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The Standard Model of
elementary particles is a very
successful theory.
y So what's the problem?
PreC|s_e predictions, Ve”f'gd byf — Need high-levels of fine tuning to avoid
experiment over many oraders o quadratic divergences in Higgs mass corrections

production rate. — No explanation for Dark Matter
— No unification of the forces
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Supersymmetry

Standard Model

Superpartner for
every SM particle

+ Spin differs by one half

+ Mostly heavier than SM
partners - broken symmetry

+ Rich array of signatures
to search for at the LHC

| Quarks . Leplons . Force parlicles Squarks J Sleptons o El:rﬁ:l;r;rce
m/xmg ~ 0 ~0 ~0 ~0 Mixing ~0 ~
w*w'B W=Zvy HS “w' B’ X? Xg XB X4 neutralinos

~ o~ o~ o~ MmiXing | 4 .
H H;, W W = %% charginos

H t H o oo So what's the problem?

ol — Need high-levels of fine tuning to avoid
guadratic divergences in Higgs mass corrections
New superpartner loop — No explanation for Dark Matter

roughly cancels the SM loop
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— No unification of the forces
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Supersymmetry

Standard Model SUSY

Superpartner for
every SM particle

Py
B . |
Higgs C 5‘: :‘:

Higgsing

+ Spin differs by one half
+ Mostly heavier than SM
partners - broken symmetry
+ Rich array of signatures
to search for at the LHC

| Quarks . Leplons . Force parlicles Squarks Q Sleptons o SUSY force
particles

If R-parity if conserved, lightest
SUSY patrticle (LSP) is stable

p,= (-1t So what's the problem?

+1 for SM patrticles, -1 for SUSY patrticles : . i .
J— Need high-levels of fine tuning to avoid

In many models, LSP is commonly uadratic divergences in Higgs mass corrections
lightest neutralino 5((1’ — No explanation for Dark Matter

~ good dark matter candidate! — No unification of the forces
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Supersymmetry

Standard Model SUSY
u c t Superpartner for
~ W A every SM particle
Higgs {".'-;af S D Higgsino

+ Spin differs by one half

+ Mostly heavier than SM
partners - broken symmetry

+ Rich array of signatures
to search for at the LHC

| Quarks . Leplons . Force parlicles Squarks Q Sleptons o SUSY force

particles
60 T T T T T T T T
S SM fails to unify
50 b o N\~ theforces = High unification scale also resolves
" N iIssues with proton decay
-1 ////”/’/ // // = -~
TR . s So what's the problem?
3 —
20 - 7 ]
P 5#;‘;;:” J— Need high-levels of fine tuning to avoid
NS forces | uadratic dive_rgences in Higgs mass corrections
ok — No explanation for Dark Matter
2 4 6 8 10 12 14 16 18

Log,,(Q/1 GeV) — No unification of the forces
arXiv:hep-ph/9709356 .
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Supersymmetry

Standard Model

U Superpartner for
g every SM particle
Higgsing
+ Spin differs by one half
+ Mostly heavier than SM
partners - broken symmetry
+ Rich array of signatures
to search for at the LHC
| Quarks . Leplons . Force parlicles Squarks O Sleptons Q SUSY force

particles

After the discovery of the higgs with mass ~125 GeV, there is renewed interest in
accomodating higgs in SUSY models to help stabilise the higgs mass.
To avoid high levels of “unnatural” fine tuning, some sparticles need to be light.

m 2 2 For natural SUSY (low levels of fine tuning)
" i+ alirel SU
2 - Light higgsinos
3 o
om|,_=- g;:' (2, +m, + |4, )]ﬂ( V] »L}ght stoP(<1TeV)
- Light gluinos(<1—2 TeV)
2 2y a, 1. o A
orm| e = | [ MS[ 10| Weak-scale SUSY needed for naturalness
T N\T TeV

should be seen at the LHC!
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Supersymmetry
~N

(" . .
- _ (_1)3(B=L)+28 No reason to assume conservation of R-parity
R-Parity P,=(-1 ; .
Can constrain proton decay with lepton or baryon
B, L, S: baryon, lepton, spin _ violating SUSY, but not both
+1 for SM patrticles, -1 for SUSY patrticles LSP decays ~ no dark matter candidate p

L-number violating terms

The
MSSM CDCDC
: ) 'k
potential j 3_;/,
“x_(,r“'
B-number violating terms
RPV
couplings
}\‘ ; }\ r, 7\‘ r
)‘:/311 -0 >\132
RPV can be at the production vertex
and/or at decay vertices d
( RPV also lead to Long-lived SUSY particles can also arise from A
non-prompt decays - Heavy mediator sparticles e.g. Split SUSY
if A couplings are small - Mass degeneracy
< - Weak couplings y
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Supersymmetry models

Physics model e.g. MSUGRA/CMSSM

0%

A typical SUSY spectrum involves
+ many sparticles with different masses
+ many different possible ways for each to decay

Where do we start looking?
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Supersymmetry models

Physics model e.g. MSUGRA/CMSSM

0%
A typical SUSY spectrum involves

+ many sparticles with different masses
+ many different possible ways for each to decay

Focus on process of interest
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Supersymmetry models

Physics model e.g. MSUGRA/CMSSM

Simplified model
Study a specific
decay chain

~

(ur dr cr S)L

el p

X1

k|
0% X1
+ Small number of sparticles,

A typical SUSY spectrum involves assumed BR — usually 100%.

