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Quick intro to SUSY

The LHC and ATLAS

ATLAS SUSY analysis primer: stop searches

Stop searches results: simplified model interpretation
pMSSM interpretation
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SUSY parameter space

e SUSY is very broad and
describes many models

e Masses and scales of
SUSY are not specified!

T. Rizzo, SLAC Summer Institute 2012

NMSSM = Next-to-Minimal Supersymmetric Standard Model
MSSM = Minimal Supersymmetric Standard Model
pMSSM = phenomenological Minimal Supersymmetric Standard Model
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Simplified models

e SUSY has many tunable parameters =
need to reduce
e Even with experimental constraints (as Z.q
in pMSSM with 19 free parameters) N

Solution: simplified models

e Assume only select SUSY particle can
be produced at LHC
e Remainder is too massive (4-7 TeV)
e Production cross section of light SUSY
particle depends mainly on mass

0q2
o

mass

2
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e Make simplified assumption of decay
chain
e For example, only 1 or 2 decay modes
possible for stops (%)

(--------.
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o
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Stop quark production

e Top/stop quark are important for hierarchy

problem solution p t
e Preference for stop masses below ~1 TeV _-"
e Searching for direct stop pair production -7
e QCD production = calculable T~ ~<
e Highest production cross section after gluinos and » b 7

light squarks
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Stop decay mode

~ ~0 ~0 . mgol
e t; — t+ X where X = Lightest
Supersymmetric Particle (LSP)
e LSP doesn’t interact with detector:
missing energy
e Final states contains 2 tops and missing
energy N
e Top pair decay with 0, 1, or 2 leptons m;'
e Highlight 0-lepton (all hadronic)
search as example Simplified model parameters:

msz, mio
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e 27 km circumference in
Geneva-land
e 7 and 8 TeV proton-proton
collisions ended in 2012
e 13 TeV coming happening
now!

SSSS.

e ATLAS: general purpose

e CMS: general purpose

e LHCb: b-quark physics

o ALICE: Heavy-ion (lead-lead)
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Tile calorimeters
LAr hadronic end-cap and
) forward calorimeters

Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

e Subdetectors highlight (for 0-lepton analysis):
o Calorimeters: jets
o Inner tracker: b quark identification
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General outline of a SUSY search at ATLAS

e Divide the signal “grid” into regions m.o]  Signal region aims
with similar final state kinematics X
o Identify backgrounds which can fake 200~
your signal signature
e Find handles to reject background | 100f
e Estimate background from Monte Carlo

(MC) simulations

¢ Control regions (CR): Normalize the ~T
MC for specific background K)

e Validation regions (VR): closer to SR ?E;
and check normalization and shape S SR3 SR2

3 CR2 VR2
e Unblind and look for excesses

e If nothing is found, set limits on CR1 VRI SRl\

models / observable 1
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Signal signature

Direct stop production with each t — t + P

Tops decay to W-boson + b-quark

2 LSP’s results in large missing energy (EMiss)

2 b-jets from top decay

More jets from W decay

Ideally: 6 jets (2 of which are b-jets) and missing energy

e 2 Top masses can be reconstructed

miss Jet

T
]

jet

jet
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Possible backgrounds

Semi-leptonic tt

miss
g LS Ef

e Dominated by 7 decays

e Only 1 reconstructed top mass

e 7's mimic jets but have less
tracks associated with jet

° E{Piss near 7 jet

Other backgrounds
o Z/W + bb, c¢ from gluon
o 7/ —vv —= N\
e W — (v
e Irreducible hadronic tt + Z — vv
e Has 2 b-jets, 2 top masses, and E{“iss
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Discriminating signal from background

ATLAS

>
8 -e- Data
8 5=8 Tev.J Ldt=20fb" Ot
) L. i miss 2 Preselectio |:|W+1515
e Strongest discriminator is Ef B10°F- - mix )= (550.300,150) Gev (oxtoo) LI Single top
: w ~ Diboson
e Amount of E{"* in signal “m mx)= (500200) GeV (0X100) g e
WiV

depends on m; and mgo

o Compressed region: low E%”SS
e High m;: high Emiss

e Baseline E{-“iss > 150 GeV
e Highest EMMss > 400

Data / SM
o [
[y

SELccv v Lo Lo Lo Lo Lo ra L

Total SM

100 150 200
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Semi-leptonic tt rejection: T-veto

