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> Supersymmetry
What and why?

» Searching for Supersymmetry at the LHC

Brief intro to LHC and the ATLAS experiment
and how we search for Supersymmetry there

» Status of Run-1 Supersymmetry searches

Where did we look? What did we find?
Will focus mostly on some of the latest results

> Qutlook for upcoming data-taking
What can we expect for 2015 and beyond



Supersymmetry




Pre-LHC:
Is the Higgs Mechanism
esponsible for masses?

Forces




2013 NOBEL PRIZE IN PHYSICS
Francois Englert
Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to
Francois Englert and Peter W. Higgs

"for the theoretical discovery of a mechanism that contributes
to our understanding of the origin of mass of subatomic
particles, and which recently was confirmed through the
discovery of the predicted fundamental particle, by the ATLAS
and CMS experiments at CERN's Large Hadron Collider”




Post-LHC run 1:
Is it the Standard Model

H%@oson?

~ Forces




Post-LHC run 1:
Is it the Standard Model

H%@oson?

~ Forces

Is there more than this?




Dark Matter

Strong evidence in astrophysics for presence of dark matter
Galaxy rotational curves

. rotational velocity
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Dark Matter

Strong evidence in astrophysics for presence of dark matter
Galaxy rotational curves Gravitational lensing

. rotational velocity
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Combined cosmological fit
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From Planck Collaboration



Possible Sources of Dark Matter

Ordinary non-luminous matter?
> Alot of the 5% ordinary matter is not
luminous, but present in form of gas etc.

»> Cannot account for non-baryonic DM Neutrinos?
o _ »> Can only have small contribution due
Modifying gravity to large-scale structure formation

> Very difficult to explain all the
different measurements

Axions?

» Particle resulting from the Peccei-Quinn
solution to the strong CP problem

» O(keV) mass — good DM candidate

WIMPs?
> Weakly Interacting Massive Other exotic particles
Particle > Many other options
» EW-scale (100-1000 GeV) gives have been proposed

right DM density
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Supersymmetry

Supersymmetry (SUSY) is a favored source for WIMP
> New symmetry between bosons and fermions

o For every SM particle, introduces partner with Aspin=7~

Standard particles SUSY particles

Higgs Higgsino

Quarks ‘ Leptons

. Force particles Squarks 0 Sleptons o SUSY force

particles




Supersymmetry

Supersymmetry must be broken symmetry

> If unbroken, would have same mass as SM particles

> Introduce soft breaking terms

> In minimal supersymmetry (MSSM)
this introduces 124 new parameters

R-parity
»> MSSM introduces baryon and

lepton number violating processes ‘f>
> Protect against proton decays by " | * o
introducing new discrete symmetry

R=(-1)%»"B* = 4+1 (-1) for SM (SUSY) particles

> Implies SUSY particles always produced in pairs
» Lightest SUSY particle (LSP) has to be stable

This Is an excellent Dark Matter candidate




Supersymmetry Motivation

Dark matter is not the original or only motivation for SUSY
Also provides solutions to several particle theory issues

Hierarchy Problem

> Very large loop corrections to Higgs mass in any SM extension

E_Q_".

- New physics
f cut-off

: Ael? ..
Am¥ = _|8"j;|2 Ay +....




Supersymmetry Motivation

Dark matter is not the original or only motivation for SUSY
Also provides solutions to several particle theory issues

Hierarchy Problem

> Very large loop corrections to Higgs mass in any SM extension
» SUSY can stabilize Higgs boson mass without
extreme fine-tuning

f S
- N
H H (/ \
—— - SUSY l
B /
- New physics
f cut-off
Amé = — |;f|2 Ay + ... Opposite sign contribution
T

Requires SUSY particles not to be much heavier, O(TeV),
than the Standard Model particles



Natural SUSY

Not all SUSY particles need to be light
Focus on the ones that have to be light ("Natural SUSY?”)

L. Hall, LBNL workshop, Oct 2011 Only |ight stop

A ﬂ\/atura[ S PQCH’UT}L needed to regularize

General “bottom- up " viewpoint | Ilght nggs boson
™ ed-- 12 bg f

“Distant H H
| Tev _| ~ Cousins” == =
The “Nuclear Family T =
of the Higgs f
The gluino should not
500 GeV_| 2 be too heavy either
b ‘_
0 o (=) .
TR L Much attention has
B ‘ (=)75 been devoted to the
search for these in the

«<—— Closeness to Higgs

LHC searches
Light higgsinos as y~m,, at tree level



Supersymmetry Motivation

Gauge-coupling Unification

» Couplings run in SM, but do not quite meet as one would
expect in a Grand Unified Theory (GUT)
» SUSY changes running of couplings to allow unification
of couplings at GUT scale
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Searching for
Supersymmetry
at the LHC




Large Hadron Collider







The ATLAS Experiment

Calorimeter
2 LAr (EM calorimeter)

Inner Detector ik O Tile (Fe/Scintillator tile)

O Pixel (pixel detector) s
0 SCT (silicon strip detector)
O TRT (transition radiation tracker)

7 Te\/ prOtOn 25m
N,

\ W Tile calorimeters
. . LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

‘“/ 1oroid mc:gnefs

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
Muon Spectrometer Magnet System
2 MDT,CSC (precise momentum measurement) 2 2 T solenoid

2 RPC,TGC (trigger chambers) 9 0.5 T toroid




Luminosity

Critical LHC parameter is delivered luminosity:
Rate = Cross-section x Efficiency x Luminosity

Al L | | | | | | | _

Excellent LHC o 35 ATLAS Online Luminosity E
performance: 2 a0F = 2010pp\E=7Tev E
» Peak luminosity of © ~ f =—2011pp\s=7TeV .
7 7x1033 cm2s- E 252_ = 2012 pp Vs = 8 TeV E

» Big jumps in 3 .
integrated luminosity: © 20 -
2010: 0.048 fb S r .
2011: 5.6 fb-! e 150 E
2012: 23.3 fb" JoF- -
(also increase in - .
energy from 7 to 8 TeV) 51 —]

> Full sample is S .

“ 17 0
called "Run-1 s W\ oct

Month in Year
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LHC — A Paper Factory

~400 papers for the first 3 years of data-taking
In addition more than 600 preliminary results

ATLAS Submitted Papers

i g i : : 57 ATLAS Total: 395

350} : : : : on SUSY: 74

300} : E i E | CMS Total: 378
| | . : on SUSY: 48
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Searching for SUSY at the LHC

Example SUSY spectrum

Wide ranging searches for SUSY *[ pointsus

» Many different SUSY models [
with different masses and decays 600

> Requires to look for many !

act

R
1
+
A

7
q
b,
7

7|
P
r
-
-

. X i
different signatures 2 XS
. QO 400 -
» Always pair produced and S
typically more energetic than SM [ .z ==
. . R = X2 X4
with multiple decay products 2000 - o -
. . L h Z
A typical SUSY decay chain: :
. 0 L T RV R | P
Leptons =i J=1/2

Key signature for all SUSY

e/ ¢
2 ‘E“~< m
Missin odels with a stable LSP
X3 J (i.e. Dark Matter candidate)
energy




SUSY Analysis and Backgrounds

Typical ATLAS supersymmetry search:

» Count events that has a characteristic SUSY signature
and is unlikely to be due to Standard Model processes
— More than ... jets and/or leptons
— Measured energy above ... GeV
— Missing transverse energy above ... GeV

y ,.é.\.re there more events than expected from the Standard Model?

10° e " e Data2010 N5 =7 TeV) |
e Data 2010 \s ='7 TeV)

Expectations for | arlas | “EEERETT 1 Critical to have
different SM - B Weets i . :
backgrounds 'O F Ldt~35pp" M Zejels = solid understandin
9 > N Eginglewp -
8 ol b ]y SRR o, oo of SM backgrounds
E - tlepton:e. ity vectatjon from
g 4l / a signal imodel
£ - S ]
10k ' B i
iﬁrifzﬂ' f G

0 200 400 600 800 1000 1200 1400
my, [GeV] M ~E . ™+pr(f)+X p.(jet)



Estimating Backgrounds “

Each analysis typically has multiple source of backgrounds
Estimation of each depends on the nature of the background

Standard Model

False signal events due to Top, multijets SM events with same
e.g. fake Et™** or fake leptons V, VWV, VWV, Higgs final state as the signal events

\ & combinations of these /

Combined fit of Reducible backgrounds Irreducible backgrounds

all regions and : . . .
Backurounicis and Determined from data Dominant sources: normalise

incl. systematic Backgrounds and methods MC in data control regions
exp. and theor. depend on analyses Subdominant sources: MC

uncertainties as
nuisance
parameters

Validation blinded

Validation regions used to

cross check SM predictions
with data

. . blinded
Signal regions




Reducible Background — Example

Jet mis-measurement can give large fake Eg™s*
Makes Et™*s-less multi-jet or Z—ll events look like signal

Jet-smearing method

» Jet-response function derived
from MC and adjusted to match data
In di-jet and three-jet events

» Select low ET™ss events in data and

smear the jets with a response function

¥ - -h‘--"‘*
L. e
Il'l [ "'f
| | 1 |
‘\"' ."'rl II."\ .-“:‘
\ ",.)"I LY ry
\ Smearing\\ﬂ_ﬂ__ /

» Provides good estimate of fake E1™ss
background as seen in control-region

Events / 0.05 / 23.8pb™

Events / 100 GeV

Data/Bkg

e
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L ATLAS —— Dijet balance (data) i

e Dijet balance (estimate)

F N e Measured response tail 3
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Irreducible Backgrounds