+ many sparticles with different masses + Described by masses and
+ many different possible ways for each to decay cross-sections.
+ Simple and broad approach for
Focus on process of interest designing SUSY searches.
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Experimental setup: Luminosity and pileup

~ 22 fb?! collected at Vs = 8 TeV
~ 5 fb! collected at Vs = 7 TeV

with ~ 90% of the delivered data

Most results presented here use
the full 8 TeV dataset

being good for physics
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Total Delivered: 22.8 fb™
Total Recorded: 21.3 fb™
Good for Physics: 20.3 fb™
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EEN
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Day in 2012

Large luminosity results in large pileup
(number of interactions per bunch
crossing)

Pileup suppression strategies have
been carefully developed



Experimental setup: The ATLAS detector

Inner Detector

3-level trigger Silicon pixels & strips + TRT straws

Rate 40 MHz - ~400 Hz Precise tracking and vertexing, electron/pion separation
p resolution o/p, ~3.8x10* p, (GeV) & 0.015

44m long
25m diameter

=TI “‘i |

Pb-LAr accordion
Electron/photon id & measurement
E resolution o/E ~10%/VE

Muon Spectrometer HCAL
Air-core toroids with gas-based muon chambers Fe/scintillator tiles (central), Cu/Q-LAr (fwd)

Muon measurement . T
- Measurement of jets & missing E
resolution a/p<10% uptop ~1TeV ) T
P P ouptop E resolution o/E ~50%/VE @ 0.03
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Experimental setup: Object Performance

1.05

> _| T | T 1 T 1 | L T T T T 1 T T T T T T | T 1 T 1 ] > 1 | T T T T 1 T T T T 1 T T T T
% - ATLAS Inl2.47 7 8 10°% ILdt:QO o' ATLAS Preliminary
kS 4 Preliminary 4 o 10° Vs= 8 TeV e Data 2012
L C 4§ & o o o O ® ® ] ~ CIMC Z - pu
< - ¢ A . 2 . B VIC tibar
= 0.95— A — < . EMC Wz
S S i B ’ 2 E_miss DMc 2z
= - Electrons . w10 T  VC WW
c 09 .
S - ] 102 1
CGCJ C Reconstruction and track quality efficiency 7
0.85— s 2011 datays=7 TeV I Ldt=47" —
- —A—— 2011 MC ]
0.8~ ° 2012 data ys=8 TeV j Ldt=207b" ]
: | | 2012| " | | | ] %
0-75"%0~""30 20 50 60 70 80 =
[}
Cluster E; [GeV] g : :
0 50 100 150 200 250
> 0l - T E™™* pile-up suppression STVF [GeV]
c E_antl -k, R = 0.4, LCW+JES + in situ correctlon ATLAS Pre||m|nary -
% 0'095 Data 2012,\s =8 TeV 3
e 0-08;_11 =0.0 [_] Total uncertainty _; a l
S E — in si 3 — : -
@ 0.07- T pooute n SIUUES E 8 | ATLAS Preliminary J Ldt=203f" {s=8TeV il
= 0.06F == Flav. composition, inclusive jets ] @ = —
© E Flav. response, inclusive jets - § - - - _ _ |
5 0.05F -1 =1 Pileup, average 2012 conditions — | - - - = |
S 0.045 E g [ i
— . = @ -
C Jet Energy Scale : < b-tagging .
. uncertainty 2 osh ]
0.02] .. = [ ] PDF method (total error) i
0.01 | e PDF method (stat. error) MV1, g, = 70%
P s e T 1 1 1 1 1 1 T — 1 1
0 entinleted --n'lnl'il.ﬁd|.-l|.dH|.Jlnuw|LJwn.a-n.un.-:n.awa'L‘LiLuuuuu-nuwauau o o el
50 30 40 102 95102 10° | 910 20 30 40 50 860 7080 10 2><1l2t [1(?;;1\2
pr [GeV] jetp,

SUSY searches with ATLAS

Tina Potter — LHC Seminar




Standard Model Background Modelling

Standard Model Need to understand

SM proce?ies can Top Multijets and accurately model
e SUSY-like V. VW, VWV Higgs the SM backgrounds
Irreducible backgrounds Reducible backgrounds
Dominant  Control regions in data generally Determined from data
used for normalisation. _
SOUFCeS  Transfer to signal regions using MC Analysis dependent
Sub-dominant sources MC

- - Blinded while
Validation developing
Validation regions used for cross-checks background
modelling
Blinded until background

Signal regions modelling is verified

SUSY searches with ATLAS Tina Potter — LHC Seminar



Reducible background determination

Matrix Method

( Fake leptons
P A few examples....
HF/LF fakes from Conversion leptons
jets from photon radiation Large, fake E_™* can be induced
I+ . .

%,& LLL< ] by a jet mis-measurement

-Y it

r

Jet Smearing

Derive a “jet response function” from MC

Estimate from data: set of linear
equations relating the kinematic
properties of the leptons to the real and
fake lepton composition of the data
sample
e.g. for a 1-lepton signature

Define “loose” (pre-selected) lepton

Define “tight” (signal) lepton

Solve set of equations

loose __ loose loose
N =N_T+N fake

real
tight __ loose loose
N — € real Nreal +€fake Nfake

Measure independently _
from data Count in data

tight ___ A\
i e i L,

and adapt it to data

core: p_ balance
in di-jet events

3.

Events / 0.05 / 23.8pb ™"
c';: 8

-
=
T

-

T@f m

ATLAS /\
3

T
+Djlb|
—Djtbl

—e— Gau

red re:

L
dl)
tmt) *;
e tail

m

0

0.5

tail: three-jet
(Mercedes) events

/ /r— :
.\\

I

\ Jet =

x'f MET *

Use response function to smeatr jets in real
data events with low E_™

- Obtain events with large “fake” E_ ™

SUSY searches with ATLAS

Tina Potter — LHC Seminar




Irreducible background determination using control regions

Irreducible backgrounds normalised to
data in dedicated control regions

i,MC
i _NSR (Ni,data_ Z Nj,MC)
CR CR

N SR~ ~1i,MC
NCR J= process

MC  Countin data MC or
“Transfer other CR
factor”

If contamination from other processes is small, all
systematic uncertainty is associated to transfer factor

uncertainty

Typical uncertainties
Experimental Theory
- Trigger efficiency - Generator modelling
- Jet energy scale, resolution M Mg,
- Lepton energy scale, ME/PS matching,
efficiency ag scale choice
- E;™ soft component - PS uncertainties
- b-tagging typically compare Pythia
- Luminosity and Herwig
- pileup modelling - PDF choice

systematic

>

statistics

contamination
—

Closeness to signal region

Need to be careful in
the choice of CR

Background determination
verified in validation
regions

Calculation done performing
a combined fit to all control
and signal regions.