Semi-leptonic tt background mainly from t — b+ W(— 7+ v)
Hadronic 7 decay is dominant source of background

e Most common decay into 1 and 3 pions
Identified by:

o Jet with <= 4 tracks
o A¢ between jet and EX* small (A¢ < 7/5)

Events with such a 7 jet are vetoed

Hadronic 7-decay

suoJpey Jo 18[
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b, min

More tt rejection: m7

« mr = \/pip3cos(20)
° m#’m'n: mT between b-jet closest to E{"iss and E{“iss

e tT background has cut off at m2™" ~ 175 GeV

" ATLAS | ‘ o Daazorz |

>
—> =jets 2
=j [0} J~ s 4444 SM Total
—>=Db-jets Q L dt=20.1 fo”, ¥5=8 TeV =t
- r Common selection @ Single Top
© 1000 v
5 r [
> K3
w o pigoson
p— i, 7)=(600,1) Gev
vﬁi?}:(mn,zoo,mu) GeV
S
L4
X
=
2]
~
S
©
o

EMss 7-veto, and m> ™", effectively reduce tF contribution J
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Signal region example: high my

Signal region aims
Low Top pr1 High Top pt

W  boost
—_

mz

o At higher my, tops can have high pr (boosted)
e Jets from top become collimated
e Can reconstruct top mass from jets with a certain cone
e Same algorithm (anti-k;) used in jet recon is used to form “top jets”
but with different parameters (R = 1.2)
e Top masses reject background: 2 top masses should be present in
signal
e Semi-leptonic tt should only have 1 top
o Z/W-+jets should not have any tops
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Control region example: tt

E 200 ATLAS o Damzoiz ]

0 Ldt=20.3fb™, {s=8 TeV g SM Total 7

— = t —

e Require 1 lepton = 2 150 feRISRa Wl st ]
. . S | v E

orthogonal to signal region = + =1 .

. Similar definition to signal 100 e
region .

e 2 b-jets, 50 -

o EMss > 150 GeV ]

e Some modification to - o —
enhance tt purity ” 7

s -

3 4

300 i

mY a2 [GeV]

Good agreement between MC and data ]
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Final background composition (highlight)

Low EIMsS, loose top reco High EM'ss, tight top reco

tt = 10.64 4+ 1.90

ttV = 1.80 + 0.59

Z =142+0.53

W = 0.95 + 0.45
Other = 1.00 £ 0.35

Total: 15.8 + 1.9

tt = 0.49 + 0.34

ttV = 0.50 + 0.17

Z =0.68 +£0.27

W = 0.06 £ 0.08

Other = 0.63 £ 0.34

Total: 2.4 + 0.7

Other contains: single top, dibosons, and multijet (negligible)

Background contribution changes drastically for different kinematic regionsJ
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Unblinding example: E™S after all other requirements

> —r : — S — : —
[} ATLAS o Data2012 © 6 ATLAS o Data2012
o 3444« SM Total 1 O L 1444« SM Total
3 s Jl dt=20.110", /5 = 8 TeV [ 3 _[L dt=20.1 0",/ = 8 TeV =
~ @ Single Top ~ [ @ Single Top -
@ 10~  SRA1,SRA2 vy 2 SRA3, SRA4 iy
= L [ 1 = r [ 1
g -’ g -z |
@ ) Dibgson 1o 3 Dibgson
— (t,%,)=(600,1) GeV L — (t,X,)=(600,1) GeV |
= | 0 L |
600 800 400 600 800
ET™ [GeV] ET™ [GeV]
Number of events SRA1l SRA2 SRA3 SRA4
Observed 11 4 5 4

Expected background 15.8+19 4.14+08 41409 24+0.7

No significant excess over background:
In any of the stop searches (0, 1, 2-lepton, and more final states) }
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Event display