SM backgrounds with real Ex™ss Signal
such as Z—vv and W—lv 4~ region
Rely (partly) on simulation SUSY
J S_maII contribu_tions t_aken Control -
directly from simulation region e Ay Extrapolate

> Larger one normalized to | with simulation
data in signal free region >

ans extrapolated to signal region
7\.—1'._11-1’0

N;?R _ %fic (Nédﬁa.m . Z j\,—égc) _ .T(j\;écji%am » Z ﬂ,—égc)
g 5 j=process 1=pProcess
Minimize uncertainty on background systematic
» Systematic uncertainty on extrapolation
factor from both theory (modelling) and
experimental effects (efficiencies, etc.) statistics ™
> In some cases can derive extrapolation O signal
factor from data or at least correct contamination
using data to reduce Systematic uncertainty Closeness to signal region

>

uncertainty




Background Validation

Validate background predictions

with dedicated validation regions § =

o Extrapolate to regions close to ¢

signal region, but signal depleted
o |f prediction matches the data

have confidence in extrapolation
ATLAS fL dt=20.3fb", 1s=8TeV

2t

VRZ VRW VRWv VRWt VRT VRTv VRTt VRQa VRQb

[ T T I T | T T T T | T T T T | T T T T I T T T T ]

[~ ATLAS ]

~ SR (single-bin) ]
250 :— & (m_. > 1400 GeV) _:
Z o ]
200 - .
- SR (binned) 7
150 :_ .................................... L.E
100F- CR VRE{" =
50— —]
u m,; > 800 GeV ]

- Multiljet contr<|)I region ﬂno m_ cult) | | .

00 100 200 300 400 500 600 700

5-jet CR/VR/SR

EMs* [GeV]

Can get complicated
© 9 validation regions for

< each of the 15 signal

regions in “0-lepton” search
o Deviation from prediction

13 ”

shown in “o



LHC Supersymmetry
Search Results



Short Version




Did We Really Look Everywhere? “
| -

— ‘) -



LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

10 EI | L

G, [pbl: pp — SUSY ]

tot

VS =8TeV _|

| | | - | | — | |
200 400 600 800 1000 1200

1400 1600
maverage [GeV]




LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

O ETYTT 13 Production of squarks/gluinos:

SulPlpp=SUSY 4 o Strong coupling gives large
w=8Tv__y  sensitivity at the LHC
1 © Primary signature is

jets and missing energy

P a,d,3,¢ p p q

| | | - | |
200 400 600 800

| 1| |
1000

| | | | [ —
1200 1400 1600

maverage [GeV]




LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

10 T3 Production of squarks/gluinos:
GulpPlipp = SUSY 9 Strong coupling gives large
w=8Tv__y  sensitivity at the LHC
1 © Primary signature is
jets and missing energy

w00 1s0cProd. of 3™ generation squarks:
mea © Lower cross section,
» Decays chains frequently has

top and bottom quarks
> Of great interest to “Natural SUSY”

t p

-
- >
- -
- -
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~ ~
~ ~
~ ~
~ ~
~ ~

10 |||||||||| ||| |||
200 400 600 800 000




LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

T 11 Production of squarks/gluinos:
GulpPlipp = SUSY 9 Strong coupling gives large
w=8Tv__y  sensitivity at the LHC
1 © Primary signature is
jets and missing energy

0b Y w0 oo e o son2r0d. of 3" generation squarks:
Electro wproductloN > Lower cross section,
» Slepton, neutralino and charginos® Decays chains frequently has

» Detectable mostly through top and bottom quarks
Ieptonlc decays > Of great interest to “Natural SUSY”

- - P
- - .
- ,/ Pt
- - -
~ ~ ~
T Y S
~ ~ ~
o ~

P P f P b



LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

Ve TN T Production of squarks/gluinos:

L L L L=
GulpPlipp = SUSY 9 Strong coupling gives large
w=8Tv__y  sensitivity at the LHC
] rimary signature is
7 s 2nd missing energy
7 P q

Most searches assume
decay chain to stable LSP
giving rise to missing energ

e

3|

0 \ N\ Y, Not present in all SUSY models " Ks:
200 wadQ_ 609 800 000 | —requires dedicated searches eration squarks.

Electro-weak productior, o cover this ection,
» Slepton, neutralino and chargil iins frequently has

> Detectable mostly through top ana wottom quarks
leptonic decays > Of great interest to “Natural SUSY”

p>" | p>< ) | M > | > |
~§F p R /




LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

RPN 13 | Production of squarks/gluinos:

SulPlpp = SUSY 4| o Strong coupling gives large
w=8Tev gt sensitivity at the LHC
1 | © Primary signature is
jets and missing energy

P a,d,3,¢ p p q

| | | - | |
200 400 600 800

| 1| |
1000

| | | | [ —
1200 1400 1600

maverage [GeV]




Events / 100 GeV

Data/MC

10°E

102

10

N

o

Inclusive 0-Lepton Analysis

Work-horse for searches
for squarks/gluinos

jet& ik
X1

miss
ET
Fd

é:jer

10%E

ts

J.L dt=203 1"
® Data2012 (\s=8TeV)
= —— SM Total _
, - - - 33 m(&=475,m(z2)=425
== gq m(g)=1000,m(x°)=100
Multi-jets
I Wijets
C tt(+X) & single top
- Hl z+e
; I Diboson

— [ miss#
meff ET i;

-
[LINGINES
L LLLL L

o
l

mgg(incl.) [GeV]

Inclusive selection

» Between 2-6 jets with p.>60 GeV

o Ao(j,E;™*)>0.4(0.2 for i>3)

» No leptons with p.>10 GeV

» Large E;™*wrtm_. (>0.15-0.4)

» Signal region split by #jets and m__
with two SRs dedicated to W—jets

Number of events

X p;(et)

Data/Bkg

10

10*

10°

10°

—_
o

—_

0000 ——taa
ohvrO® NP O®
=

Background and data yields in 15 SRs

5

ATLAS jL dt=20.3 10", \s=8TeV RepvE
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Multijets

 Wijets
Top

Il Z+jets

—
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SN R N
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Signal Region



Inclusive 0-Lepton Analysis

Work-horse for searches Inclusive selection
for squarks/gluinos » Between 2-6 jets with p->60 GeV

, Emiss .

jet ,& P > A(j, E,m*)>0.4(0.2 for i>3)

i ) » No leptons with p_>10 GeV

» Large E;™*wrtm_. (>0.15-0.4)

» Signal region split by #jets and m__

with two SRs dedicated to W—jets

3 Background and data yields in 15 SRs
g e % 105? BERENE _1I N I. Datla 2o1|2 _§
% i No excess - - ATLAS JL dt=20.3fb , \s=8TeV §§?§E}§§| é
g of events ) E
e observed E
R :

—_

____________________________ z 8 . \
% St g \ \“““‘\\E\h\\\\\\mm&\
S T 82 |

500 1000 1500 2000 2500 3000 3500 4000 ar 2m o2t 2W 3 4l 4l 4m o4t 4W 5 6l Gm 6t Bt

mgg(incl.) [GeV] Signal Region



m,, [GeV]

Inclusive O-Lepton Analysis Results

With no signals observed, proceed to set limits on SUSY models

Limit setting procedure
» For each SUSY model calculate expected number

of events in each signal region and any leakage to control regions
» Obtain p, from simultaneous fit to the signal and control regions

> Limit quoted from best expected signal region
» Typically do this in scan over several SUSY model parameters

Limits on mSUGRA parameters Limits on squark/gluino masses

MSUGRA/CMSSM: tanf = 30, A = -2m, u>o MSUGRA/CMSSM: tanf = 30, A = -2m;, 10
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E [ a i\ -l ‘ ] 34000 — X —
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m,, [GeV]

Inclusive O-Lepton Analysis Results

With no signals observed, proceed to set limits on SUSY models

Limit setting procedure

o For ea
of ever SUSY is not asingle [€910NS
» Obtain model but a very large }gIONS
. theorstical framework
o Limit q
> Typica aters
Limits on n Dirac asses

‘\ T l T T T T T
900 [ \el .
: TN 20.3 o™, Vs=8 Tell
800 L/ ' .
- \* , 2-6jets
700 | 3 scted limit (+1 6,,,) _:
wies srved limit (+1 6 0" 5
600 2\ LSP ]
. s mSUGRA ]
400 | N T g ibed : ]
AL N ! . i ! [ 4 ! ] ! ! ! ! ]
AR R T AT AT AN A AV I BT
2000 3000 4000 5000 6000 800 1000 1200 1400 1600 1800 2000 2200

gauginos

mSUGRA/CMSSM: tanf =

m, [GeV] Gluino mass [GeV]



Simplified Model Limits

Present results in form of simplified models

Simplified Models ~ goomye "
> 1 production channel '\ 1 <L __
> 1 decay channel >}

(BF=100%) i* Xi
> Minimal amount of parpameters .
> Assume SUSY production o,

but can reinterpret broader

qq productlon aq— q x

-

-~

q

-~

L}

m2 [GeV]

LT | LI T | L | LU | L L I L I L I L=
700 A TLAS s Observed limit (41 GSUS\;) ]
: p ==== Expected limit (+1c,,) ]
600 —,[ Ldt=20.3fb, Is=8TeV \ Observed limit (4.7 b 7 TeV-):
- 0 leptons, 2-6 jets B Expected limit (4.7 b, 7 TeV) T
500 JHEP09(2014)176
400
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100 =73
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http://link.springer.com/article/10.1007/JHEP09%282014%29176

Simplified Model Limits

Present results in form of simplified models
Simplified Models

m2 [GeV]

» 1 production channel

_J

. p
» Minimal amount of parameter

1 decay channel
(BF=100%)