Account for signal
contamination for exclusion

SUSY searches with ATLAS Tina Potter — LHC Seminar




Search Strategy

Search strategy designed to provide coverage for a broad class of

SUSY models
Long-
Prompt Gioad
-Parity- i -Pari ; RPC
R-Parity-Conserving R-Parity Violation ReC
St Various
g Weak RPC RPV ranges of
s e 3rd gen. d d nge
gen. stop EWK- prod. prod. lifetime
squarks, sbottom Inos, RPV RPV
gluinos sleptons decays decays

For each search, a number of signal regions is optimised based
on a variety of models

SUSY searches with ATLAS Tina Potter — LHC Seminar



Squark/gluino searches

10

High cross-section for strongly produced
SUSY particles at the LHC
Large yield even in small datasets

[pb]: pp — SUSY

tot

Dominates total SUSY cross-section in
many SUSY models

T \IHHW
| \\HI\I‘

10 = e.g. MSUGRA/CMSSM
Inclusive search channels
10~ » O-lepton + 2-6 jets + E._™mss

» O-lepton + 7-10 jets + E_™sig

» 1-2 leptons + jets + E_ ™
| | [ Y| | [ — | | ‘ | 1 | | | | | [ — _ _ H miss
200 400 600 800 1000 1200 1400 1600 | > 271€pton +2-6jets + E,
[GeV] 1-2 taus + Jets + E.™°  ATLAS-CONF-2013-026
Z(Il) + jets + E ™ ATLAS-CONF-2013-152
Photon + lepton + E_ ™ ATLAS-CONF-2013-144

T \IHIH[
| \\HI\I‘

average

Final state depends on decay of squark/gluino
>> new result to

% ;
1 v/ be discussed
p P t/v (since last ATLAS SUSY
< seminar on 26th March 2013)
e f/ !

p

4 ﬁ/y

9 lv
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Squark/gluino searches

0l +2-6jets + E7™

ATLAS-CONF-2013-047

Consider SUSY processes with decays to jets + LSP + no leptons

q
p
q . %
i X1
p

10 signal regions
>2t0=6jets + E™

m_. >1000 to >2200 GeV
E.™/m_ >0.15t00.4

Jet + E_™** trigger

miss jets
My = =E; " +X2p;

No significant
excess seen

4 control regions per signal region

10?

events / 100 GeV

CR SR background

CR process

CR selection

CRY Z(— vv)+tjets

y+jets
multi-jets

W(— {v)+jets

[solated photon

Reversed Ag(jet, EF)yi, and EX /meg(N j) requirements®

30 GeV < my((, EX™) < 100 GeV. b-veto

Vi

CRQ multi-jets
CRW | W(— {v)+jets
CRT 1t and single-r

tt — bbqq' tv

30 GeV < myr(L, E%‘iss) < 100 GeV, b-tag

SUSY searches with ATLAS
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Squark/gluino searches 0l +2-6jets + E7™ ATLAS-CONF-2013-047

Meaning of lines in interpretations Signal uncertainties considered
_— In vellow band
— — Expected limit _ o - Experimental uncertainties
Yellow band +1o0 experimental uncertainties - ISR uncertainty on signal MC
Up to 30% in some regions with small Am
] o In red dashed lines
Red line: Observed limit - Cross-section uncertainties

— = Dashed lines +10 signal theory uncertainties (PDF, renormalisation/factorization scales)

Squark-gluino-neutralino model|

= 2800 \I I T T I l_‘ T T I T T T I T T T | T T T I T T T ]
> v B ~0 P SUSY,
8 re“m ar : —— m(xw) =0 GeV Observed limit (£1 cmeowi
=.2600 [- \ R ER m(%,) = 0 GeV Expected limit (+10,, 7]
ﬁ = \‘ e m(%,) = 395 GV Observed limit ]
g 2400 ERURI TR~ S U Y T m(x’) = 395 GeV Expected limit B
EI and g pFOdUCtiOD 'Efu 2200 = | — m(Z,) = 695 GeV Observed imit ]
g_ - ----- m(i?) =695 GeV Expected limit _
0 2 5000 — | ] 7TeV (4.71b") m(i;) = 0 GeV Observed—
— TN ( ) =0 GeV = - . =
X1 1800 [— . —
~ O — =
I m ( Xl ) : 395 Gev 1600 :_ l“““"—';':.'. ......... _:
~ 0 = D ——
—— m(%;)=695 GeV  1a00 - =
1200 [ ~ ~
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Squark/gluino searches

Consider SUSY processes with longer decay chains

q

Signal regions
High # jets + b-jets or

q

— more jets

Complimentary to previous
analysis

Multijet trigger, possibility to
look at lower E_™ss

E.mss/VH_ 1 > 4 GeV'?
High # jets + high mass
composite jets - “fat jets”

_ jets pr>40 GeV
H.=2p;

Dominated by multijet background
Use E_ ™/ VH_ shape in data from lower jet multiplicities

Use same number of b—jets in CR and SR to get the template

for every SR

Only need to adjust out of cone energy for every Njets bin

SUSY searches with ATLAS

No significant excess seen

Tina Potter — LHC Seminar

01+ 7-10jets + E;*

arXiv:1308.1841

5 ® Data
10 ATLAS 4 Total background
JL dt=20.3fb 1 Multi-jets
4 = C—Jti>qglll
10 Ns=8TeV . Sing?e top
. W,z )
103 [0 W v +b-jets
N W — v + light jets
[ ] ZN—EVV, Il + jets
102 Tl e [9.,11900,150] [GeV]

2 10 jets p, > 50 GeV

Events / 4 GeV'"?
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5 2F '
B o4, |
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‘Q_ L | L I L | L [ T 1T 7T | L | L | T 1T
> 8 D
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*2106 No b-jets I e W,Z )
S E CCI W= v +b-jets
>10° I W - v + light jets
L H Z -V, Il +jets
10 e [9,1:1900,150] [GeV]
e 7 jets p_ > 50 GeV
10° [
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A A A A R A AN ———
.....................
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I b )
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O frrrrrgrrTT 8

ary

Data / Prediction —

2 4 6 8 10 12 14 16
ET®/\ H; [GeV'"?]



