Status of SUSY searches
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SUSY searches with ATLAS and CMS

‘There are therefore Agents in Nature
able to make the Particles of Bodies
stick together by very strong
Attractions. And it is the business of
experimental Philosophy to find them

What are we searching for

out.
Newton, Principia

The Data and Search Techniques

Symmetry between

‘“Agents in Nature’ and

‘“Particles of Bodies”
SUPERSYMMETRY
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. . Standard particles SUSY particles

What could we learn if we find a - ~

“SUSY like” process
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SM “Particles of Bodies” make only 5% of the Universe
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< Analysis of fluctuations of BB relict: ~

[¢) . / . . . _ Dark Matter RSN 3 Dark Matter
%; 1icrowave radiation fluctuations with

% WMAP and PLANCK ]

% 2.8% Dark Energy
n

g Galaxy rotation curves Before Planck After Planck

g observed . 1} If not enough matter,

5 I = o mn BN the objects in galaxies

'% would fly apart

@) expected F ZW|Cky,

§ frg N Astrophys. J. 86 (1937)

% IERRREEEN st systematic

study of rotation
qAEBR of stars in Galaxies
by Vera Rubin,
1970. Result:

M33 rotation curve

Myst of the matter (90%is dark: It does not emt |ight
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The MSSM

Particles in Minimal SUSY

One fermionic /bosonic partner to the SM fermions/bosons

with SM coupling

particle spm [ sparticle ~ spin~ name
I = e, pt, T, L "1/2 "L, L S0 slepton
g — w,d, s, c, b, ¢ 1/2 gre, Gir. O squark
g 1 g 1/2 gluino
~y 1 ;;F 1/2 photino
A+ 1 W=+ 1/2 wino
= 1 =z 1/2 | zino
HY, IS 0 HY, AY 1/2 higgsino
it 0 I 1/2 higgsino

Gauge Figenstates

Mfi.’gi. )
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Fermion Figensitates
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Slide 41T R-parity conserved, LSP is a Dark Matter candidate. RPC results in this t lk__
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What is the reason for the Higgs boson mass?

14or | 1 ] |

maximal
mixing

120

M,=125.5+0.2(stat)"%>(syst) GeV (ATLAS)
M,=125.7+0.3(stat ) +0.3(syst) GeV (CMS)

minimal mixing
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ﬁ There are 5 Higgs bosons in the Minimal Supersymmetric SM, the lightest one is lighter than ~130 GeV
g Its mass related mostly to stop squark mass (Ml, Mr) and mixing Xt i X M

w 11 t top

Golfand, Likhtman, JETP Lett. 1971

Volkov, Akulov, Phys.Lett. B, 1973

Wess, Zumino, Nucl. Phys. B,
Phys. Lett. B, 1974

fermion fermion I n S U SY 5 th e m aSS
correction proportional
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4.60 m
Overall Ie ngth 2l.60m
Magnetic field : 4 Tesla

CT T T T T T 71 L L L -
30 ATLAS Online Luminosity ~ \s=8TeV —
- [ LHC Delivered .
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Day in 2012

DLVI:usng 100914566 / 20T

Jet pT = 168 G¢**
b-tagged jet

Jet pT = 268 GeV

pp-)E—+b

jets
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Jet pT 104 Ge\fk &

Jet pT = 167 GeV
b-tagged jet
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SUPERCONDUCTING COIL

Toroid Magnets ~ Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

ATLAS and CMS each :
20-22/fb at 8 TeV

4.5-5.5/fb at 7 TeV

In this talk primarily 8 TeV
full luminosity results
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SUSY and Standard Model Cross-Sections

Mow 2012 CMS

W H & 7 TeV CMS measurement (stat®s yst)
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number of events

**SEARCH STRATEGY ORIENTED TOWARDS FINAL STATE TOPOLOGIES,
CHARACTERIZED by “object multiplicity” ( ex. 1 lepton, jets, missing transverse energy )
Each topology is interpreted in search for SEVERAL SUSY final states.**

Technology

SUSY final states and search techniques

A gallery of topologies with high-medium transverse momentum ‘“objects’’; leptons (taus),
jets (b-jets), missing transverse energy due to escaping ‘“DM candidate” LSP.

0 5){1 08 CMS preliminary 2012
M [ T T T T I T T T T I T T T T I T T T T I T T T T
12216 at (s=8TeV
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Z—pp

D uncertainties

0 10

Smart and sophisticated kinematic variables aiming at distinguishing between the tails of
he SM distributions and candidates for SUSY events.
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number of vertices

-Excellent reconstruction
of “objects” required,

robust against “pile-up” of

tens of collisions in the
same beam crossing.

EmissjEmiss R
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SUSY search techniques, background control

Excellent control of backgrounds, typically measured in kinematic “Control Regions” (CR) and
propagated to the Signal Regions (SR) with simulations.