Direct squark

> Assume SUSY production o,
but can reinterpret broader
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— ATLAS
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— 0 leptons, 2-6 jets
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One-step squark

q
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http://link.springer.com/article/10.1007/JHEP09%282014%29176
http://link.springer.com/article/10.1007/JHEP09%282014%29176

*’ Inclusive 1/2-Lepton Analysis

Longer decay chains gives '\ 4 %

> JA e e B B L B e
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- C 1 wms Standard Model _
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y . = g w w c 00 Dibosons ]
» 1 or 2 leptons with p.>6 GeV, split in d 40 /%% -~ J— 0 tetep @, 7 e ]
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w' Scalar Charm Search

qq production; g— q x

Much weaker squark limit if only & wofamas = | oy
one light light-flavor squark (1/8c)  *° o e e R
500 F- JHEP09(2014)176 3

» Cannot have any light-flavor
squark on its own as it would
violate flavor-physics constraints

> However, scharm is not significantly
constrained from flavor physics

lllllllllllllllllllllll

Q. 300 400 500 g0 700 800 900 1000 1100

and could be lighter than others (e
. New, dedicated scharm search
p > Search for direct decay to charm
¢ % » Signal is two high-p.. charm jets,

high E.™** and no leptons

: ‘t" %t » Use dedicated charm-tagger
P for jets to suppress other jet types


http://link.springer.com/article/10.1007/JHEP09%282014%29176

*’ Scalar Charm Search

> Kinematic selection using s00, DTt 8", EcX , single E state
contransverse mass m_. 3 [ = ObsevedLimit (+1035)) s
: O, [ ---- Expected Limit(+105¥)  &°
and charm pair mass m_ =400l s oLz des ) :
mio(it,j2) = [Era+ Eral® —[pra—prol® & | Monojet & :

max __ mz(e)—mz(f&?) ATLAS

Mo = m(¢) [ arXiv:1501.01325

i L |
Er =/ p?r + m? 300 Vs =8TeV,203 b« i

200 _

> 102 E '
s ATLAS —-mg = 400 200 GeV . Data L
0] Vs=8TeV, 203" - m;z = 550,50 Gev LJZ+jets 100 _

CIW + jets -
Q ¢ — arXiv:1501.01325 [ Top
~ 10 ¢ ¢ - Eother | ' \:
‘.g + +_+_ --+-'[ MCT endeInt 0_ L1 P I T N T [N NN TR T S NN N URD AT T S A (T I 1 |::-| |
g) T 4{ ‘+‘ *1 depends on m- 0 100 200 300 400 500 600
i | : m, [GeV]

I

-—
T

10 ~100 GeV improvement in
319 sensitivity w.r.t. inclusive search
S 0.5

0.0
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Limits on Gluino Production

Even stronger limits on gluinos

m2 [GeV]

> Several quarks(=jets) in each decay
o Inclusive O-lepton analysis sensitive
up to 1.3 TeV for direct gluino decays

~~ . ~ ~0
gg production; g— g q X,
T

[ T T | T T | T T T I T T T | T T T I T T T | T ]

1400 n ATLAS s Observed limit (£1 6312:;) -
B 4 ==== Expected limit (+1o,,,) 7]

1200 —j Ldt=203fb, s=8TeV Observed limit (4.7 fo™!, 7 Te\W—|
| Oleptons, 2-6jets ~ aaea.. Expected limit (4.7 fo™!, 7 TeV)

1000 — JHEPO09(2014)176  —]
800 |- —
600 [— —— -
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200 o
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Limits on Gluino Production

Even stronger limits on gluinos

> Several quarks(=jets) in each decay
o Inclusive O-lepton analysis sensitive
up to 1.3 TeV for direct gluino decays

> For one-step decay, good

complementarity with 1-lepton analysis

O-lepton analysis
Simplified model, §§ — qagd 7% — 4a6d W'W* 7%

2 1200 [+ Observed limit (4.7 b, 7 Tev) ATLAS .
S, [ = Observed limit (+163°5) . i
g?{ - - -~ Expected limit (+1 o,,,) J Ldt=203fb, 1s=8TeV|
1000 [in ()= (m() + m@y2 0-lepton, 2-6 jets —_
- JHEP09(2014)176 i
800 - —
600 |- -
400 - M\ -
L i \2 i
— . \‘-':- —
20047 0
0 NF’F AN AT T [ T O i B Fll L1 MI [ 1 i

200 400 600 800 1000 1200 1400 1600

m; [GeV]

1-lepton analysis

3-3 —qagaWWX X, x = Am(L. X,/ AM@E,) = 1/2

__I I I | I I 1 | I I 1 | I I 1 (l, I I 1 I I I I __
=== Observed limit (16, 5) ~ ATLAS 3
— === Expected limit (£16,;) D Combination —
| 6\\*“:\, ) ]
— === Hard 1-lepton obs./exp. @L /s=8 TeV, 20 fb™ -
- - Soft Tlepton obs./exp. & arXiv:1501.03555 3
— PRD 86 (2012) 092002 -~ ... —
E_ Al limits at 95% CL B N _E
:I 1 1 1 I:; 1 I 1 :
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Events / 50 GeV

Limits on Gluino Production

Many more decays possible for gluinos b w,
Decays through stop P W
v |f scalar top lighter than other squarks, &

gluinos will decay to multiple top quarks < .
> Provides a very rich final state: ] V>[</1

4-bjets, up to 4 leptons, up to 12 jets p .

» Many SUSY searches sensitive to this channel W
> Best limit from a search for 3-bjets: S
Gluino heavier than ~1.4 TeV s 1000g_?f’fjﬁ!;”:?735"r’|m<“;j>c”fjg;t“fﬂv
E.™ in 3-bjet seach \fx* Prefiminary | omames SRTSIaE10RE Ler20on]
SRoTB L‘_I2O1fb \s =8 TeV E i _7: xpected ou_pt_ >3bjets (L, =201

16-ATLAS o Data2012 - 800 |- Brpeced 2353 lspogs 0->9bits L, - 2031

Z $444: SM total ] )

14 - [ Reducible bkg (MM)

12 (] tt+b/bb (MC) 7

- [ fi+z/h (MC) ] 600

10~ —— Gitt: mym, = 1100,100 GeV —

0 | e Gbb: m_m , = 1100,100 Ge v_:

:é JHEP1OX(2014)024 _E 400

4 -

...... . 200
oF ..t =

( i 1 """""" 1 ’y“u e ﬁ lllllllll ]
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*’Search for Di-lepton

Many more decays possible for gluinos

Search for decays through Z—ll:
» Select di-leptons with |m -m_|<10 GeV

» At least two jets (p,>35 GeV)

Final-state

o E ms>225 GeV g .
> tt background estimated from data §
using eu events

Cross check in [m -m_|>10 GeV sideband
» Z+fake MET from jet smearing method ¥

s =8 TeV, 20.3 fb™’
VRZ ee

A ¢ (et, L, ET™%) > 0.4

o Lo | I | e P | Ml nr Lo e

%44 Standard Model
I Z+jets (Jet Smearing) I
[ Flavour Symmetric =
[ Other Backgrounds n

arXiv:1503.03290 3

» Multiple validation regions at low E_™**

T e

= 2

P 15

. . . . fac) 0;

Signal, control and validation regions s °%
On-Z £ Hy Hjets g SF/DF  EMsig.  far  Adet,y, EM™)

Region [GeV] [GeV] [GeV] [ @] E_II’_niSS

W%

O 10 20 30 40 50 60 70 80 90 100

Signal regions
SR-Z =225 = 600 2 81 < myg < 101 SF - - =04
Control regions
Seed region - > 600 2 81 < mye < 101 SF < 0.9 < 0.6 K

ET'sS [GeV]

SR-Z
(Hr > 600 GeV)

VRT

2 -
CRex > 225 S600 =2 81 <my <10l DF ) ) 504 225 GeV
CRT =25 =600 22 my ¢[S1,101] SF ; ) > 0.4
. VRT
Validation re (Hr > 500 GeV)
VRZ <150 =600 =2 81 <my <101 SF ; . ;
VRT 150225 500 =2 myg ¢[81,101] SF ; ; > 0.4 150 Gev L
VRTZ 150225 =500 =2 81 <my <101 SF ; ; > 0.4 | |
15 GeV 81 GeV

|
101 GeV my
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*’ Excess in Z+jets Final-state

Events / 2.5 GeV

Events / 25 GeV

Observe an excess in data:

Observed events and expected backgrounds

—_
N

-
N

—_

> 3o significance in ee channel
> 1.76 in uu channel
> 3o significance when

Channel SR-Z ee SR-Z uu SR-Z same-flavour

combined
Observed events 16 13 29
Expected background events 42+1.6 64+22 106+32
Flavour-symmetric backgrounds 28+14 33+1.6 6.0+2.6
Z[y* + jets (jet-smearing) 0.05+0.04 0.027003 0.07 £ 0.05
Rare top 0.18 +0.06 0.17 £ 0.06 0.35+0.12
WZ/ZZ diboson 1.2+£05 1.7+0.6 29+1.0
Fake leptons 0.1:97 12713 1.37}1

combining the two channels

Tlll\‘llT‘llT‘lTTlllTllTTlIlT‘llTlll\‘l

B —e— Data ]
- ATLAS %% Standard Model ]
T s=8TeV, 203" [_] Flavour Symmetric |
L [] Other Backgrounds
r SR-Zee T m(G)1=(700,200)GeV_]

s M(G) 1=(900,600)GeV

arXiv:1503.03290
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Excess of events

Events

only in sign

al

region:

T T T
ATLAS

\s=8 TeV, 20.3 b

Z-mass side band

Z-mass window

T T

—e— Data

[ Flavour Symmetric
3 ziy* + jets

[] Other Backgrounds
V7] Total SM

arXiv:1503.03290
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*’ Excess in Z+jets Final-state

Observed events and expected backgrounds

Events / 2.5 GeV

Events / 25 GeV

14
F —e— Data b
L ATLAS %44 Standard Model ]
12_7 s=8TeV,20.3fb" [_] Flavour Symmetric |
F [] Other Backgrounds
10;SR'Z e m(G)=(700,200)GeV_]
B e M(G)1=(900,600)GeV
8l arXiv:1503.03290
6} J R 5
af .
2 .
) o A 5
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7||IT||IIIIITIIIIITINIIIIITITli
r —e— Data 1
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+ [] Other Backgrounds -
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Observe an excess in data:

> 3o significance in ee channel

> 1.76 in uu channel
> 3o significance when

combining the two chan

TlIl\‘IIT‘IIT‘ITTlIlT‘TTTlIIT‘IITlII\‘I

ET™ [GeV]

Events / 2.5 GeV

Events / 25 GeV

Channel SR-Z ee SR-Z uu SR-Z same-flavour
combined

Observed events 16 13 29
Expected background events 42+1.6 64+22 10.6£3.2
Flavour-symmetric backe=aunds 28+14 33+1.06 6.0+2.6
ZIy* +iets (jet-sp 0.05+0.04 0.0ng:gg 0.07 £ 0.05
g 0.18 £ 0.06 0.17 £ 0.06 0.35+0.12
+0.5 1.7+0.6 29+1.0

S 12713 13717

Largest excess seen in

LHC SUSY searches

Given large number of

searches performed
3o statistical fluctuation
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Is not unexpected

in signal region:

ass window

—e— Data
[ Flavour Symmetric
3 ziy* + jets

[] Other Backgrounds

Total SM
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*’ Does CMS See Excess?

Recent similar search in CMS: cMs 194 6" (8 TeV)
> Similar _Z—>I_I selection o0+ i oVens B2 perkround
J CountS IN bInS Of ETmISS S Mess 22 [[]FS background
. (i) m(g). m ::D)
» 22 (or 23) jets above 40 GeV 6 i
» No selection on H_. (sum of jet p.) 7 — (1100, 800) GeV
] o T T 2 arXiv:1502.06031
resulting in increased Z—ll bkg e
22 jets
EITI‘jSS (GeV) 100-200 200-300 >300
DY background 336 L£89 | 286L86 | 77 £36 |
FS background 868+57 | 45.9+73 | 51+23 S 2
Total background 1204 £106 | 74.54+11.3 | 128 £4.3 85 1.5
Data 1187 65 7 83 0 51
GMSB signal yields N s B
g =900, mge =150 [ 221+04 [ 11.1£03 [ 7.2£0.2 -0 0 50 100 150 200 250 300 350
mg = 1100, M =800 | 114004 | 1.6+0.05 | 7.64+0.1 E;’Hss [GeV]
23 jets
EXSS (GeV) 100200 | 200-300 | 300
DTY background 124+33 [ 127+38[32+18 NO excessS seen by C M S
FS background 354+£28 | 265+54 | 2.0+ 14 o
Total background 178+43 | 392£66 | 5323 However, only ~30% overlap
Data 490 35 8 ' i
VST sl o with ATLAS selection
g =900, gy = 150 | 220£04 [ 110£03 | 7.1£02
g = 1100, g = 800 | 1.140.04 | 154005 | 7.440.1


http://arxiv.org/abs/1502.06031

*’CMS Excess in Dllepton Searclt

soooo |-  arXiv:hep- ph/9610544 —

CMS excess in dilepton edge search: ¢« ¢
> Decay of heavy neutralino through *

slepton or off-shell Z gives o ]

triangular Il mass distribution with Ul

characteristic edge and kinematic bound L ] WV P,
» Split in central leptons (|n|<1.4) > MR e

and forward leptons (|n[>1.6) gzao— ] e .
» 2 jets and E,™*>150 GeV, or £200]- ez

3 jets and E.™*=>100 GeV i [ { N singlet

- Other SM
R 11 225 GeV m =150 GeV
m; = 400 GeV m =150 GeV

m; = 350 GeV m =275 Ge\ |

» Fit to "edge” shape across m and

: : 100 :
countin 3 m, bins

Central 5|gnal region |

50 13

The | ee+uu .
» See 2.66 excess at low m, in central case
Low-mass On-Z High-mass i
Central Forward Central Forward Central Forward 30 100 150 200 250 300
Observed 860 163 487 170 818 368 mll [GeV]
Flavor-symmetric 722427429 155413410 | 355419414 131 +124+8 | 768 =28 +31 430+ 22 + 27 (._) T T T T T T T T
Drell-Yan 82426 25+1.0 116 + 21 049 25408 11404 = 214 Data / background only . Syst. ungert. 7
Total estimated 73040 158+ 16 4714+ 32 173 £17 771+£42 431 + 35 ~ 15—
Observed —estimated 13075 5120 1613 3 47+88 —627% o 1
Significance 260 03¢ 04c <0.1¢ 09¢ <0.1ec (DU n
O L.
oL
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<WNew = Dilepton Edge in ATLAS

ATLAS also has edge search:

» One set of selection
almost identical to CMS
» Additional SRs split
In b-jets and no bjets
and minimum 2 vs 4 jets

> No excess seen in ATLAS

100 . = 350 GeV m =275 GeV |
b Central 5|gnal region |
50 ke | ee+ |
50 100 150 200 250 300
m, [GeV]

- Other SM

m; = 225 GeVm =150 GeV
m; = 400 GeVm =150 Ge\f

CMS 19.4 b (8 TeV)
> T T T W pam T T
GJ — _
O] [ ] DY+ets (eeup)
250 _ i
10 [ ] DY+ets ()
P ] wwwzzz i
© 200 B f ov150206031 |
u-'j + B singlet -

Below-Z (20 < my, < 70 GeV)

SR-loose ee

SR-loose pp

SE-loose same-favour

combined
Observed evenis 509 624 1133
Expected background events 510+ 20 +40 680 = 20 + 50 1190 + 40 £ 70
Flavour-symmetric backgrounds 490 + 20 + 40 650 = 20 + 50 1140 £ 40 £ 70
Ziy* + jets 25+£08+32 B+£2+5 11£2+7
Rare top 03 +£00+00 04+00+£00 07 +£00+00
WEZZ [.L1+£03£0.1 1.2+02+04 24204104
Fake leptons l64+2 23+5+] 3B2H24
> T T T T T T T T T T T T | T T T T l T T T T T T T T ]
(O} - |
O A TLAS —@— Data i
» -1 4
1C—) 250 \S = 8 TeV, 203 fb /%/ Standard Model ]
~ — FI S tri -
» B SR_Ioose ee |:] a'vour ymmetric 7]
"E - - Z+jets —
G>J 200 - “ . :"-’» |:‘ Other Backgrounds _]
LIJ — : : ~r~ ~ ~+ -0 7~ ~0 —
R : : qq 2-step, m(q, X,/%,, VV. X,) _|
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- Y. H -
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= WNew “Gluino Limits with Dileptons ~ ©

Still put limits on gluinos:

2

9) [GeV]

E 1300
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700 e/
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1400

Analysis results interpreted

in both simplified models and
Generalized gauge mediated
supersymmetry models (GGM)
Limits weakened due to
excess in on-Z search

GGM: higgsino-like i?; tanf = 30, M1 =M, =1 TeV, m@)=1.5 TeV

T T T | T T T | T T T | T T T | T

— ATLAS \s=8 TeV, 20.3 b < Observed fimit (1 652)
SR-Z ee+up B5% Expected limit (1 6,,,)

=== Expected limit (2 o)

On-Z analysis

IIII|IIII|IIII|IIIIIII

200 400 600 800 1000

| Dilepton edge

ATLAS No excess
CMS 2.60 No excess

The ATLAS and CMS edge selections are the same (by
design) but the Z+MET are different, only ~30% of our
events enter the CMS selection

g-g decays via slepton/sneutrinos: gg — qqqqq(llII/IIIv/IIvv/Ivvv/vvvv)%:)%?

;‘ 1200 _I LI I LI L | LI L | LI L I LI I LI | LI L | LI I LI L | LI I—
(,3 = ATLAS “‘;S=8 TeV, 20.3 i — Observed limit (1 GSUSY) .
S3 B -4j- = === Expected limit (+1 7
31000 SR-4j-bveto ee+uu j leizoe~ Im:) (£1 64y) ]
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*’ Gluino Search without E_™ss

7 q

Search for E ™ |ess gluino decays:

» If R-parity violated can have decays
to just jets

» Search uses high jet multiplicity (26,7 jets)
or large total (fat-)jet mass

» Dominant background from SM multi-jets
estimated using templates from lower jet multlpllc:lty

ggproductlon g—>qu x—>qqq [ L I O Y L I B B
1

=
o T | I | T T T | T T T | T T I G) 4 - N ]
% i (E))k()pectec:j Jet Counting, No B-tags w 0] 10 : W 3-Jet Template, Data :
o | Exs:cr;\t/eed o IO NN —e— 4-Jet Sample, Data, SR
S5 L Observed Total Jet Mass | o) 30 i
= - 10 E Uncertainties 3
| === Expected et Counting, With B-tags | = 3
— Observed 12} - - @, %) = 800, 175 GeV ]
1000~ 's=8TeV,203%H" . ATIAS - S 102t arX|v 1502.05686
arXiv:1502.05686 SR\ > E ATLAS 3
Al limits at 95% CL _ i F . \s—8TeV. 203" ]
i ) 10¢ 4iSR, p > 250 GeV 3
.\é@e‘(\ Q c —
B o ‘\0\0 \000' 7 i \\q
- e ]0\0\*\ OOQ’ | 1 E
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LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