Squark/gluino searches 01+ 7-10jets + E;* arXiv:1308.1841

&9, 3~ qWZX, m(@)=Im@+m@El2. mEx)=Im(x)+mE )2 9. 3 qaWi,: @, )=[m(@)+m(,))2
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S F ATLAS [Ldi-=20310" ] 3 - ATLAS [Ldi-2031b" .
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Squark/gluino searches

11+ 3-6jets + Ep™

ATLAS-CONF-2013-062

Signal regions
High p. jets and E_™s*

Consider SUSY processes with leptons in the decay chain

“Hard lepton” regions p,>25 GeV  Ttbar and W+jets

1] ” 2 1
Soft lepton” regions dominated
6(7) < p,e(u) <25 GeV
with & without b-jets
~0 ~
m(X:) vs m(§)
No significant e _m(G)+m(%)
o significant excess seen 5 s Y s Fix m(%7) =0
1741’
;‘ 1000 1 T T | T T T | T T T I T T
% _|||||||||||||||||||||||||||||||||||||||_ 8 EATLASPFEIImInary PRD 86 (2012) 092002 EE
L _ o, - ) O a
O ATLAS Preliminary —* Po2@2 ~ 900 = 1-lepton + jets + E™* p N e
O 30 misid. lepton — El* - T Q42 e —— Observed limit (hard lepton) I §
o ; - 1 T TR e Expected limit (hard lepton) - 5§
- r o F Wiets . 800 - | Ldt=2031f",1s=8TevV & - . Observed limit (soft lepton) — &
> b J- Lt = 20110, 1e=8 TeV ¢ ) C i Observed limit (£165%) TP Expected lmit ((Ssc?ft I:I:F:tg:)) =
-'g / I single Top i 700 = T heoy RE 2 042 012 1 g
g) B Zsiets | p— Expected limit (1169191,” 5 1 061034 0_25010 3 3
0 20 Dibosons | 600 :_ - 3 2, 008 0.03 'U'E g
1 Other contribution = Alllimits at 95% CL 3 "‘-“0 06 0.02 = B
R gluino (625,545,465) GeV | 500 / 2] o L oo 002 3 %
soft 1-lepton + 5-jet - 0.02 00205 o
signal region 400 "-._‘ 002 — 3
------------------- - o'ia;_a 002 ] g\:
10 300 ;_ '2.02002 om_; E
- 0.02 q9 &
___________________ 200 : 001 — &
1 olgw ool ] E
100 = ': éOOI 0.0 2
80 250 200 350 40 00 550 60 = l_"i" :m:i | 336 o013 obs 1 4 ’n:Il | 0-Osm (=T ER R R LA C:.m obt E
Emiss [GeV] 400 600 800 1000 1200 1400
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Squark/gluino searches ATLAS-CONF-2013-089

q v/t Consider SUSY processes with decays to jets + LSP + 2 leptons

) /v | |
i s i Rather than use m_, exploit set of “Razor” variables
2Tyt 4D X1 Build mega-jets j, |, from visible decay products
~ S0 - )
o g M i) ~0 N . \2 : . 2
—/-< X1 M R—\/(Jl,E"'Jz,E) _(Jl,pL+J2,pL) R
p i My
miss 0 . miss . o I
q E/V MR_\/|ET |<|J1,pT +|]2,pT)_ET ’(Jl,pT+.]2,pT) R
=
Signal regions 2 s
Z veto Large R o o .
< 3 Or 2 3 etS Lar e M, _ c1_—c|1d<lecal1ys,IV|a slleplntml'lsllsneu'frlnlosi q? q(”./IV{V\:)x.' . -
J 9 a E 700 - TLASI _[Ldtl=20.3 fo" | | .
R T oo0 D o Dot o :
I Sl N iy m (%) vs m(4)
E = P SR2 (=3 jet) I zx = Ttbar 500 :— -~~~ ATLAS 1-lepton Exp. Decay via 1/v
B ATLAS Preliminary [ Top _ - - i
" | FeEme O cllilles 100 - E
: w1 dOminated = .
oL s G 2-step, M@, /7, 19, if):__ 300 — —_
E (1105, 705, 505, 305) GeV § * :
- 4 . 200 [— —
1 guuut Ll " - - .
: . E 100 -
= 2 B e Nosignificant 300 400 500 600 700 800 .9(;0..
S5 s A _— m(q) [GeV]
g ’””"”WWW:W %%%; % o excess seen Extends limits towards
P BRI N B B EFU 1 H M
KB B R VRN P P A PR PR smaller mass splittings
R
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Squark/gluino searches

Summary

o~

()]

o~ 9}

qq §

dominated E
O-lepton + 2-6

jets analysis
strong at low m,,

highm_,

900

800

700

600

500

400

300

A specific SUSY framework like mSUGRA can be
used to compare the performance of seach channels

MSUGRA/CMSSM: tan() = 30, A_

-2my, u>0

Status: SUSY 2013

I 1
Gh

|
=
w
T

|LI:\I_ ! 1 | | i

95% CL limits.oSYSY not included.