CATLAS
2 EXPERIMENT

Run Number; 215571, Event Number: 13555486

Date: 2012-12-04 19:34:20 CET
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Interpretation of results: simplified models

Interpretation of stop searches in terms of
simplified models
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Stop 0-lepton limits: BF(, — tX1)=100%
e Limit considering only O-lepton stop search
e Limits assume 100% decay to t + K°
e At high 7, low T° mass:
e Expected limit of 275 < my < 700 GeV
e Observed limit of 270 < m; < 645 GeV

i, production, B(f; — t7;)=100%

ATLAS susv,

‘theory

bserved limit (10,
- Expected limit (+10,,,)
-——-~ Observed limit (2011, Vs = 7 TeV)

[GeV]

Mo

_[ Ldt=20.1fb", Vs = 8 TeV
All-hadronic

All limits at 95 % CL
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Stop O-lepton limits: varying BFs

e Considered additional

t:t: production, t: - t)'(:) or t~ - bx (m =2xmz)

& %500:AVTLAyHHNHHWHWHVBFOHH:
BF(t + X°) 8 b iy
£ ok _I-Ldt:20.1 b, Vs=8 Tev BaT5% (obs)
e 100%, 75%, 50%, 25%, E All-hadronic " Bos0% (abs)
0% *%E Excluded Limit at 95% CL e o)
= %0 o 0% (ﬁfi)
e Only other decay: b+X1 250 " o)
e Designed SR’s for 20
kinematics of this channel 150F s
~0 E ;
e At BF(t + X" )=50% and " \,
50 A‘*TT
~o<6OGeV exclude 55"H‘H‘“"H“H“HH"‘?T"TS'?G‘V_
250 < mt < 550 Gev 00 300 400 500 600 700 m [Ge\f;]
Set tight bounds, even at BF=50% J
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0 and 1 lepton combination

e Combination of 0 and 1-lepton stop results
e For BF=0, 25, 50, 75, and 100%
e No excess over background

e Sets stringent limits: mz < 700 (m; < 570) GeV at BF=100%
(BF=50%)

o F0 ~ F0 st st )0
£, production, f;> t7; { production, {7, /b7, %,» Wi, m =2 m,s

DT e e o T e o e LA
E T E = ~ L
8 E ATLAS —— Observed limit 18 E  ATLAS x=BR(L> 17)
= 400— . — = ey
~, 400k " =
& E {5=8 TeV, 20 fo”" Expected limit (+10,,) & 400~ 5gTev, 201" =
350" 4oLt1L combined Alllimits at 95% CL = E  toLtiL combined E
= | 350 — x = 100% -
300 v 0L (Expected limit) — E — Observed limits ===~ Expected limits Al limits at 95% CL E
S HL (Expected limit E 300(— B
250/~ 3 = 7
200— 3 E B
150 3 E =
100 —
50 —
e T b d

Lo L Ly i H
200 300 400 500 600 700 800 300 400 500 600 700 800
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Combining all Run 1 stop searches

:
H

3

 production, {5 b 17 /T o 75 / T WH T/ T t 77
T

L
8 E ATLASJ) E=8TeV, 20"
. . - o oEtet t0Lt1L combined O,
e Includes searches with different  Zowor mi e R
. . b= b
kinematics - R e ; /
E =miobiry te, tiL 170 180 190 200 210
° Off_She” tOp and W 300?— Observed limits AIIIimi(salQS%CL’W‘[Gev:
e Additional decay modes: 20 E
t; —charm+LSP 200 E
e Spin correlations measurement: ts0F- E
enhanced sensitivity when E
mz ~ Mg + Mo i
700 800

m; [GeV]

Many kinematic regions covered! J
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TLAS is not alone!

e CMS performs similar searches

o Similar results: 250 < m; < 750 GeV excluded (at 100% BF)