10

G, [pbl: pp — SUSY ]

tot

VS =8TeV _|

Production of squarks/gluinos:
> Strong coupling gives large
sensitivity at the LHC
> Primary signature is
jets and missing energy

p q

p a,d,3,¢ p

o I A

! | |
200 400 600

1 | | )\ | |
300 000

w00 1sgProd. of 3™ generation squarks:
N » Lower cross section,

» Decays chains frequently has
top and bottom quarks
> Of great interest to “Natural SUSY?

t p

-
- S
- -
. -
- -
~ ~
~ ~
~ ~
~ ~
~ ~




3 Generation Squark Searches @

In natural SUSY at least one stop light (m< 1 TeV)
Have been a major focus of SUSY searches in last 3 years

b q
11, production - b7 /= Wb E /111 Status: ICHEP 2014 | p g q
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3" Generation Squark Searches

In natural SUSY at least one stop light (m< 1 TeV)
Have been a major focus of SUSY searches in last 3 years

11, production - b7 /= Wb E /111

Slatus: ICHEP 2014 D
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3 Generation Squark Searches ©

In natural SUSY at least one stop light (m< 1 TeV)
Have been a major focus of SUSY searches in last 3 years

11, production - b7 /= Wb E /111 Status: ICHEP 2014 p
E"‘.-.-:":illl'l|'II'IIIIIII'l[iI'IlII[IIIIIIlIr
> ~ X1
t

ATLAS Preliminary L, -20t"1s=-BTeV L, =47 157 TeV
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Stop Limit from tt cross section

o If m~m_, then it is reconstructed as top, increasing cross section

o Precise NNLO+NNLL SM prediction:

ATLAS+CMS Preliminary o, summary, \s=8TeV TOPLHCWG Sep 2014

....... NNLO+NNLL (Top++ 2.0), PDF4LHC —
My, = 172.5 GeV

[ scale uncertainty
scale ® PDF @ o uncertainty

~ stat. uncertainty
— =— — total uncertainty
G t(stat) £(syst) £(lumi)

ATLAS prel., e/u+jets 241+2+ 31+ 9 pb
ATLAS-CONF-2012-149, L,,=5.8 fo™

+29

CMS prel., e/utjets e o 228+ 97, £ 10pb

CMS-PAS TOP-12-006, L,,=2.8 fb'

CMS, e/, T
arXiv:1407.6643, L.=19.6 o’

int™

— 257+ 3+24+7pb

ATLAS, dilepton ep
arXiv:1406.5375, L_=20.3 fb”'

int

2424+ 1.7+ 551 7.5 pb

CMS, dilepton (ee, uu, eu)
JHEP 02 (2014) 024, L. =53 fb"

int

e 239.0£2.1£11.3+6.2pb

LHC combined eu (Sep 2014)
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-054,

2415+1.4+5.7+6.2pb

100

L,,=5.3-20.3 fb™
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
I | I | I | 1 | | I | I I
150 200 250 300 350

o, [pb]

400

177.3115_ pb (7 TeV)
252.9*153 _pb (8 TeV)

ATLAS tt dilepton cross section measurement
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- ATLAS ® Data 2012 =

E \s=8TeV,203f" [ tt Powheg+PY

= mm Wt 3

= Bl Z+jets =

[ Diboson -

* mm Mis-ID lepton 3

— Powheg+PY _:

" MC@NLO+HW

o Alpgen+sHW

Eur.Phys.J. C74 (2014) 3109

- o

: g 3
0 1 2 >3

Nﬂ-mg

o= 182.94+3.14+42+3.6+3.3pb (/5 = 7TeV)
o = 24244+ 1.7+ 55+ 7.5+ 4.2pb (/5 = 8 TeV),


http://link.springer.com/article/10.1140/epjc/s10052-014-3109-7

Stop Limit from tt cross section

m~m, excluded

JGW~40pbatmv—17SGev,§ 4:_'2\11'.)\'3”'"""'
6, ~20 pb at m=200 GeV - \s=7TeV, 461"

. - . 3.5 \s=8TeV,20.3fb"
» Selection efficiency is S A
very similar to tt 3r= xpected limit +1 Ooe
for right-handed t

-~ Observed limit £1 0y

95% CL limit on signal strengt

» Exclude light stop *0 otz mE)-1Gev
from mt to 183 (177) Gev 2;_ Eur.Phys.J. C74(2014)3109 o
before(after) accounting 1 5F
for 15% uncertainty on o, 1_ T
> Limit assumes =T
BF(t_’tX1O)=1OO% T T
» Weakens to 175 GeV if 170 180 190 200 210 220 230
stop is left-handed m; [GeV]

> Little dependence on the neutralino mass


http://link.springer.com/article/10.1140/epjc/s10052-014-3109-7

top Limit from tt Spin Correlation

Can also use difference in -
spin to put limit on light stop 2

tt spin correlation measurement &
» Opposite-sign dileptons
(ee, eu, uu) at 8 TeV

> At least two jets, 21 b-tagged
> Further kinematic selections on
E.ms and m(ll) to ensure clean

top decay samples

» Measure spin-correlation
A= NTT_I_NU_ NH_NH

 Nu+N+ N+ Ny,
using azimuthal A¢(i,j) distribution
» Consistent with SM prediction:

Ratio
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http://arxiv.org/abs/1412.4742

top Limit from tt Spin Correlation

m~m, further excluded
» Simultaneous fit to overall

o) | i
o, and Ad(i,j) distribution = [ — Opserv ATLAS
t _ (I)( ) o 100 ohserves \s =8 TeV, 20.3 fb™
for additional scalar top e e Expected £ 1 5.d. m.=1GeV
. . . (o) 1

contribution assuming SM  ©  g4C ]
. Sk i Expected + 2 s.d. ]

cross section for top = I
i 24" ~  — — NLO+NLL prediction .
> Exclude light stop X 60 ]
from m to 197 (191) GeV a L ]
before(after) accounting © 40f<’~~.\\ ” y
for 15% uncertalnty on Gﬁ zoi‘u_.*:-:\».\_.. ......................................... ]
> Limit assumes il et
BF(t—>tX1O)=1OO% and Ol e, Lt Lt Leeitens, |

. 180 190 200 210 220 230
right-handed stop

> Only slightly weaker limit (few %) for right-handed stop
and heavier neutralino

m- [GeV]



Current Stop Limit Summary

o

©
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i
=
With the additional
measurements at
top starting to
close some of

the holes for light
stops
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Status: Feb 2015
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LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

10 EI I | L

VS =8 TeV

-3 | | |

| 1 | | | | | 1 | | 1
o, [pbl: pp — SUSY ]

800 1000 1200 1400

10 | | | | | | | 1
200 *w

Production of squarks/gluinos:

> Strong coupling gives large
sensitivity at the LHC

> Primary signature is
jets and missing energy

woProd. of 3™ generation squarks:

g

Electro-weak production

mavera € I-UeVJ

» Lower cross section,

> Slepton, neutralino and charginog © Decays chains frequently has

> Detectable mostly through
leptonic decays

R p>< % P %
[ g i

p

top and bottom quarks
> Of great interest to “Natural SUSY”
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EW Production Search Program

Comprehensive program
» Search for chargino, neutralino

and slepton pair production p> i L p> . "

Direct sleptong production

o Primarily using leptonic
final states either through t %
direct decays to leptons g P

¢ T
or through W/Z decays Chargino/neutralino decays through sleptons

o Dedicated searches with 1's ", /e
(/v /v
g » 2
T 4l
{7/1} ~0 = 5((1)
) “~<" X1 <£/V
(/v 0/
v/l
Direct chargino/neutralino decays through W/Z/h's
14
p
i 79
% X




EW Production Search Program

Comprehensive program Direct slepton production
» Search for chargino, neutralino ¢

and slepton pair production N L F Lo
o Primarily using leptonic >;;:" 1 == h
final states either through Et X TT %2
direct decays to leptons ! , Y
or through W/Z decays Chargino/neutralino decays through sleptons
» Dedicated searches with 1's vyt "
: th ~ i
T~ A 72
(/v i ~0 --- X
P “‘<‘;/<1 <.,;/(u
)/t /v
Direct chargino/neutralino decays through W/Z/h's
w
P ~+
% 0
xg 92(1)
p
Z




earch for EW Prod. With Higgs Decay

If %20 Is of wino-type and heavéy enough, it will deca)/ through Higgs emissice)in

Searched for p
in three decay

modes in
association )
with x,* decay
Search Strateqy:
» 2 signal regions in bb using m,; in h — bb channel m_in h — yy channel
lepton-E_ ™= transverse mass. 1o 3 T R :
o = Data B Wsiets 3 8 eLATLAS . —— Data E
d m B to sSu ress O] - ATLAS » _ 1 o [rs-sTev.203m .
an CT,bb pp 8 10 | is=8TeV,20.3 b % Total SM [ Single top _* S 5t rxiv1501l07110 — Fit to Data
; -~ E arXiv: . tt Other 3 £ 45— | =
W+.Jet and tt. backgrounc_ls 2 T o i
) 2 signal regions in yyusing ¢ 1o- 3 E
Ll oF -
W+y transverse mass 1 £ E
and A(I)(W’Y) fo Suppress - : 100_0' T 110 120 130 140 150 '1_60
SM Higgs production ETTTT My [GeVl
J 6 same-sign lepton signal 2 2 4 T
regions split by flavorand s 1 % ’ s 7
jet multiplicity O g -
60 80 100 120 140 160 180

o Combine all signal m,, [GeV]
regions for maximal
sensitivity


http://arxiv.org/abs/1501.07110
http://arxiv.org/abs/1501.07110

[GeV]

m_o

m., [GeV]

earch for EW Prod. With Higgs Decay
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100 -ATLAS == Observed limit (+103%) —] &3
[ {s=8TeV,203f6" 1 Tor 60
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Combined Result