\Ldt=20.1-20.7fb"

N - —

1\",\‘ Is=8TeV

- = Expected
= Observed
= = Expected
=== Observed
- = Expected
== Observed
- - Expected
m=== Observed
= = Expected
=== Observed
Expected
Observed

theory

O-lepton, 2-6 jets
ATLAS-CONF-2013-047

O-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026

2-SS-leptons, O - = 3 b-jets

ATLAS-CONF-2013-007

— -y

—
—
-~
=

mostly~
g=tlb

-
bl I R

QA

| |

=l
1

o | ———

O-lepton + 3 b-
jets analysis
strong at high
m,, lowm,_,
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3'9gen. squark searches

10 E T T T T ‘ T T | T T | 1T 3
6, [pbl: pp — SUSY ]
A VS =8 TeV

-1 i |
10 E
-2 i |
10 E

-3 | | | [N A | [ — | [ ‘ | | | [ —

200 400 600 800 1000 1200 1400

1600

m [GeV]

average

3" gen. search channels

Gluino mediated production
» 0-1 leptons + = 3b-jets + E.™s

2SS Ieptons (+ b-jets) + ETmiss
ATLAS-CONF-2013-007
3 leptons + jets + ETmiss

ATLAS-CONF-2012-151

>> new result to be discussed
(since last ATLAS SUSY seminar on 26th March 2013)

Smaller cross-section than

/ 1st/2" gen. squarks

Light stop preferred by
naturalness

Final state depends on decay
of stop/sbottom

Direct production

O-leptons + 6-jets + 2 b-jets + E_™ss

ATLAS-CONF-2013-024
» O-leptons + 2 b-jets + E ™

1-leptons + 4-jets (1 b-jets) + E_ s
ATLAS-CONF-2013-037
» 2-leptons (+ 2 b-jets) + E.™s*
» Charm/mono-jet+ E_™ss
Z(Il) + 2 b-jets + E_™° ATLAS-CONF-2012-025
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Gluino mediated stop 0-11 + >3b-jets + E;  ATLAS-CONF-2013-061

9 signal regions
0 or 1 lepton 10
> 3 b-tagged jets

>4t0=>7 jets

High E.™, m__, (m_, E.™/VH.)

Consider SUSY processes with decays to many (b)jets § [ ATLAS Prelminay e swen
+LSP + 0-1 leptons & Jurmmweva B

"2 B Ziets > 30 GeV. > 3 b-iets > 30 GeV Ellrreduciblebkg (MC) 1

g 102 jets > eV,> 3 b-jets > e » =

w = e Gtt (g,) (1300, 100) GeV x 10 E

1
3
" :|||||||| L1

_.
o
I

data / exp
§§
£
N
W\
W
|

o
(%))

|

L ii
t
|

Reducible ttbar background (=1 mis-tagged b-jet)
Irreducible ttbar+b/bb/Z/h

> 104 [ T T T T T T 1]
[0) E E
(O] E  ATLAS Preliminary ® Data 2012 3
dg production, g — ﬂ+9~¢?, m(qg) >> m(g) L™ =20.1fo", 1s=8 TeV 8 . - JLdt=20.1 " Ve =8 TeV % sl ]
> - rr Tttt ) ' T Z 10 E— 1-lepton baseline selection [ Reducible bkg (MM) _E
8 . ATLAS Preliminary ---- Expected limit +1 Oexp % F m;>100 GeVv [ ] rreducible bkg (MC)
~A000+— T e 1 1 - 2 2 i e+u channels ]
21000 1 lopton + 3 bijets channels S Observed limit + 1652 @ fot ewenemel GH(E) (1300, 100) GeV x 10 3
- . -1 — . . C -
. — 0-l+3bijets, 12817 7] Interpretation in = .
| ~ () ~ i o, | . . 10 =
800 i m ( Xl) VS m ( g) All IIT,ItS at “9“?../0 CL ] gIUIno_medlated 3rd E W ;
C | m(g)>m(g) o 1 gen. production @ . S §
600 (— - - B .. é =
- — L L L " 1
: : % 1_55 | I ‘ 7 I —— ‘ /
ool . T
~ = ©
B i 5 0.5 %/j
200 |— — 500 7000 7500 2000 = 25/(?0
I~ n . . incl
: 41 + more interpretations for : T mi [GeV]
] nerp No significant
0 1 1 1 1 1 1 1 1 1 1 1 1 Z1 1 i decays Vla heavy
600 800 1000 1200 1400 neutralinos excess seen
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Gluino mediated stop

99 production, §— tf%?, m(g) >>m(g), \s =8 TeV

Summary

Lepton & Photon 2013

IIII|IIII|IIII|

1200

[GeV]

M_o

1000

800

600

400

200

- ATLAS

Preliminary

et

95% CL limits. oﬁiﬁr‘; not included.

- - Expected

=== Observed
- — Expected

=== Qbserved
- - Expected

=== Qbserved
Expected

Observed

O-lepton, 7 - = 10 jets
ATLAS-CONF-2013-054

0-1 lepton, = 3 b-jets
ATLAS-CONF-2013-061

3-leptons, = 4 jets
ATLAS-CONF-2012-151

2-SS-leptons, 0 - = 3 b-jets
ATLAS-CONF-2013-007

L =203fb" -
int

L =20.1fb7

int

L =128fb7

int

L =207 7
int

\

\
\
\

|
I
I

1
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600 700 800 900

SUSY searches with ATLAS
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S E - Expected limit (10,,,) 3
£ 800 —
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[0 " .
O, 1200 — ATLAS Preliminary
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SS_ eptOnS 1000 2 same-charge leptons + jets
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>7-10 jets

400
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---- Expected limit (+10,,)
—— 0-leptons, > 3 b-jets, 12.8fb™, {s=8TeV
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—— 3-leptons, > 4 jets, 13.0fb™, Ys=8TeV
Al limits at 95% CL
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39 gen. squark searches

Stop/sbottom quark searches target many different scenarios
Sensitivity is dependent on sparticle mass differences and decay channels