Standard Model
Top, multijets

(VAR VAVARVAVAVAN & [Te e[S
& combinations of
these

Reducible Irreducible
backgrounds backgrounds
Determined from data Dominant sources:
Backgrounds and normalize MC in data

methods depend on control regions (CR) Examp
analyses Subdominant sources: MC le

Validation blinded
Validation regions used to

€107dDdd ‘SID Pue SYILV YN sayo1eas XSNS

X N1

Zjets

X NIV +SF

DATA __ MC
CR1I — SF TOP X N1 TOP +SF Wjets Wjets Zjets

ake leptons or
heavy-flavour jets

DATA MC MC MC
Ncry" =SF 10p X N270p +SF Wjets X N2 Wjets T SF Zjets X N2 Zjets

determined with “matrix cross check SM
'sna?::?:s" ,',';,,‘,';":?2!.',5';‘,:2 predictions with data DATA _ G S NME 4+ SF s X N3UC, 4 SF 00 X N3
“fake”-probabilities

measured in data.

blinded Solve for DATA/MC

N Check dependency op—

Nyjeo L Acontrol selection with MC

Charge flip rate measured
in Z events

“ABCD method” (not

nysignal
“Tpred

s Extrapolate to SR
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SUSY final states for results interpretation, examples
e . - -
- il - P>y b>Ivb(I1¥b)(Tvb
Direct stop and sbottom.productlon X ﬁO gopsan)élsbotto
t  with subsequent decays
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Electroweak slepton and

gaugino productions

Gluinos and squarks
might be beyond reach

U

Production of gluinos,
0 lepton chain example

Y Lﬁﬁj q
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A/%ﬁ 3
Gluin I

0S \J;\}lth (b) s |
decays to third family
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Missing transverse energy: vector sum of transverse momenta of all visible

Events / 12 GeV
=

10

Data/MC

5 [i d'e 11 Search for gluino-mediated bottom- and top-squarkproduction in pp collisions at 8 TeV, arXiv:1305.2390
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CMS, L=19.41b" {5 =8 TeV
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SUSY search techniques, kinematic variables, examples

CMS, L = 19. 4fh’1 /s =8TeV

“objects”
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Control Region
QCD multijets

Simulations used to account for the shape difference of backgrounds between CR and SR

ET™ (GeV)
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SUSY search techniques, kinematic variables, examples
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= . :
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gluino production and g E
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— 3
< OFE —3
a oF E

0 500 1000 1500 2000 2500 3000 3500 4000  45C
m.x(incl.) [GeV]
Search for gluino production and decays in final states with no leptons and up to 6 jets.

ATLAS-CONF-2013-035
B Slide 12
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SUSY search techniques, kinematic variables, examples
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SUSY search techniques, kinematic variables, examples
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% Qt is a component of missing transverse momentum maximizing the “lepton, gt” combination giving the
- smallest transverse mass.
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Electroweak slepton&gaugino production,  Direct stop production, two leptons TN

two leptons (€,m0). 11 .45.CONF-2013.049 same flavour  ATLAS-CONF-2013-047 §
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Multijets with Etmiss , no-lepton E
Final selection other than cut on:

El}’liSS / \/FT

Sensitivity less dependent on the
number of jets

Ht = scalar sum of transverse
momenta of selected jets.
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ATLAS-CONF-2013-054
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SUSY search techniques, kinematic variables, examples
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SUSY search techniques, kinematic variables, examples

&
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% Simultaneous shape analysis of Ht, Etmiss and the number of b-jets.
]
% CMS, L=1941b" {5 =8 TeV CMS, L =194 ", {5=8TeV CMS, L=19.4fb" /5 =8TeV
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E } ! ! | | |
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08fF 3 0af asf 3
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l'L']I:rpz'. . Nh-pt". C t 1 R . Nh-|e'.
Signal Region Control Region ontrof Region
W and top production QCD multijets

Simulations used to account for the shape difference of backgrounds between CR and SR

Search for gluino-mediated bottom- and top-squarkproduction in pp collisions at 8 TeV, arXiv:1305.2390 CM S §
Slide 16 P




Technology Anna Lipniacka www.ift.uib.no -

Results, model exclusions

Excluded regions of SUSY parameter space presented typically in:

1) Gluino vs LSP mass planes for different intermediate particles
and different final state topologies
(simplified models with BR and intermediate mass relations fixed)
(Constrained Models)

2) Gluino vs squark mass planes, different final states
(simplified models with BR and LSP mass relation fixed)
(Constrained Models)

€107dDdd ‘SID pue SYILV YNm sayo1eas XSNS

3) Squark, Slepton, Gaugino vs LSP mass plane, different final states
(simplified models with BR and intermediate mass relation fixed)

4) Parameter space of Constrained Models (cMSSM/msugra, cGSMB etc)

In the following a series of excluded regions...