» Combine with
older 3-lepton
search

» Significant
extension of
search reach
(up to 250 GeV)



http://arxiv.org/abs/1501.07110
http://arxiv.org/abs/1501.07110
http://arxiv.org/abs/1501.07110
http://arxiv.org/abs/1501.07110
http://arxiv.org/abs/1501.07110
http://link.springer.com/article/10.1007/JHEP04%282014%29169

Status of EW Production Searches

ATLAS Preliminary 20.3fb" /s=8 TeV Status: Feb 2015

< 600 -

8 - 17X via I:L/ v, 3L, arXiv:1402.7029 - - = - Expected limits

=~ | = XX, Via L/ V, 2l, arXiv:1403.5294 —— Observed limits
Ra!:he_r Strong T — — e via T/, 3L, arXiv:1402.7029 Al i 95% CL
I|m|tS In Case £ 500 ___ fig via T,/ Vo, >27T, arXiv:1407.0350 Imits at °
Of intermediate - = XX, Via T/ Vv, >27, arXiv:1407.0350
SleptonS [ — fﬁg via WZ, 21+3L, arXiv:1403.5294

400 — Xx0 via Wh,  Ibb+lyy+IF+3L, arxiv:1501.07110

2|, arXiv:1403.5294

Still relatively
weak limits
for direct
chargino and
neutralino decays 200

300 —

100




LHC SUSY Searches

At LHC can search for production for almost all SUSY particles,
but with different sensitivity as production cross-sections vary

Ve T3 Production of squarks/gluinos:
cultPlpp=SUSY 4 o Strong coupling gives large
VS=8TeV sensitivity at the LHC

Primary signature is
nd missing energy

Most searches assume ‘k\ ' ’ (7
& decay chain to stable LSP Re2zsgg,
giving rise to missing energ g P g
L1 l N Not present in all SUSY models . _
200 400 600 800 1000 — requires dedicated searches eration squarks.
Electro-weak productiof, _to cover this J ection,
> Slepton, neutralino and charg ||ns frequently has
> Detectable mostly through top ana wottom quarks

leptonic decays
/ vE s t p

p>: | p>< - M > / > |
7 oF p | /

> Of great interest to “Natural SUSY”



Long-lived SUSY Particles

Long-lived SUSY particles are predicted in wide variety
of models: Hidden Sectors, RPV violating decays,
Split SUSY, AMSB, GMSB,..

Possible Signatures
» Displaced vertices
J Disappearing traCkS disappearing (kink) stable massive

r . track P particle
> Non-pointing and displaced //” o
vene}(;_
delayed photons ) S i
» Stopped R-hadrons Ve a detector

» Stable massive
particles

Observable signatures depend on lifetime

O(10) mm O(100) mm > 0(1000) mm decay length



Long-lived SUSY Particles

Long-lived SUSY particles are predicted in wide variety
of models: Hidden Sectors, RPV violating decays,
Split SUSY, AMSB, GMSB,..

Possible Signatures Observable signatures depend on lifetime

» Displaced vertices
J Disappearing traCkS disappearing (kink) stable massive

r : track P particle
> Non-pointing and displaced //” o
vertex . S~
delayed photons L penetrate
nmary &
» Stopped R-hadrons s a detector

» Stable massive
particles

O(10) mm O(100) mm > 0(1000) mm decay length




%’ Stable Massive Particle Search

Massive charged particles leave several distinct signatures:
> Energy loss (By) measured by pixel detector

> Long time-of-flight measured by calorimeters and muon system
> With momentum measurement get mass estimate: m= p/([3y)

Search strateqgy:

» Reconstruct particles Reconstructed mass
with 0.2 <3 <0.95 Combined B resolution gsgiollsltlrlll?lljtlons ff)lrl ’F\{quplalrjtllczlles
> Determine mass S o P AN ]
. S _f es8Tev.iedb - . "JHEPD1(2015)068.
from B measured in 2 70 JHEPO1(2015)068 i Coostnio T .
. > 60} Data 2012 | ShLla il . I
muon and calorimeters® ,; s R i
» Confirm selection A 00 ]

=0.999
30 P

using pixel energy loss ,; '™
o Either require two loose - N :
heavy particles or 8557085 o5 1 11 12 ﬁ’“ o R e
one tightly selected CE R RN
> Optimize for different

long-lived particle production scenarios

200 o | PRI A SR .



http://link.springer.com/article/10.1007/JHEP01%282015%29068
http://link.springer.com/article/10.1007/JHEP01%282015%29068

*’ Stable Massive Particle Search®

long-lived particles

Inter

R

T AR R R

Cross-section [fb]

—_
o

preted in many different models with

Often limits
are stronger
than in case
of prompt
decays

| 1 1
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. o L
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Search

2

ATLAS
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R-Hadrons
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E= theory prediction
B expected limit + 1o
expected limit + 26

—_
o
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HEPO01(2015)068
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400

T, mass [GeV]

Lower mass limit [GeV]

GMSB sleptons
- tan 8 = 10, 20, 30, 40, 50

440, 440, 430, 410, 385

- direct £ production (m; —ms, = 2.7-93 GeV) 377-335
- direct 71 production 289
- XX decaying to stable 7 537
LeptoSUSY

-4, g 1500, 1360
Charginos

CXE 620
R-hadrons

g, b, 1 (full-detector)
g, bt (MS-agnostic)

1270, 845 and 900
1260, 835 and 870



http://link.springer.com/article/10.1007/JHEP01%282015%29068
http://link.springer.com/article/10.1007/JHEP01%282015%29068
http://link.springer.com/article/10.1007/JHEP01%282015%29068

ATLAS SUSY Searches* -9

5% CL Lower Limits Fu” LISt Of Results

ATLAS Preliminary

Status: Feb 2015 \Vs=7,8TeV
Model &M Ty Jets ET™ [Ldim™) Mass limit Reference
T T T T T T L} T I T T T T T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4.8 1.7TeV  m(G=m(g) 1405.7875
3, G-t 0 26jets  Yes 203 |[§ 850 GeV m(¥7)=0 GeV, m(1* gen. §)=m(2" gen. §) 14057875
@ 44y, §—g¥| (compressed) 1y 0-1jet  Yes 203 |d 250 GeV m(@)-m(E]) = m(c) 1411.1559
R 8 1 0 2-6jets  Yes 203 z 1.33 TeV m(¥})=0 GeV 1405.7875
& 27 i—qgh —ggWER) 1e.pu 36jets  Yes 20 |z 1.2 TeV m(})<300 GeV, m(¥*)=0.5(m(¥})+m(z)) 1501.03555
B 28 3oagCl/tv/ T 2e.u 0-3 jets - 20 |2 1.32 TeV m(¥))=0 GeV 1501.03555
©  GMSB (/NLSP) 1-27+0-1¢ 0-2jets Yes 203 |& 1.6TeV  tans>20 1407.0603
‘G GGM (bino NLSP) 2y - Yes 203 |2& 1.28 TeV m(¥1)>50 GeV ATLAS-CONF-2014-001
S GGM (wino NLSP) Tep+y - Yes 48 m(¥?)>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(t})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 F'2? scale 865 GeV m(G)>1.8 x 104 eV, m(z)=m(§)=1.5TeV 1502.01518
S5 [ 0 3h Yes 201 |2 1.25 TeV m(F})<400 GeV 1407.0600
g Gotit] 0 7-10jets  Yes 203 |& 1.1 TeV m(¥?) <350 GeV 1308.1841
b Eo é—'fa?j' 0-1e,p 3b Yes 201 | & 1.34 TeV m(¥})<400 GeV 1407.0600
o0 Fobik| 0-1e.p 3b Yes 201 | & 1.3 TeV m(¥)<300 GeV 1407.0600
ae biby, byt 0 2b Yes 201 | B 100-620 GeV m(¥])<90 GeV 1308.2631
.8 hiby, by—tky 2¢,u(S8) 03b  Yes 203 |b 275-440 GeV m(¥})=2 m¥Y) 1404.2500
S8 i, fi—obti 1-2ep 126 Yes 47 | n[ 4105167 GeV .~ 230-460 GeV mFE) = 2m(#), m(¥})=55 GeV 1209.2102, 1407.0583
B8 7, Wbk or i) 2e.p 0-2jets Yes 203 |& 90-191 GeV 215-530 GeV miEY)=1 GeV 1403.4853, 1412.4742
S8 fif, i 4»\?‘,’ 0-1e,pu 1-2bh Yes 20 i 210-640 GeV m(t])=1GeV 1407.0583,1406.1122
%‘g iy, i —ck| 0  mono-jet/c-tag Yes 203 |7 90-240 GeV m(i,)-m(¥))<85 GeV 1407.0608
T;.n = i1 (natural GMSB) 2epu(Z) 1b Yes 203 |1 150-580 GeV m(¥})>150 GeV 1403 5222
hi, hoh +Z 3eu(2) 1b Yes 203 |& 290-600 GeV m(E])<200 GeV 1403 5222
P ndin, E—er) 2e. 0 Yes 203 |7 90-325 GeV m(¥)=0 GeV 14035294
XTRT X vt 2e,u 0 Yes 203 |& 140-465 GeV m(E7)=0 GeV, m(Z. #)=0.5(m(¥} )}+m(¥})) 1403.5294
B ) 2r 5 Yes 203 | & 100-350 GeV m(E))=0 GeV, m(#, #)=0.5(m(¥} }+m(¥})) 1407.0350
ug_, D R EvILLw), (E ) Be,p 0 Yes 203 | ELE 700 GeV m(FE)=m(¥3), m(¥))=0, m(Z. #)=0.5(m(¥; )+m(E})) 1402.7029
© piowilze) 23eyu  02jets  Yes 203 | @A 420 GeV m(E)=m(E2), m(E})=0, sleptons decoupled | 1403.5294,1402.7029
B W R, hobb/WW/tryy MY 0-2h  Yes 203 |#LE 250 GeV mF)=m(E3), m(¥})=0, sleptons decoupled 1501.07110
B, 05 olrt de.p 0 Yes 203 |, 620 GeV m(ED=m(F2), m(E))=0, m(Z. 7)=0.5(m(¥%)+m(¥})) 1405.5086
Direct ¥1.¥; prod., long-lived ¥] ~ Disapp. trk ~ 1jet  Yes 203 |& 270 GeV m(E})-m(E})=160 MeV, 7 )=0.2 ns 1310.3675
g ] Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 z 832 GeV m(¥})=100 GeV, 10 us<r(2)<1000 s 1310.6584
=G Stable g R-hadron trk - - 191 |& 1.27 TeV 14116795
D5  GMSB, stable 7, | »#@ i+re.n) 124 s . 191 | & 537 GeV 10<tanB<50 1411.6795
S & GMSsB, ¥]—yG, long-lived ¥} 2y - Yes 203 |@ 435 GeV 2<7(})<3 ns, SPS8 model 1409.5542
g, ¥ —qqu (RPV) 1, displ vix - - 203 |d 1.0 TeV 1.5 <er<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—vr + X, ¥r—e + 1 2e,u = = 4.6 A5,,=0.10, 1;3,=0.05 1212.1272
~.  Bilinear RPY CMSSM 2e.0(SS) 030b Yes 203 |42 1.35 TeV m(§)=m(g), c7psp<1 mm 1404.2500
a TR, X WY, B —eev,, eu, de,p i Yes 203 | & 750 GeV m(E)>0.2xm(ET), iz 20 1405.5086
- wil Dot ety Ben+T - Yes 203 | & 450 GeV ME)>0.2xm(T5), 41330 1405.5086
§—q4qq 0 6-7 jets - 20.3 z 916 GeV BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—ofit, fi—bs 2¢,u(SS)  0-3b Yes 20.3 z 850 GeV 1404.250
Other Scalar charm, Focl] 0 2¢ Yes 203 |& 490 GeV : m(¥})<200 GeV 1501.01325
=8TeV -1
N . v ‘ Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