Shottom ~ o Stop
e |- \\\Q.:’
-m(f1) < m(%o)./
D ot S AN . D
7 ,/a i < herbidaen - << oL —t Ok 7 / i
- Aq & e R %1
i\i‘v %! - i fv 0
p S B bx: Y — bW IRY g
, 7 7 — t
0 m(W+b)  m(t) m(ty)

SUSY searches with ATLAS

Tina Potter — LHC Seminar



Sbhottom searches

Events / 25 GeV

Data/ SM

01+ 2b-jets + Ep™ arXiv:1308.2631

Consider SUSY processes with decays to b-jets + LSP + no leptons

120

100

80

60

40

20

0 50 100 150 200 250 300 350 400 450 500

b
5,4

2 signal regions

0 Large Am(l;,fd) Small Am(i’,f((l))

= 2 b-tagged jets = 2 b-tagged jets
= 2 high p, jets additional ISR jet

high m_., m, + low additional hadronic energy

\ “Contransverse mass”

®  Datays=8TeV,20.1 1"

s SM total

top-quark production

[ W production
I Z rroduction

Others

m(b,)=500 GeV, m()=1GeV

- - m(t,)=500 GeV, m(i?)=100 GeV
m(i;)=105 GeV

2

. 2
2 _ (b ~b) by by

For b b events, end-point defined by:
m(b)*—m(%)

m(b)
For t t events, end-point ~ 135 GeV

Ttbar, W+bjets,|Z+bjets dominated

SUSY searches with ATLAS

- [GeV] No significant excess seen
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Sbottom searches 01+ 2b-jets + E7 arXiv:1308.2631

Analysis is reinterpreted for stop production

b b
t
p D W
0 7 ~0
oo - X1
g -F ~0
oS~ ~0 i Y ” X1
p p W
b b
500 Sbottom pair production, b, — b %? Stop pair production, 1, — b 7(: m(i:)-m(if) =5 GeV
;. [Trrr[rrrrprrrrproror —— . -—-600_II|II"|""|' ,,,,,,,,,,,,,, L
& - ATLAS we Opserved limit (+£1 051205;) E s E_ATLA s L Opserved limit (1 o;tfr\;)
gx_500 - J- Lt = 201 16" VeeB Tov LT Expected limit (+16,,,) ‘—3'*_ A e Expected limit (+1 6,,,)
L : ’ cor o . = 500 __J Ldt = 20.1 fb-1, \s=8 TeV / —]
- [ ] 2.65 fb” ] - -
- Al limits at 95% CL [ po 5.2 Z 450 Allimits at 95% CL m ()"d’) VS m( f)
- , — 051b™, \s=7 TeV - . ~E S 0) _
: ATLAS 2.05 fb”, (=7 TeV. - o0k Fix A m(X1 , X1) =5 GeV
i & PR - & .
300 - ‘.:o‘\g y ’ ’/’ ............... \~\ - 350 - B ©©6/// =
: ’ \ ] 300 £ .
200 - \ . - N -
- ; : 250 B -
L [ - C i 3
i ~ ; - - i —
100 & \4 E 0 :
‘} A} . 150 TR
iy 4 8 P od ]
0 o v My b Pl E 100:| [ R T N T N N A N A N R A T R | |l’1 L1 .
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Stop searches 21 (+b-jets) + E7™®  ATLAS-CONF-2013-048/065

b Consider SUSY processes with decays to two leptons + jets + LSP
p W e
5 L, Large Am(%,R) _ Large A m(i %)
et X1 : 4 signal regions 1 sianal reaion
i oo b m_>90t0120 GeV signal regio
L X1 . Low p. leptons
S E 22 W > 2 jets _thT d iet
P » one region without s iglggo (JSe f/
4 X1 jets for sensitivity to My, €
b small Am(Z, %))
m_, variable “Stransverse mass” miy(1, 1, EP) m%5" (b, b, [, +1,+E"™)
Kinematic endpoint
~ mass of semi-invisibly decaying particle Bounded by W mass for WW, Wi, ttbar Bounded by top mass for ttbar
'_% 105'” A % —0—Data2012(\sSTeV)
= p ® Data2012 (0] ATLASPreliminary s standard Model
@ JL dt ~ 20.3 fb 54455 SM Background o | £ Zejets
g 105 [ Z+jets : J-Ldl =20.31 o
o (a) same flavour g . @ b+ 7" analysis [ FrAA
inclusive = ! g = ww
10* = g;‘;}*‘gzzo © [SR, prior to mﬁf cut] [ single top
BaCkg rounds = Fakge Iepil?ans Ll [ Fake leptons
10° - g\él‘ép,xi,xﬂ):(‘IED,‘lzo,‘l) Ge o EEEZP’XEXZ) - (ggg,lgg,;gogcssv
L A (~ + o~ 0) ..... m(siop,xr,,ﬁ)zfatoo,zsoj)Gev _m(stozgt:%;E300:100:0) )GeV
arge m\x X1 102 ATLAS Preliminary 1
Ttbar, WW, WZ, ZZ
10
Large Am(t,%;) 1 %‘%
Ttharj Wil Z+jets | , ‘ Q /
o . . .
?% (1)3 MmmwﬁW/é%f%f = 1.51 // //
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0 160 1805200 8 Q55755 750 00~ 250 800 580400
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SUSY searches with ATLAS Tina Potter — LHC Seminar



Stop searches 21 (+b-jets) + E7™®  ATLAS-CONF-2013-048/065

11?1 production, BH(T - fb) =1 b
; 500 _I T T IA T T T T } T T | T | T T I T I T T 1 T I T T T T T 1 1T ‘I¢ r T T T I_
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T == Observed limit (+155-3") . & ()
400 — ..... Expected limit (+1cs;:p) ! ] oo ~— Xl
Eoee Expected limit 2L [13f57] 3 = X 1
350 — All limits at 95% CL — s - . :F
C Z s X1 ~0
300 0 S T e - t X1
C 7 p
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- m - b
200 H —
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Stop searches
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production,t, » b7, 7.— W%, ATLAS Preliminary, L,