~ CMS, |
W Slide 17 %




€107dDdd ‘SID pue SYILV YNm sayo1eas XSNS

Technology

Results, gluino decays with third family in final states

g — tt X ° (100%)

g — tt X ° (100%)

via off-shell stop
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— m(g) >1100 GeV for m(X °) < 350 GeV

e e w1 = L~
g-g. §— i mitl==mig)
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via on-shell stop, m(X °)=60 GeV
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Results, gluino decays with top in final states

g-g production, g— tt ED

= —|||||||||||||||||||||||||||||||||||||||||||||||||—
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= e -12- - + . —
o LHCP 2013 —— SUS-13-008 3-lep (3l+b) 19.5 fb~'

- — Observed

600

theory

-------- Observed -1 c=YSY - ==

500

400

300 L—
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Results, direct stops and shottoms

Sbottom pair production, 61 — b f{f
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SUSY searches, electroweak production with staus
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SUSY searches, electroweak gaugino production with 3

“classical” 3 leptons final state search interpreted for Chargino-Neutralino production

Anna Lipniacka

www.ift.uib.no -
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Higgs and SUSY

ﬂeﬁ '
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Deps

SUSY, Higgs and Dark Matter
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Dark Matter Search in Monojet Events

(72

% (Applicable to SUSY if only the LSP is kigematically accessible)

% Name Initial state Type Operator

=

(¢}

@» ﬂ‘i. L i

% - 9 o XX jet/photon

E D5 qq vector ﬁ_r XY'xaqvuq

> L]

o D8 qq axial-vector

a

@ - -

E D9 qq tensor ML o' xqouwq

(3 D11 gg scalar 4&—1)2,1/&5(6;?)2

§ DM production at the LHC can be related to DM scattering on protons and to indirect
p gonp

DM detection in an effective theory approach (DM assumed a Dirac Fermion)

WIMP production (LHC) Direct detection (e.g. XENON, CDMS) Indirect detection (e.g. Fermi

el e e
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Dark Matter Search in Monojet Events
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R-parity violation, example search result

-Proton lifetime can be saved if only one of Lepton of Baryon . 1

number violated Wy, = sApLilib + A LQ;D, + 5 4D, Dy,
- neutral LSP can still be a DM candidate if Very Long Lifetime

-Limits on B or L violating couplings from rare decays searches

&
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Dreams: If we observe a “SUSY-like” particle,
what next?

1) Measure spin and decays BRs.

2) Check how Higgs decay BR are affected (third family, inviSiQle)

3) Recalculate relict DM density P

Staus ( but also sbottoms and stops) related to keeping relict DM density
within observed limits via coaanihilation with the LSP

4) Recalculate rare decays ( Buuw)

€107dDdd ‘SID pue SYILV YNm sayo1eas XSNS

5) SUSY mass scale relates to GUT scale,
Gauge couplings unifications!

| § Slide 28



€107dOd4d ‘SIND Pue SYILV YA sayoseas XSS

§ Slide 29

"echnology Anna Lipniacka ww.ift.uib.no -

Summary and Perspective

No discovery yet, but this 1s “consistent” with the relatively heavy
Higgs boson - even in constrained models.

Motivations for SUSY still strong, many analyses in progress to full data sets.

Searches are topology-oriented, very large number of final states analyzed

) '

(Presented limits valid within a specific simplified or constrained model

New window opens in 2015 with 14 TeV collision energy! g .
Preparation of 14 TeV analyses ongoing! |

References:

twiki.cern.ch/twiki/bin/Atlas Public/SupersymmetryPublicResults & [
http://cms.web.cern.ch/news/cms-physics-results
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Results, direct stops and sbottoms, ATLAS summary

1., production

Status: LHCP 2013
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SUSY searches, electroweak production with staus
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Results, gluino decays with bottom in final states

g-g production, g—»bb
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Summary of CMS RPV SUSY Results* LHCP 2013
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Mass relations in MSSM+

R - 3
1]

IS

8.
- el :t'i'.. I

M, ~ 3 M,

M = =~ Ms (gaugino region) Gauge unification

*IULE_ ~ 0.5 M; (gaugino region)

= = 'irn,;:l —+ DTT.&“F’IQ + U-EJHEE:GS{EIS]

I?, = mi +0.77M35 — 0.27M%eos(28)  ||Sfermion unification

12 = mf+0.22M7 — 0.23M2cos(23)

V2~ md + 10M3 + O(MZcos(23)) Gauginos and squarks are related
Can use charginos to set
a limit on squarks and sleptons,
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splitting term
(splitting

Mixing -> mass splitting for and sleptons to set limits on charginos
stop and , sbottom and stau
At - y/tanf, A -b utan A-u tanf

1
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