ATLAS SUSY Searches* - 95% CL Lower Limits FU ” L| St Of R esu |tS ATLAS Preliminary

Status: Feb 2015 \Vs=7,8TeV
Model &I TY Jets EJ™ [rdim™] Mass limit Reference
T T T T T L] L] T I L] T T T T
MSUGRA/CMSSM 0 2-6jets  Yes 203 08 1.7TeV m(g=m(z) 1405.7875
i, G—a¥) 0 2-6jets  Yes 203 |4 850 GeV m(E})=0 GeV, m(I* gen. §)=m(2 gen. §) 1405.7875
% 3y, G—g¥" (compressed) 17 0-1 jet Yes 20.3 q 250 GeV m(g)-m(¥}) = m(c) 1411.1559
S 25 i—qah) 0 2-6jets  Yes 203 |% 1.33 TeV m(¥)=0 GeV 1405.7875
E 22, 3—qek; —n,nqwtf;.’ len  36jets  Yes 20 |z 12 TeV m(E) <300 GeV, m(F*)=0.5(m(F})+m(z)) 1501.03555
W g8 Eoqq(tlliv/ywiXy 2e.u 0-3 jets - 20 |2 1.32 TeV m(E))=0 GeV 1501.03555
Cls'i GMSB (t’ NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 2 1.6 TeV tans >20 1407.0603
g GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
S  GGM (wino NLSP) Teu+y - Yes 48 |& m(¥)>50 GeV ATLAS-CONF-2012-144
= GGM (higgsino-bino NLSP) ¥ 1b Yes 48 |& m(E))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 FY? scale m(G)>1.8 x 107* eV, m(z)=m(g)=1.5TeV 1502.01518
£ 5 g—bbt| 0 3b Yes _ 201 | % m(¥})<400 GeV 1407.0600
SO gort) 0 7-10jets  Yes z v 1308.1841
= Eo gt 0-1ep 3b Yes 1407.0600
Sa F—bi¥| 0-1ep 3b Yes 1407.0600
biby, by—bt) 0 2b Yes 2 a 1308.2631

biby, by -ty 2e,u(SS) 0-3b Yes  20.
fif), [ —=bXY - 1-2 b Ye 5102, 1407.0583

fiiy, = WhE or ) 1403.4853, 1412.4742

Large regions excluded, .

3" gen. squarks
direct production

{.|i.| i I.| —D[i?
ﬂﬂ,ﬂ—»cf/',] 0
i1 (natural GMSB) 2eu(Z) 14035222
i, hoh +Z 3eu(2) h I 1403 5222
but not enough to declare
XTRT, X - () 7)=0.5(m(T )+m(t})) 1403.5294
B A E o) S(mE)+m(E))) 1407.0350
E O Bty VTG S u pe rsy, ' l I ' l etry d e a d &) 1402.7029
B 0wtz 230 ecoupled | 1403.5294,1402.7029
V=W R, hobb)WWtt/yy MY m(¥;)=m(¥3), mT7)=0; led 1501.07110
¥oX3, Xy =Tt de.u —m(EY), m(E)=0, m(Z, 7)=0.5(m(F2)+m¥)) 1405.5086
Direct ¥1.¥] prod., long-lived ¥  Disapp m(EE)-m(F))=160 MeV, 7(¥i)=0.2 ns 1310.3675
g @ Stable, stopped g R-hadron m(¥})=100 GeV, 10 us<r(2)<1000 s 1310.6584
= G Stable g R-hadron 1.27 TeV 1411.6795
25 GMSB, stable 7, ¥} (. i+r(e. 1) 537 GeV 10<tang<50 14116795
S S GMsB, ¥ -yG, long-lived ¥\ 435 GeV 2<7(¥)<3 ns, SPS8 model 1409.5542
g, ¥ —qqu (RPV) 1, displ. vix - - 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(f)=108 GeV | ATLAS-CONF-2013-092
LFV pp—vr + X, ¥r—e + 1 2e,u = = L/ Ve 1.61 TeV A5,,=0.10, 1;3,=0.05 1212.1272
LFV pp—ir + X, ¥r—e(u) + 7 Teu+t - - 6 Vr 1.1 TeV A,,=0.10, 1)(233=0.05 1212.1272
. Bilinear RPY CMSSM 2e,u (SS) 0-35 Yes 20.3 78 1.35 TeV m(g)=m(g), eTLsp<1 mm 1404.2500
Q PR, A S WE ) —eer,, euv, de.p - Yes 203 |# 750 GeV m)>0.2xm(F}), 4121#0 1405.5086
3 I -wi) B st eti, Ben+T - Yes 203 |% 450 GeV ME)>0.2xm(FF), 413320 1405.5086
Z—qqq 0 6-7jets - 203 |z 916 GeV BR(r)=BR()=BR(c)=0% ATLAS-CONF-2013-091
g, fi—bs 2e.4(SS)  03h  Yes 203 |& 850 GeV 1404.250
Other Scalar charm, é—ct) 0 2¢ Yes 203 & 490 GeV , m(¥})<200 GeV 1501.01325

Vs =7TeV Vs =8TeV i
full data full data 10 1 Mass scale [TeV]

‘Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Future LHC Running

Two major improvements coming at the LHC
» Increase of collision energy from 8 TeV to 13 TeV this year
Will eventually increase towards 14 TeV
» Increase in integrated luminosity by O(100) over next ~20 years

WJS2013

100 B L] L] L] ] | L] | L} ] L) ] ] T l T
[ ratios of LHC parton luminosities: 13 TeV /8 TeV

-2 M ~2M(SYSY)

luminosity ratio
o




Collision Energy Increase

Immediate impact of higher collision energy

»> O(50) increase in cross section for heavy gluinos

»> O(10) increase in cross section for heavy stop

> Around factor two increase for EW production cross sections
> SM physics backgrounds also increase by factor 2-4
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Luminosity [cm2s]

Luminosity Evolution

Expectations for the LHC

» ~10 fb' at 13 TeV by end of this year
v ~300 fb' at 13-14 TeV by 2022
» ~3000 fb' by 2035

® Peak luminosity =Integrated luminosity
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m., [GeV]

Projections for SUSY Searches

Unfortunately, no public projection for 2015 sensitivity

Longer-term sensitivity studied in good detail

» Main backgrounds simulated using parameterized detector response

» Squarks and gluino searches will reach into multi-TeV space

» If no gluinos found by end of LHC, Natural SUSY disfavored

o Already in 2015, expect that just a few fb-' enough to exceed 2012
exclusions levels, particularly for heavy gluinos

Projected gluino discovery/exclusions Projected squark discovery/exclusions

g g productlon g - qq X
| T T T T T | I I I I | T T T T | I_,"“I I T | T

- q production, q — q x (Herwig++), m_>>m,

. . . — ;‘ T | L L L I T I | LI I I T LI | I T L L | 1T 1T ]
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3" Generation Squark Searches