Summary

o =20-21 fb" ys=8 TeV, Status: SUSY 2013

—

—— M =moe+5GeV  0-11 1308.2631, ATLAS-CONF-2013-062 ]
B m,.=m, +20GeV 0-1L1308.2631, ATLAS-CONF-2013-062

Fix Am(%%,%) =5, 10 GeV

O

-

B .- 106 Gev 1-201208.4305, 1209.2102 [L = 4.7 fb” s=7 TeV]
i

m,. =150 GeV  0-1-2L 1308.2631, CONF-2013-037, CONF-2013-048
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= QObserved limits
=== Expected limits

All limits at 95% CL
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Status: SUSY 2013
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Stop searches 0 + mono-jet/c-jets + E7~  ATLAS-CONF-2013-068

For Am(t,%;)<m, and m(%)<m(%;)

-0 stop can decay via loop to I c¥;
X1
X Soft c-jets and small E_™*

- ISR/FSR jet for trigger and signal/background separation

9 c
2 signal regions: High E_™, High p. ISR/FSR jet Ttbar, Wbjets,|Z+Dbjets

. - e dominated
Small A m(t,%)) Moderate A m(t,%;)~ 20—80 GeV
> 1-3 jets, no c-tagging > 4 jets, some c-tagged N i I .
i H H 7 “ 7] t. t. production, t, — ¢ + % ( ) ( )
Monojet-like Charm-tagged o aso pypedetonti oo | m(Xy) vs m(t

L R R R R R R SR R R 0] - ATLAS Preliminary [Ldt-203fb", s-8TeV .~
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Stop searches Summary

t1, production, t—> 1%, /1> Wb, /t—>c X, Status: SUSY 2013
;‘ - | | | | | | | | I | | | | | | | | | | | | | | | | | | | | — V|a tOp
‘ 7 /offshell

8 400F - ATLAS Preliminary L -20-211fo"1s=8TeV L, =47 fb"s=7 TeV_] 0 Eﬁ”cﬁafme )
I_oz;é— =8 0L, lﬁ t 5(2 0L CONF-2013-024 0L [1208.1447]
= —HiLtot %6 1L CONF-2013-037 1L [1208.2590]

350 B 2Lty 2L CONF-2013-065 2L [1209.4186] i

oL t-> Wb Z? . 2L CONF-2013-048 i Very gOOd querage In S.tOp
300 E5 OL mono-jet/c-tag,ti— C¥, oL monojetictag CONF-2013-068 searches, using many different
;DbF 26 ;lz"&“”” - N channels and techniques.
— served limits ==== Expected limits
250 All limits at 95% CL

Some challenging gaps

@l\' / &2\.\ H
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Electroweakino searches

10

Electroweak SUSY processes have small
cross-sections
S =8 TeV. Light higgsinos preferred by naturalness

o, [pb]: pp — SUSY

T \IHHW
| \\HI\I‘

EWKino search channels

(HIH[

» 2-leptons + E_™ss

\ 3-leptons + ETmiss ATLAS-CONF-2013-035
1of LIHAYeE  \Gh" g8 4-leptons + E_™SS ATLAS-CONF-2013-036
2-taus + ETmiss ATLAS-CONF-2013-028

» l-lepton + 2 b-jets + E_ ™

T

T \IHIH[
| \\HI\I‘

4

| | | | | | ‘ | | ‘ | | | | | 1 | | | |

400 600 800 1000 1200 1400 1600 )
m [GeV] >> new result to be discussed

average (since last ATLAS SUSY seminar on 26th March 2013)

10
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Electroweakino searches

ATLAS-CONF-2013-049

Consider SUSY processes with decays to 2 leptons + LSP

2 signal regions

3 signal regions

DFOS only

Target slepton decays

(direct or via chargino decays)
SFOS or DFOS
Z veto, jet veto
Large E.™=" and m_,

Target charginos decaying via W
Difficult due to low BR(W - Iv)

m(ll) and p_(ll) selections
Large E ™= or m_,

E_ ™= projection of E_™* on perpendicular axis
Reduces mis-measured E_™s

. Emiss
Emlss,rel. — T -
T ET" X sin Adpy

if Agej > n/2
if AQbf’j < JT/2

SUSY searches with ATLAS
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Electroweakino searches

m(%3) vs m(1)

_I I L I L T | LI ]
. ~ o~ + 0 -0
50 _ATLAS Preliminary Labe X 1%,
:j Ldt=2031" \s=8 TeV i
B Observed limit (+1 cyoo') ]
200 — - Expected limit (+ cexp) —
r LEP ﬁﬂ excluded 7
L All limits at 95% CL -
150 — —
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L &/ i
100~/ ]
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50 — ! ]
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SUSY searches with ATLAS

M) [GeV]

Fix m(]1

_ATLAS Preliminary

j Ldt=20.3fb", Vs=8 TeV
Observed limit (+1 opooy)
Expected limit (£ cexpf

——— ATLAS 7TeV
LEP2 %, (103.5GeV)

All limits at 95% CL
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95% CL Limit on G/GSUSY

10

ATLAS-CONF-2013-049
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Electroweakino searches 11+ bb(h) + E7™ ATLAS-CONF-2013-093

Consider SUSY processes with decays via 125 GeV SM-like higgs
(
significant fraction of the BR

Where kinematically allowed, %>->h%; could be a

125 GeV SM-like lightest higgs decays
to pair of bottom quarks with highest BR

J T e L B I IEL I R I
c c ATLAS Preliminary —#— Data \s=8TeV ]
g 18:_ 75554 SM Total E
L 16— J.L dt ~ 20.3 fb1 g tstimrzjle top -
C I W+jets 7
“ smA i -
2 signal regions i = (EX + E?)Z B |pz%] 2 2 oL ) wwnizzz £
=2 b'taQQEd jetS ~m, 10 — zml;If,XE m, =;gg,gge¥—:
miss c e M, i M3 = 225, 0 GeV 4
Large E.™*° m_and m; S E
Ttbar and W+jets dominated background : :
Simultaneous background fit in control and S 25 T T I 7 =
signal regions % 150 Y Y 7
CQVS o.g;— G/ ‘ //ﬁt
Fit using 8 bins inm,_, - exclude m_ 105-135 GeV ’ N (Y
to avoid signal contamination o
(for background only fit, not for discovery or exclusion fit) No S|gn|f|cant excess seen
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ATLAS-CONF-2013-093

