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A brief introduction to supersymmetry

What is it?

m Generalization of the SM where
force and matter are described by
the same equations!

m Introduces sfermions and gauginos
= doubles SM particle content
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(picture from Don Lincoln's video describing SUSY for the general public)
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SUSY s attractive
m Only possible extension of the
Poincaré algebra
m Alleviates hierarchy problem

m Allows for gauge coupling
unification

m Can provide Dark Matter particle
but. ..

m > 100 free parameters
= wide range of possible
experimental signatures!

So, SUSY is theoretically appealing,
phenomenologically rich, and therefore
experimentally challenging (to exclude)
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http://www.youtube.com/watch?v=0CeLRrBAI60

Overview of SUSY searches with ATLAS and CMS

Selected sparticle mass limits from SUSY searches at the LHC

ATLAS (see summary page) CMS (see summary page)
ATLAS SUSY Searches' - 95% CL Lower Limits PR i) Summary of CMS SUSY Results* in SMS framework EPSHEP 2013
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Summary of CMS RPV SUSY Results* EPSHEP 2013
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m Large fraction of experimental
programs devoted to SUSY searches s

qaw

m Limits summary: ~60 papers/notes

m Here four recent and diverse results e E=7Tevl
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m See E. Halkiadakis' summary!
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/pub/AtlasPublic/CombinedSummaryPlots/AtlasSearchesSUSY_EPS2013.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/pub/CMSPublic/SUSYSMSSummaryPlots8TeV/barplot_blue_orange_EPSHEP2013.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/SUSYSMSSummaryPlots8TeV/RPVbarplot_blue_orange_EPSHEP2013.pdf

Searches for direct £ pair production in 1-lepton channel with CMS
Natural SUSY and direct ¢ pair production at the LHC

Experimental signature & motivation

Increasing luminosity = from broad and Experimental signature of direct
inclusive searches to dedicated ones top-squark pair production:
targeting specific processes/scenarlos, m Looks like ¢ with higher ErTniss

development fueled by “natural” SUSY: = tf main background
t
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GEMIR TSV AE SN Searches for direct £ pair production in 1-lepton channel with CMS

Direct ¢ pair production in 1-lepton channel with CMS

Event selection and example signal region distributions (arXiv:1308.1586, submitted to EPJC)

Event selection
Pre-selection
m Single-lepton trigger
m Exactly one isolated lepton

me:pr > 30 GeV,|n| < 1.44
mucpr > 25 GeV,|n| < 2.1

m Jets:

m > 4 jets with pr > 30 GeV and
In| < 2.4
m including at least one b-tagged

m EIiss > 100 GeV
Signal regions
m Mt > 120 GeV

m Several regions defined using cuts
on kinematic variables, or BDT
discriminants
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Similar ATLAS results in ATLAS-CONF-2013-037
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http://arxiv.org/abs/1308.1586
https://cds.cern.ch/record/1532431

GEMERT WSS BTSN Searches for direct # pair production in 1-lepton channel with CMS

Search for direct t pair production in 1-lepton channel
Exclusion limits (arXiv:1308.1586)
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B Main results from BDT analysis, cut-based analysis with similar results also public
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Similar ATLAS results in ATLAS-CONF-2013-037
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http://arxiv.org/abs/1308.1586
https://cds.cern.ch/record/1532431

GESTERIE RS UV EEETEEE SUSY in final states with at least three b-jets with ATLAS

SUSY in final states with at least three b-jets

Experimental signature & motivation

Final states with many third
generation quarks can also be
g-mediated:

g-mediated b:
m other ¢ heavier than g =
BR(g — bb) = 100%
= BR(b — bX") = 100%
g-mediated ¢:
m other ¢ heavier than g =
BR(§ — #t) = 100%
m BR(f = bX") = 100% (my+ = 2myo0), or
BR(i — tX") = 100%
“Gbb" (“Gtt"):
= BR(j — bbX") = 100%, via virtual b
(similar for Gtt)

m Yields signature with four b-quarks, two X"
(+ leptons, additional jets)

C. Ohm (CERN)
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SUSY in final states with at least three b-jets with ATLAS
SUSY in final states with at least three b-jets with ATLAS

Event selection and example signal region distributions (ATLAS-CONF-2013-061, June 25)
Event selection

i . Jincl )
m EMSS-based trigger, Mg in 0
offline EF'*% > 150 GeV > f T Ty
15} [ ATLAS Preliminary ® Datazo12 ]
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CMS results targeting similar scenarios in (m ZPT + E )