:

f-fproduction, - t%/c g’
=

PP )
Hyproduction > b1 2, /1> o%, /1> W, /i 1, < 700 [ e
T B B e > [ 7
& [ATLAS fesTou 010" £ FCMS Preliminary — Observed ]
O, E e=io combine r ]
S 400~ = é 60015 = 8 Tev --- Expected 1
C Lo WbybifyE, ww F 4
asof Emiowe? | uLel a FICHEP 2014 ]
E mmioc? © 2 5oo[f — sus-13.011 Liep (Mva) 195 b |
E EWiobIfE te, L [ = SUS-14-011 O-lep + 1-lep + 2-lep (Razor) 19.3fb™ ]
800" __ Observed limits -+ Expected limits  Alllimits at95%CL | [~ SUS-14:011 Oep (Razor) + 1-lep (MVA) 193 b ]
E & . ] 400 — SUS-13:009 (monojet stop) 19.7 o (T~ ¢ X.) 4
:— —: [ —— SUS-13-015 (hadronic stop) 19.4 fb™* ]
E E 300~ -
E 2001~ 4
1 1001 B
1 MMAAAT Y S

TR 100 200 300 400 500 600 700 800

m; [GeV]

stop mass [GeV]

Superseded by SUS-13-023-PAS

Strong limits from both ATLAS and CMS J
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Sensitivity to other production modes

BR({, — Zt)
1 me = 500 GeV
me = 120 GeV

e There are 2 stops: light stop = 1,
heavy stop=t;
e Searches are aimed %; production
o If my ~ my: difficult direct #;
detection
e Similar to top production with

low Emiss "
e Sensitivity to T, — t + K0 N ,

1= 0 0
BR(, — M) BR(, - )

becomes dominant = similar

signature as t; search
3 decays of t» considered

e BF limits can be shown in triangle

oA, - 2) bR, - 20)

m; =500 GeV'

m, =350 GeV
m,: =20 GeV/

m =20 GeV

1= o, oy =
BR{E, - ) ° BR{, — 7)) BR{, — ) BR{, —~ 7,)

. Observed t2t1Z

. Observed t2t1h = = = Expected t2t1h
D Observed tO/t1L comb. = = = Expected t0/t1L comb.

= = = Expected t2t1Z
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pMSSM interpretation of 3rd generation results

Interpretation SUSY searches in terms of
pMSSM models
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pMSSM intro

e Minimal extension of the Standard

Model Q Nt
e R-parity conserving and X% is LSP =

causes signatures with EJ'ss
e p = phenomenological = constrained
by experimental observations
e Results in 19 parameters Q O
e X9 possible model points, X = grid

spacing. Need more reduction! SUSY

Use many analyses Run 1 searches + more to further constrain pMSSM )
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Total of 22 analyses used, each with many

signal regions

Initial pPMSSM models considered with
random sampling of parameter space

e 500 million model points
Apply more experimental constraints:

e Pre-LHC direct searches, precision
measurements, dark matter

300K remaining model points
¢ 30 billion events generated
45K models went through detector

simulation
e 600 million events

Scope of pMSSM scan

Analysis

0-lepton + 2-6 jets + ERiss
0-lepton + 7-10 jets + Emiss
1-lepton + jets + Eiss
T(1/0) + jets + Efr"iSS
SS/3-leptons + jets + EMmiss
0/1-lepton + 3b-jets + Ep'ss
Monojet

0-lepton stop
1-lepton stop
2-leptons stop
Monojet stop
Stop with Z boson
2b-jets + ERss
th+ER™ | stop

th

2-leptons

2-T

3-leptons

4-leptons
Disappearing Track

Long-lived particle
H/A— 1F7~

Massive effort to understand pMSSM parameter space constraints J
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pPMSSM experimental constraints