Similar studies done for stop and sbottom production
5 Expect to discover stop/sbottom up to 1 TeV with 300 b
» Sensitivity up to almost 1.5 TeV with complete dataset

in the favorable decay mode t—ty;,°
o For 2015 will need >5fb™! to excess 2012 hlqh mass I|m|t

=1000F ———— L=
> = ATLAS Simulation Prehmmary 5
g 900 ,‘!. s=14 TeV -300 fb! (<p.>—60) 56 discovery =
% 800 :_ - *300 fb™ g<p>_60) 95% CL exclusion =
] | ATL-PHYS-PUB-2013-011 -3000 fb’ (<u>=140) 50 dlscoverr =
&= - *»3000 fb™' (<11>=140) 95% CL exclusion -
700 .ATLAS 8 TeV (1-lepton): 95% CL obs. limit-

— CATLAS 8 TeV (0-lepton): 95% CL obs. limit -

600 e “ E

E .:..." E

500 = % =
400F- v =
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200F- : =
100 =

: : 1 1 1 I I- 1 :
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Chargino/Neutralino Searches

Searches for EW production sees little gain from energy increase
Large luminosity needed to really push sensitivity

High luminosity projections for direct chargino/neutralino decays
» Use 3-lepton channel as very low background (primarily WZ)
» Even with 300 fb' not much possibility of 56 discovery

> With 3000 fb", will approach 1 TeV for exclusion sensitivity,
650-800 TeV discover with a light LSP

;‘ 800 | L I LI I LI I T T I L I LI l LU [ LI 1]
; 1000 :I T 1T I LI I T T 17T | L I T T 17T I T T T 7T | L | |||||||||||| : 8 : ATLAS Simulation Preliminary :
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e 800 Vs= 14 TeV . - 600 — — jL dt = 3000 fb ", u=140, 5¢ discovery ]
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700 ;— 3-lepton channel ... .[L dt =300 fb™! 1=60, 95% CL exclusion —; 500 :_ )N(:_r 212) Wt JNC? h JNC? """" JL dt=3001b", 160, 95% CL. exclusion _:
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Summary

> Extensive search for SUSY at the LHC in Run-1

> Provide comprehensive coverage of SUSY detectable
with current LHC luminosity and energy

> No significant signals seen, excluding a big chunk of
SUSY with sparticles below 1 TeV
- do have one signal region at 3¢ significance

> Even greater sensitivity in upcoming LHC run(s)

2012 nggs Dlscovery year 2015 SUSY Dlscovery year’?

00000
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e  Data201142012
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"WIMP Miracle”

100 107 102 103
IIIIII 1 1 IIIIIII T 1 IIIIII| 1 1 IIIIII| 108

m, = 100 GeV

A new, weakly-interacting massive
particle (WIMP) is an excellent -
dark matter candidate
> Assume initial thermal equilibrium

XX < SM SM ,
> Density will drop as universe cools ™"

XX — SM SM
> Annihilation stops as universe

expands \
J. Feng, Ann.Rev.Astron.Astrophys. 48 (2010)
: |

XX #4 SM SM g o A Rousston Aoy, 48 2010)
Leaving relic density as dark matter rieel

Universe
» cooling

108

Freezeout

10—14
10

If mx~100 GeV and has weak-scale interaction,
the thermal relic density Q, ~ Q_

Supersymmetry provides a natural WIMP in the
lightest supersymmetric particle



Supersymmetry and Dark Matter

LSP mass strongly dependent on SUSY model, but should
normally be 100 GeV to 2 TeV to match Dark Matter observation

Dark Matter rellc denS|ty in 19- parameter phenomenologlcal MSSM

10% ¢
: @ Bmo B Wmo 8 nggslnu
Bino-Higgsino ® Bino-Wino Wino-Higgsino
® Mixed
N Observed Dark
107 g .
kK E Matter density
.‘%
e i
= 102} . All 19 pMSSM model
' A parameters are
. varied randomly
and each model
103 subjected to indirect
| . M. Cahill-Rowley, et al.| CONStraints
20 . -arXiv:1305.6921 -
‘102 | - ‘m?‘



Particle Reconstruction and Identification

Schematic view of ATLAS detector

Hermetic Detector

Almost all particles e
fully reconstructed i
and identified in

one or more

sub-detectors

Only weakly-

interacting particles [
pass through

undetected

The dashed tracks

,
4
J‘ - P
- are invisible to
|Neutr|no
' i
r
'
r

the detector

Electromagnetic
Calorimeter

Solenoid magnet N

Transition
) Radiation
Trqclq ng Tracker

Pixel/SCT detector




Pileup

Z — UM event with 25 recotructed vertices

High luminosity at a cost
Record luminosity
achieved by having

20-40 interactions N
per beam crossing
every 50 ns

Design was peak of
23 interaction per 25 ns

Results in degraded
performance, but
mostly compensated
by use of smarter
selection algorithms



Inclusive O-lepton Signal Regions

Requirement Signal Region
2jl | 2jm | 2jt 2jW 3j 4jW

E“”SS[GeV] 160

pr(i1) [GeV] > 130

pr(j2) [GeV] > 60

pr(j3) [GeV] > - 60 40
pr(ja) [GeV] > - 40
Ag(jety 5 (3), EF™ )min > 0.4
Ad(jet; g, BRISS) i > - 0.2
W candidates - 2(W — 4) - (W —=j3) 4+ (W =737
Exiss //HT [GeV1/2] > 8 15 —
Emiss fmg (N;) > - 0.25 0.3 0.35
meg (incl) [GeV] > 800 | 1200 | 1600 1800 2200 1100
Requirement Signal Reglon

jl- | 4t [ 4jm | 450 | 55 [ 6l | 6jim | et | sjet

EmiSS[GeV] > 160
pr(j1) [GeV] > 130
pr(j2) [GeV] > 60
pr(J3) [GeV] > 60
pr(ja) [GeV] > 60
pr(js) [GeV] > - 60
pr(Js) [GeV] > - 60
Ad(jety 5 (), BRI )iy > 0.4
Ag(jet; g, ERISS) iy > 0.2
Emiss | /Hr [GeV1/2] > 10 —
ER g (Nj) > - 0.4 | 0.25 0.2 0.25 | 0.15
Meg(incl.) [GeV] > 700 | 1000 | 1300 | 2200 | 1200 | 900 | 1200 | 1500 1700




Top polarisation and Spin Correlations

Top quark lifetime of ~3 10-2° sec is much shorter than hadronisation time
Top decays as a bare quark, and does not form hadrons
Top spin info is not ‘corrupted’ by QCD interactions, transferred to decay products

Angular decay distribution: 1 dI’
I' dcos(6;)
6, angle between top decay product i and top polarisation P along chosen axis

q; is spin analysing power: ~*1 for charged leptons, -0.966 / -0.393 for d / b quark

Normally use helicity basis, chose quantisation axis as top quark momentum
direction in tT rest frame

Negligible polarisation in SM, but spins of t and T are correlated

= (1 4+ a;P cos(6;))/2

1 dO' ]. j\rliko - Arunlike f\r(TT) + [\r(i’i') - -ITV(T‘L) - J\’r(‘L
= —(1+ Aara_ cos(@ 0s(f_ = —
(14 Aaya—cos(Oy)eos(6-)) A= =" = o TN LD TN T NG

odcos(6,) d cos(0_) 4
Can be measured from dilepton A¢,, or observables involving cos6,
A¢, is straightforward to measure precisely
cosB, requires full event reconstruction (dilepton or |+jets events)




Direct sl
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2-lepton EW Search

slepton/sneutrino

epton
r
‘

[SR-mt2]
35Rs: slepton mediated

7 SRs designed targeting different
models.

o The same flavor and different flavor

are considered separately in each SR.

Main backgrounds: top-quark(ttbar
and Wt) and dibosons.

o For SM ttbar and WW: mt2 has an
upper end-point at the W mass.

LrLr |
il R
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3 lepton (e/u/t) EW Search “

X1 X3 via ¥ XS via
stau/sneutrino slepton/sneutrino
* X1, %2
(pure wino,
mass
degenerate);

¥1(pure bino)

3 SRs: 0,1,2 taus
+ light leptons

e
ATLAS
1= 8Tew Ju::zn.zm“

1 SR: 1 SR: O tau + light leptons
2 taus + light lepton *characterized by 20 independent bins*

o Analysis includes up to 2 hadronic
taus.

o 5 SRs are defined according to the
flavor and charge of the leptons,
targeting different models.

= Main backgrounds: diboson, AR e L |
tr‘iboson' ﬂbarv' tz and VH. 0702 03 04 05 00 07 D3 03 10 11 12 13 14 13 10 ns':{]:: ;}n J0 40 60 80 100 120 140 160 180 ELD?GEWED

T T T T T T T T T T T T T T
e 1513 Wiv+t  SHita ATLAS
HEToEISM ) Higs
Rodusibie W = BTev ILG=2[}.31‘D‘
S ee WE meciated 175,100
o1, meckated (BA2,53)

Evenis

SRith

Events/ 50 Gev

Data/SM




M [GeV]

2/3 Lepton Results

2-lepton searches
Direct slepton ¥iX: via
slepton/sneutrino
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3-lepton searches

XL X3 via Y1 Xovia

stau/sneutrino slepton/sneutrino
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Combined 2/3 Lepton Result
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Long-lived

What if gluino is just a little long-lived, about 1 ns? (mini-split SUSY)
Standard jets+MET SUSY searches should still apply (up to what lifetime?)

* Leptons vetos may start to fail impact-parameter cuts (when?)
» Jets will start to be identified as b-jets (when?)
« Jets may fail cleaning cuts using track pT fraction, EM fraction (when?)

First explicit re-interpretation of prompt SUSY searches for long-lived gluinos!
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