.8 734 23
- 225-300 0.6 753
> 300 15135
ATLAS - SR:
Hr +pr 4+pr 2 > 600GeV | EF™ >225GeV  Adpms ;- > 04 123753 14
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Limit for t—>cx

m(t) < m(b) + m(W) + m(x?)

CMS Preliminary, 2.3 fb™", \s = 13 TeV

< 450 — 1 )
© pp >ttt > c% NLO+NLL exclusion .2
O 400| — 1 =10 ¢
= —Observed + 16, . o
7 Ses ’ =
(3 350 === EXpeCted + 1 Gexperiment _ 8
& = m 7}
C 7 - %

300:— E 8

n i —410° ©

290 331 &
200F 4 1 E
1501 - S

C 1 —J10 %

C ] E -]

100 I

- m @)

50__ ] | o\o
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m: [GeV]
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The Standard Model

Finally complete! . (Non- )unlflcatlon of the
Predictive! ‘ Radiative corrections to forceswd 1.
Higgs mass: - I

T T 40 b
L araucier awputvae L1 vawe St )
V] 911875 £0.0021 76+ 0.0021 ’ - 1 /ﬂb*

1875 21 911876 2
2.4952£0.0023  2.4956 % 0.0015 , z - ) e
; o 30 Q \
" E
lep. K

41.540 £0.037 41478 £0.014
20.767 £0.025 20.741 £ 0.018
0.0171£0.0010  0.01624 £ 0.0002
) 0.1465£00033 0147300000
A, (SLD) n 1513 40,0021 (
in? 0 fQFB 0.2324 +0.0012 B
4;5 00707 £0.0035 o - 1/ o
00992 £ 0.0016 ! v . . . i \
L . Neutrinos are massive. ' SLogE (GeV)

0.923 +0.020

oy e bt % . Fermion masses stretch Dark matter?

a0 (M3) s 216472

My [GeV] 80300 £0023 mﬁH v i z -
AFu[[GeV]] 208L0068 20040000 w Over 13 Orders Of Where |S the antl-matter?

WlGeV] 1254000 120,09

mey mw wwe on )RR magnitude (from neutrino How to include gravity?
B to top quark).

B UIET
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Dark Matter

We don’t know much about the largest part of the universe!

Galaxy rotation curves M

expected
from

VIR | B | : e - luminous disk
4.9% e " -

R (kpc)

" M33 rotation curve

Dark Energy
68.3%

Bullet cluster(1E 0657-558),

two colliding clusters of galaxies:
« Light-emitting matter

« Dark matter
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Introduction to Supersymmetry

SUSY: a beautiful and straight-forward extension of the SM...

Only possible
extension of the
Poincare group
Solves most SM
questions (Includes
gravity, Dark Matter,
unification of the
forces

Predicts a light Higgs
Perturbative >
predictive

Predicts many new
scalar particles

We don't know their
masses

Hard to find (at least
up to now...)

Adds new quantum
number to prevent p
decay, but otherwise

not theoretically
motivated...

Ban ]
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Escaped 30 years of
searches!

SUSY breaking not
understood (soft
breaking in hidden
sector?)

We are flowed by 105
new parameters...



Supersymmetry

Each SM particle gets assigned a SUSY partner particle with spin differing by V2

SUSY transformation:
+» Q |fermion> = |boson>
+ Q |boson> = |fermion>
Name convention:
+» Fermion <-> S-fermion
» Boson <-> bos(on)-ino

Standard-Teilchen

Higgs

Quarks ‘ Leptonen

Isabell Melzer-Pellmann — SUSY Searches at CMS

. Kraftteilchen Squarks

SUSY-Teilchen

Higgsino

() SUSY-Kraftteilchen

J Sleptonen
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SUSY Particles

Overview of Particles

Names Spin | Pp | Gauge Eigenstates | Mass Eigenstates . .
Higgs bosons | 0 | +1| H® HY HY H; | k" H® A° H* 5 physical Higgs
| i g dr di | (same) bosons
squarks 0 -1 &r 8p Cr Cp | (same)
tr, tr by b f; &2 by by
€r. Er U (same)
sleptons 0 -1 ir fig 7, (same)
| b | FARE
neutralinos | 1/2 | -1 BY WO ET,E' .!E_IE N, No N3 N, %10, %20, )?30, )?40
charginos ‘ 1/2 | -1 W ﬁu ﬁd | EL_ E‘Ei PRaD P
gluino 1/2 | -1 g (same)
Craiting) | @2) | ~1 G (same)
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SUSY Models

MSSM - 105 free parameters (masses, couplings, phases)

PMSSM - 19 free parameters (first two sfermion generations degenerate,
and with negligible Yukawa couplings)

» 10 sfermion masses

» 3 gaugino masses

» 3 tri-linear couplings (A,,A,,At)
L MAI tanB

CMSSM - 4 free parameters
+ 1 phase
- tanp, Ay, My, My,, sign(u)

NMSSM - contains one extra singlet
chiral superfield

- solves u problem
(uw at EW and not Planck scale)

MSSM
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Full vs. simplified Model

Past: interpretation in CMSSM

Present: try to make it more easier for theorists to compare their model to our
result - use simplified model!

CMSSM What we put in:
- _ Pair Production 1%?% e .
g w8 AN 5 much simpler...
gt _ 51% ’ )/(1)'19,2 g 5
T i 105 16% é /‘:ﬂl‘;"f
.ﬁR  ——— 7_( 100%
'g: — r_ (>u)
ak b‘ ~ 500
X
)«{;4, o
X5

~

86% of all hadronic
production in LM1 consists o
of “simple” decay chains.

°><z

This makes it particularly

98%
(=]
amenable to being
approximated well with a
3-particle OSET.
o

Slmpllfled Model Spectrum (SMS)
with 3 particles, 2 decay modes

e ~
100 xlo

Future: ??7?
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