Parameter Minimum value Maximum value
Ap -0.0005 0.0017
A(g - 2), -17.7x 10710 43.8x 10710
BR(b — sv) 2.69x 107 3.87 x 107
BR(B; — pty”) 1.6 x 1070 42 %107
BR(B* — 77v;) 66 x 107° 161 x 1076
Q )Z?hz — 0.1208
Dinvisible(susy) (Z) — 2MeV
Masses of charged sparticles 100 GeV —
m(yy 103 GeV —
m(iiy 2, d1.2, €125 51.2) 200 GeV —
m(h) 124 GeV 128 GeV
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Effect of experimental constraints and nature of LSP

e Compared effect of constraints for various models:
° )20 is mostly Wino-like, Bino-like, Higgsino-like
e Bino-like models tend to overproduce dark matter
e Spectra with additional annihilation channels preferred

s - 13
() FATLAS wee B-like LSP ) FTATLAS ]
s SWhelse | g oy f
500" Rkels 45 |
(V] "} = (]
° r - B ° x 1
] L B ]
= r 1 = I P 17
50.02- o 50 100
s | 508 S0 -
g I i - Blike LSP
,_‘;001; 1 T --Wllke LSP
l ] I — H-like LSP |
oL N B B R 0”‘ .. -
0 1000 2000 3000 4000 0 500 1000 1500 2000
m(@) [GeV] m() [GeV]
Low Gluino mass preferred in bino-like models
Bino-like models clustered around Z and Higgs mass
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Effect of constraints on sparticle masses

% T T T [ T T T T [ T T T T [ T T 17T

O L B

o 0.06- AILAS -

(3] | r| |

L) L ]

(5}

° L B

o

=0.04 .

S L ]

c

= r 1

S L A

8

L 0.02- -
s ~ g

O J"' o b L e e

0 1000 2000 3000 4000

Sparticle Mass [GeV]

Even before ATLAS results, few models have low stop (and sbottom)
masses J
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Constraints on gluinos after ATLAS SUSY results

e Gluinos (partner of gluon) ATLAS pMSSM: i LSP
have highest production cross > SRR I &
> g $ | (s=8Tev,203fp7
section —~ 1000~

g - qu{f [1405.7875]

o
©

Fraction of Models Excluded

e White line: searched aimed at@;
finding gluinos -
e Dedicated search excludes
nearly all pMSSM points
within mass limit
e Additional searches extends
reach

°
2}

500

°
~

o
[N

e High gluino mass/low X°

mass % 500 1000 1500 2000
e Compressed region m(@) [GeV]

Disappearing track and monojet searches extend sensitivity in g/ioplane J
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Constraints on squark

e Squark = 15t and 2"d ATLAS pMSSM: le_sp
generation quark partners
e Dedicated searches
assume 8 fold mass
degeneracy
e Higher production 600
cross section
e pMSSM doesn’'t make 400
degeneracy assumptions
e Simplified n_10de| _ 200
(dashed white) with
4 x reduction in

[N

i . . —- ax, [1405.7875]
[ /s=8TeV,20.3fb"

....... 34 - X [1405.7875]

o
¢

T

1000
3
S
@H 800
£

T

T T

o
~

T
o
()]

Fraction of Models Excluded

o
N}

agreement with 0o 500 1000 1500 0
pMSSM bounds m@) [GeV]
Absence of degeneracy assumptions gives more robust bounds J
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Dependence of constraints on squark type

e Simplified models assume chiral degeneracy
e Sensitivity to right-handed squarks is reduced
e Lower production (no doublet)
e Different decays

Left-handed Right-handed

ATLAS pmssm: K Lsp ATLAS pmssM: ¥’ LsP

1000

———
[ Vs=8TeV,20.3fb™
/4 ~ i’ [1405.7875]

———
(s=8 TeV, 20.3 fb™*
d/2 - qi’ [1405.7875]

o
0

Fraction of Models Excluded

o
©

m(K’) [GeV]
[er]
8

[o2]
o
o
T T
o
o
[«2]
o
o
T
o
[<2]

e
o
IS
T

o
~

Fraction of Models Excluded

B

o

N}

)

o

S
B

o

)

S
S oA

1000 1000
m(@,) [GeV] m(@,) [GeV]
Bounds depend on chirality and type of squark )
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Constraints in stop/neutralino plane