1305.2390, PAS-SUS-13-008, , PAS-SUS-13-007, ...
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http://cds.cern.ch/record/1557778/
http://arxiv.org/abs/1305.2390
http://cds.cern.ch/record/1547560
http://cds.cern.ch/record/1523786

SUSY in final states with at least three b-jets with ATLAS
SUSY in final states with at least three b-jets with ATLAS

G4 production, b, b+ L™=20.1 o™, 5=8 TeV G4 production, T, — b+7, 7 — W47 L™ =201 fb”, V5=8 TeV
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http://cds.cern.ch/record/1557778/
http://arxiv.org/abs/1305.2390
http://cds.cern.ch/record/1547560
http://cds.cern.ch/record/1523786

GO RIS AN Search for electroweak production of X, X~ and £ with CMS

Electroweak production of X", X" and ¢ production

Experimental signature

Direct production of “ewkinos” (Z, Ve

and X”) - does not depend on m; and m;

m Many variations in signal models: handedness of leptons (coupling to o), m;,
lepton flavor assumptions ( “democratic”, 7-enriched or T-dominated)

m Final state: > 2¢ 4+ EX' (same-sign and opposite-sign configurations)
m Backgrounds: tt, WZ, fake and non-prompt ¢ (¢t , Z+jets, WW +jets)
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Search for electroweak production of ii, )2“ and £ with CMS
<t 0 ~ ) .
Search for electroweak X, X~ and /¢ production with CMS

Event pre-selection and outline of example signal regions (CMS-PAS-SUS-13-006, July 19)

Common event and object selection
m Di-lepton trigger
m Well-identified and isolated leptons
m Substantial ERiss
m b-jet veto
3-lepton search:

m 3 leptons: e/p with pr > 10 GeV,
had. 7 with pp > 20 GeV

4-lepton search:

m Leptons as above (at most one
hadronic 7)

m Require one eTe™ or uT ™ pair
with |mg — mz| < 15 GeV

ATLAS: ATLAS-CONF-2013-049, ATLAS-CONF-2013-028,
ATLAS-CONF-2013-035, ATLAS-CONF-2013-036

C. Ohm (CERN)
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Two same-sign leptons
m Targets X X" production where one
lepton is missed (compressed
spectrum)
m SRs divided by ERSS, e
m Veto OSSF pairs with
|mu — mZ| < 15 GeV
(ttZ and WZ)
OSSF pair + two jets
m Targets processes with on-shell
Z — L0 another W/Z decaying
hadronically

= >100 mutually exclusive signal
regions!
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http://cds.cern.ch/record/1563142?ln=en
http://cds.cern.ch/record/1547565
http://cds.cern.ch/record/1525889
http://cds.cern.ch/record/1532426
http://cds.cern.ch/record/1532429

IR U A S Search for electroweak production of X, X and £ with CMS

0 ~ . .
Search for electroweak X, X~ and /¢ production with CMS
Example distributions in SR (CMS-PAS-SUS-13-006)

E,‘Fiss in 3¢ (eieiu and eiﬂiu) McT 1 in non-resonant 2/ (OSSF)
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http://cds.cern.ch/record/1563142?ln=en
http://cds.cern.ch/record/1547565
http://cds.cern.ch/record/1525889
http://cds.cern.ch/record/1532426
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http://arxiv.org/abs/0910.1584

Search for electroweak production of X, X" and £ with CMS
~+ =0 ~ . .
Search for electroweak X, X~ and /¢ production with CMS
Example exclusion limits (CMS-PAS-SUS-13-006)

m Results benefit greatly from combining several channels
m Both generic (left) and model-specific (right) limits
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SRSV A Search for nearly mass-degenerate X and X~ with ATLAS

Compressed spectrum: nearly mass-degenerate X" and X’

Phenomenology

Motivation

m E.g. Anomaly-Mediated
Supersymmetry Breaking (AMSB),
hep-ph/9810442, hep-th/9810155

m Generally: models with Higgsino- or
Wino-like X9 /X9
Signature
m Typically: m+ —mygp ~ 160 MeV
= CTgx ~ 10 cm, i.e. measurable
in collider experiment!