Limits from all analyses Limits from 3rd gen analyses

ATLAS pMssM: ¥° Lsp ATLAS pMssM: ¥ Lsp
3'800“‘\“‘\“‘\‘~“\‘1“ 1 ;800“‘\“‘\“‘\‘__“\‘1“ 1
3 | (s=8Tev,203 b7 T, - Wbk, 3 | s=8Tev,203fb7 »T, - Wbk,
 sol —f - =1, - bt Hosg 2 sol —f - =1, - bl o
£ 1S3

I3 gen. searches

=
=3
o
=)

400 400

o
IS

Fraction of Models Excluded

o
»~

Fraction of Models Excluded

200 200

o
[N}
o
[N}

0

600 800 1000 0

0 600 800 1000
m(t) [GeV] m(t) [GeV]

e Limits from 3rd generation (stop and sbottom) searches cover the my
region well
o Additional searches significantly help constrain high m; region
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New neutralino constraints

_ _ ATLAS pMSSM: X LsP
e Dedicated searches require 5 600 gl o
. o I Vs=8Tev,20.3fb™ Electroweak searches °
multiple leptons e PR WO 3
—~, '~ wOkz%’ 1140352041 0.8 2
e Assumes ¥5 — ¥ + Z = .
. 400 ©
e pMSSM allows many cases with 063
low %9 — %% + Z BF 5
2 1 5}
. R O4C
e Reduction of sensitivity 2001 £
e . ~0 L <
e Greatest sensitivity at high X3 I 0oL
mass due to disappearing track i
analysis 6008001000 °
m() [GeV]
Strongest bounds are not from dedicated search! J
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Dark matter relic density

e Qcoh (Dark matter relic density) = current amount of dark matter
e Project pMSSM model points onto mfco/chOh plane
e Compare pMSSM models on plane before and after new ATLAS limit
o %° is a mix of various SUSY fermions (gauginos)
e Which fermion is dominant has strong effect on DM production

Before ATLAS

10"
10?
10° !
I W-like LSP -
ATLAS M B-like LSP |
, Before ATLAS Run 1 M F-like LSP |
10° . . h . J
10?7 10°
m(@)) [GeV]

After ATLAS

" I W-like LSP

ATLAS [ | Q-I:ke LSP
After ATLAS Run 1 M F-like LSP
10? 10°
m(x}) [GeV]
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Effect on Higgs coupling

o 10T 3

o Considered effect of SUSY % e 20a Ess“é;f?,:iims runt ]
searches on higgs to LSP 2 %—A"[e'ATLASR”"]l E
coupling “§§ R E

e Only bino-line LSP's with £ m@) <65Gev I
m < 65 GeV 2 '

e No wino or higgsino models
meet relic density constraints

e Compared with observed bound

from direcg sgarch result: S Oswu S
BF(h_>XX)2022 i R e v
BR( - XX
Lower BF(h — 560%0) are preferred by SUSY searches J
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Do ATLAS results prefer less fine tuning?

e Fine tuning defined by p and A
e Tested for various LSP types separately

x10° x10°
@ e —— — © e —— =
3 [ ATLAS pMSSM: ¥ LsP 1 3 L ATLAS pMSSM: Fi-like LSP
) 157(— 1 [ Before ATLASRun 1| ) = 1 [ Before ATLASRun 1
s | s=8TeVv,20.3fb efore un 1 | = L Vs=8TeV,20.3fb efore un 1 |
5 L I After ATLASRun1 | 5 s I After ATLASRun1
g [ ] gz 10- .
o = - Qo L i
§ 10- : E | |
=z t g =z
L 4 57 —
5 - L |
0
_ Lo | _ L !
[} | [=} |
X R < k.
E obt R i E oy .
10? 10° ) 10* 10? 10° ) _
Fine-tuning Fine-tuning

No shape difference: ATLAS has little to say about fine tuning
Except in Higgsino case J
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What's left?

e How does a pMSSM model that isn't excluded look?
e Consider the most “natural”:

e “natural” = lowest stop mass so that top/stop loop cancels maximally
e Most “natural” that evades all bounds: m; ~ 800 GeV

e Stop exclusion reminder: my < 750 GeV

3
@ 4000 - =
‘@ ba
8 3600
=
3200 —
2800 -
2400 -
2000 —
1600 — .
1200 - | dn 52
S . / L by
800 - n ST ——h
400 |- W
8 X
Bo X2 -—%f ‘3
0 % X
This model seems to have just escaped our reach! )
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Summary of sparticle mass bounds