[ ] >21—> >~(0 + 7%, where
pr ~ 100 MeV

m Disappearing-track signature!
m Exploit QCD ISR jets for triggering
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http://arxiv.org/abs/hep-ph/9810442
http://arxiv.org/abs/hep-th/9810155

Search for nearly mass-degenerate X and X~ with ATLAS
ot =0 .
Search for nearly mass-degenerate X~ and X~ with ATLAS

Event selection & disappearing-track reconstruction (ATLAS-CONF-2013-069, July 16)

Event selection Selection of disappearing-track
m Topological jet+EX trigger candidates
m Eis > 90 GeV and > 1 jet with m Extended track reconstruction for
pr > 90 GeV long-lived X*

m Lepton (e/p) veto (W/Z+jets, tf) m Start from pixel-only tracks
m Good fit quality, no shared or

Backgrounds missing hits
m Primarily W+jets with naturally m Well-isolated
high Eipiss
D7 > 15 GeV
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http://cds.cern.ch/record/1562896

Search for nearly mass-degenerate X and X~ with ATLAS
ot =0 .
Search for nearly mass-degenerate X~ and X~ with ATLAS

Example distributions (ATLAS-CONF-2013-069)
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------ SM MC predictiort
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Signal regions: pt > 75,100, 150,200 GeV
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SRSV A Search for nearly mass-degenerate X and X~ with ATLAS

Search for nearly mass-degenerate X" and X” with ATLAS

Exclusion limits (ATLAS-CONF-2013-069)

Exclusions in Mg £-Tg+ Space Exclusions in mii-Amii space

det=2o.3vb",|l§=a'rev tanp =51 >0 del 20307, Vs =8TeV tanp =5, >0
'g' 2 >3 200 RES U Observed 96% CL limit (=10,,,,)
= 10 % E: Expected 95% CL limit (+10,,,)
¢ =_ ATLAS (15 =7 TeV, 47 fb", EW prod.)
g~ 190 [ LEP2 exclusion
S Theory (Phys.Lett.B721 (2013) 252-260)
Tz Stable’
180 ATLAS Preliminary —
1 A
ATLAS Preliminary ]
Observed 95% CL lmit (+10,,,) —
107 - Expected 95% CL limit (=10,,,) ]
ATLAS (5 =7 TeV, 4.7 fb”, EW prod.) ]
I LEP2 exclusion
Lol | ZZZ St

100 150 200 250 300 350 400 450 500 550 600

] ) 5 6
m. [GeV] m_. [GeV.

B Excludes up to mot R 500 GeV for 0.1 ns < Tk < 10 ns
B Limits from previous ATLAS analysis (4.7fb~1 at 7 TeV) extended considerably
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Summary

m Supersymmetry is an attractive extension of the Standard Model
m The LHC and the ATLAS and CMS detectors have been operated very
successfully in Run | and have provided around ~20 fb~! of 8 TeV of
excellent data per experiment (and ~ 5 fb~! at 7 TeV)
m Four recent signature-driven searches at the LHC were summarized:
m Direct top squark pair-production in one-lepton channel in CMS:
arXiv:1308.1586
m Searches for strong production of sparticles in final states with at least three
b-jets in ATLAS: ATLAS-CONF-2013-061
m Search for electroweak production of >~<i, )NCO, and ¢ using leptonic final states
in CMS: CMS-PAS-SUS-13-006
® Search for X* nearly mass-degenerate with the lightest X” based on a
disappearing-track signature in ATLAS: ATLAS-CONF-2013-069

(far from a complete summary - see ATLAS and CMS public results for more!)
= no sign of SUSY = exclusion limits!

m ...but SUSY is hard to killl Many places left to hide in = hunt will continue
at the LHC in Run Il at higher /s and luminosities!
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Back-up slides
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Summary plots for g-mediated ¢ production

ATLAS CMS
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Summary plots for direct ¢ pair-production

ATLAS CMS
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: . ~+ <0 :
Examples of ATLAS exclusions for direct X~ /X" production

Difficult heavy-/ scenario  Only 7 is light (&, i heavy) All 7 heavy
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Back-ups

The ATLAS detector

Muon Detectors Electromagnetic Calorimeters

Detector characteristics
Width: 44m
Diameter: 22m
Weight: 7000t

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter Pixel (100x150 pm) ~16m* ~66M channels
Overall length Microstrips (80x180 um) ~200m? ~9.6M channels
Magnetic field

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PEWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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