ATLAS V\s=8TeV, 20.3 fb™'
= 2000 o
© 3
o, 3
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Sparticle
Black areas are robustly excluded )
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Run 2 schedule

Vs =13 TeV

~100 pb~! of 13 TeV 50 ns data collected
~ 2 —4 fb~! by the end of 2015

~ 100 fb~! by end of Run 2

2015 2016 2017 2018 2019 2020 2021
Q1{02/Q3/Q4|Q1{02]Q3{Q4|Q1{Q2/Q3{Q4|Q1{Q2{Q3{Q4|Q1/Q2{Q3{Q4|Q1]Q2{Q3|Q4|Q1[Q2{Q3IN4

Run 2 LS 2

Physics
Shutdown
Beam commissioning

- Technical stop
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Run 2 considerations

e Increase in /s

e Factor of ~10 increase of cross
section for m; = 800 GeV
e More boosted topologies
e Background cross section increases:
e tt ~ 3x
o W/Z+jets ~ 2x
o tt+Z7 ~ 4x
e Run 2 comes with challenges
e Higher trigger thresholds o
e Run 1: EJ™>150 Gev ™00 600 800
e Run 2: ET'*>250 GeV stop mass m; [GeV]

e Different background makeup arXiv:1205.2696 [hep-ph]

Cross section [fb]

Js=8TeV ™
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Run 2 has started!

> F T T T T =
- . g e ATLAS  Preliminary éﬁ?@zglfv =
e 13 TeV data taking started in Lo N e ]
2 0 T3
May/June § F \s=13 Tev,J'Ld1~epb" ]
e With 50 ns proton bunch Yol -
spacing E 3
. _ . H . 10 =
o With 6 pb~1: first EXsS studies g E
e Data/MC comparisons in o JE ke
W — ev events § e et t
® 50 100 150 200 250
TST ET™* [GeV]
Good MC/data agreement! J
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Run 2 and beyond

S1OOTTAS dimuratoh Pratmihary 3
. — () 3
e Run 2 should yield ~ 100 fb=!  Seoo _ 0 1" (quo-50) 80 dscovery 3
o Vs=14 Tev +2300 fb* (<1>=60) 95% CL exclusion E
by 2018 2000 Sy ey,
y " o0 S e B
H H H -lepton): . limit
e High Luminosity LHC planned: 600 o (epton):85% G cbe- Il 3
tOtaI data ~ 3000 fb_l 500£-0 and 1-lepton combined .. E
. "’““‘-‘ ' 3
e What if early data shows no ;‘gg
. >
signs of SUSY~ o 200 3
o Will more data yield insight? 100

1000 1200 1400
nkmp[Ge\q

T N
200 400 600 800

Due to small cross sections at high stop mass more luminosity is important
for search
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e Searched for direct stop production
e Found nothing!
e Set limits on m;, mgo
e m; > 750 GeV for low mgo
e Constrained pMSSM parameters space

\s=8TeV, 20.3fb™"

n
(=]
S
[=]

£ 1500 LE
[}
y £
E 5
] g
E g
E w

600 0 e: Sparticle

m; [GeV]

Is SUSY just around the corner? Run 2 will tell us! J
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Backup
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Expected background: details

Parameter Min value Max value Note

mg (=mj,) 90 GeV 4TeV Left-handed slepton (first two gens.) mass

meg, (= mg,) 90 GeV 4TeV Right-handed slepton (first two gens.) mass

mi, 90 GeV 4TeV Left-handed stau doublet mass

Mgy 90 GeV 4TeV Right-handed stau mass

mg, (= mgy,) 200 GeV 4TeV Left-handed squark (first two gens.) mass

mg, (= mg,) 200 GeV 4TeV Right-handed up-type squark (first two gens.) mass
mg, (= mg,) 200 GeV 4TeV Right-handed down-type squark (first two gens.) mass
mg, 100 GeV 4TeV Left-handed squark (third gen.) mass

M, 100 GeV 4TeV Right-handed top squark mass

mg, 100 GeV 4TeV  Right-handed bottom squark mass

| M| 0GeV 4TeV  Bino mass parameter

| M5 70 GeV 4TeV  Wino mass parameter

|l 80 GeV 4TeV Bilinear Higgs mass parameter

M3 200 GeV 4TeV  Gluino mass parameter

[A;] 0GeV 8TeV  Trilinear top coupling

|Ap| 0GeV 4TeV Trilinear bottom coupling

[Az] 0GeV 4TeV Trilinear T lepton coupling

My 100 GeV 4TeV Pseudoscalar Higgs boson mass

tan 8 1 60 Ratio of the Higgs vacuum expectation values
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Left vs right handed squark/sleptons sensitivity

o Check sensitivity if squarks or sleptons are dominantly right or left
handed
e Sensitivity tends to be better if mostly left-handed
e Left-handed doublet requires mass degeneracy between up and down
type
e For sleptons sensitivity is lower for right-handed sleptons
e Due to lack of left handed weak decay modes in right handed squarks
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Left and right handed up squark limits

ATLAS pMssm: K Lsp ATLAS pMssM: ¥ LsP
<1000 — I 3 <£1000——————————————+— 1
B [ Vs=8Tev,203fb7™ T 8 [ (s=8Tev,203m™ %
o I - 2 0 N E:
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Left and right handed down squark limits

ATLAS pMssm: K Lsp ATLAS pMssM: ¥ LsP
<1000 — I 3 <£1000——————————————+— 1
B [ Vs=8Tev,203fb7™ T 8 [ (s=8Tev,203m™ %
o I - 2 0 N E:
e Boo —— @2 - ak, [1405.7875] 088 g 00 —— 34 - o [1405.7875] 082
E - 2 £ - 2

r © r °
= o =
600 062 600r 062
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[ g [ 3
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1000 1000

m(d,) [GeV] m(dy) [GeV]
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Left and right handed slepton limits

ATLAS pMssm: K Lsp ATLAS pMssM: ¥ LsP
< 60—l < 600l
3 - s=8 TeV, 20.3fb™" 5] L Vs=8 TeV, 20.3fb™
& [—h- 1% [1403.5294] 08 @” F— Ty - 1% [1403.5294] 0.8
400L-Electroweak searches €

400-Electroweak searches

T
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Expected background: details

Analysis All LSPs | Bino-like | Wino-like | Higgsino-like
O-lepton + 2-6 jets + E‘Tniss 32.1% 35.8% 29.7% 33.5%
O-lepton + 7-10 jets + E}“i“ 7.8% 5.5% 7.6% 8.0%
0/1-lepton + 3 b-jets + E‘TniSS 8.8% 5.4% 7.1% 10.1%
1-lepton + jets + E‘Tniss 8.0% 5.4% 7.5% 8.4%
Monojet 9.9% 16.7% 9.1% 10.1%
SS/3-leptons + jets + E‘Tniss 2.4% 1.6% 2.4% 2.5%
T(7/0) + jets + E}“i“ 3.0% 1.3% 2.9% 3.1%
0-lepton, stop 9.4% 7.8% 8.2% 10.2%
1-lepton, stop 6.2% 2.9% 5.4% 6.8%
2b-jets + E;““ 3.2% 3.4% 2.4% 3.8%
2-leptons, stop 0.8% 1.1% 0.8% 0.7%
Monojet, stop 3.5% 11.3% 2.8% 3.6%
Stop with Z boson 0.4% 1.0% 0.4% 0.5%
tb+E¥“SS,stop 4.2% 1.9% 3.1% 5.0%
Ch, electroweak 0.0% 0.0% 0.0% 0.0%
2-leptons, electroweak 1.3% 2.2% 0.7% 1.6%
2-taus, electroweak 0.2% 0.3% 0.2% 0.2%
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