; 140 (I T T I 1T I 1T | T T | 1T I 1T | T T | 1T I T 1T
GJ — —
O, - ATLAS Preliminary Expected limit 68% CL -
00 ) — Observed limit (+1 cigfr‘;) N
£ - j Ldt=2031b ,Vs=8TeV __ Expected imit (+16.,) T
= SRA+SRB -
100 — X m(~ 0 s m(¥%.% 0y |
S ; 80 -
UL on Gosy ¥S m(xl‘,xz) - .
510|||‘\|||||\|||\‘\ m(i(l))=0Gev 60__ —_
_g‘”  ATLAS Preliminary —e— Observed Limit (+1 c3%%) | - ]
s [ JLdt _203fb" \s=8TeV ---- Expected Limit(:1c,) | 40 N
.-E i | L e N T il
o | m(%,) = 0 GeV . 20 - =
2 L |
0 = ko et b Lo et S e b [
120 140 160 180 200 220 240 260 280 300
m«_i...() [GeV]
A,
1 1 1 ‘ | 1 1 I 1 1 | I 1 1 | ‘ | 1 1 I 1 | | I 1 1 | ‘ 1 1 1 | 1 | 1 | 1
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Electroweakino searches

[GeV]

~0
X1

N
(@)
o

400

350

300

250

200

150

100

50

SUSY searches with ATLAS

ATLAS Preliminary Lim =20.3-20.7 fb'", 1s=8 TeV Status: SUSY 2013

Summary

3-leptons ¥, ¥;

’.[III|IIII|IIII|IIII|IIIIIIIIIlIIII

~t0 . T, ~
— PP, X, Via |/ V, 3e/u, ATLas-CONF-2013-035

— —— pp—>¥%

e . ~
X,» Via |/ V, 2€/, ATLas-CONF-2013-049

~+0 . ~  ~
— PpP—=X, X, Via T/ V. 2T, ATLAS-CONF-2013-028

S ppez:')z;, viaT /V,, 2T, ATLAS-CONF-2013-028

~+~0 .
— pp%xfxz, via WZ, 3e/\, ATLAS-CONF-2013-035

pp—)ﬁ%i, via Wh, e/ubb, atias-conr-2013-003 .

- - - - Expected limits
— Observed limits

- -
g ————— Ny

o | L Lk
~0 ~=+
00 200 300 400 500 600 2-leptons ¥, %
m s+ (=m 50) [GeV] v/t
X, Xy 0/v
b
i =0
i/v G
_g/i) XO
+ 4-lepton interpretation p < . /;
for %5 % v/t
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RPV searches Intro
m L-number violating terms

The
MSSM C DC’ DC’
i ) k
potential v 3_ s
_“-»,\'/—-’_
B-number violating terms
RPV
couplings
7\‘ ; }\‘ r, 7\’ N

Az11 - === 132
RPV can be at the production vertex > <

and/or at decay vertices d

RPV search channels

» Multijets (2x3 jets)
Heavy resonance to ey, eT, T pLB 723 (2013) 15
4-leptons  ATLAS-CONF-2013-036

>> new result to be discussed
(since last ATLAS SUSY seminar on 26th March 2013)

SUSY searches with ATLAS Tina Potter — LHC Seminar




RPV searches

Multijets

ATLAS-CONF-2013-091

SM multijet background
normalised to data in lower
jet multiplicity regions

10"

> — T
[0} .
© 10° ATLAS Preliminar ® Data\s=8TeV, 203 b
Y —
. A
> . 5 jets, > 0 b-tags Projection from 3 Jets
"g 10 O Projection from 4 Jets
T 107 --- M = 600 GeV
---- m; = 1000 GeV
5 — ¢
10° g E
10°e " =
E 3
104 e, —
3E —_—
10 o —OE_
:— ---------------------------------------------- |" 'T'T"w;
£ E =
o 1.4F E
a E [E
o 12_ A
= 1: . 1 3
o & % $ =
8 osf =
0.6F =

60 80 100 120 140 160 180 200 220 240
Jet [ Cut [GeV]

SUSY searches with ATLAS

Events / 20 GeV

Ratio To Data

10°

0000 -t
O OND O W
i i

to jets

Consider gluino or neutralino LSP decaying

Searching for resonances is difficult due to
combinatorics
Search for events with =6 or 7 high p_ jets

0-2 b-tagged jets to estimate BR to heavy
flavour quarks

Signal regions optimised for many different models
Jet p, = 80-220 GeV, Njet = 6-7, Nbjet 0-2

cant excess seen

No signifi
L L B B
Data {s=8 TeV, 20.3 fb™'

Projection from 3 Jets
Projection from 4 Jets

T
ATLAS Preliminary

> 6 jets, > 0 b-tags

Projection from 5 Jets
---- My = 600 GeV
m; = 1000 GeV

.........
T T

0 80 100 120 140 160 180 200 220 240
Jet P, Cut [GeV]
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Events / 20 GeV

Ratio To Data

L L B I E L B B
ATLAS Preliminary

107 ® Data\s=8TeV,20.3 b
1 06 > 7 jets,> 1 b-tags O Projection from 3 Jets
O  Projection from 4 Jets
1 05 A Projection from 5 Jets
L 600 GeV
4 ... m. = 1000 GeV
107 5., —— g
103 :.E‘F..:
102 ..“.."..-"'-"'-“‘_n_‘_n_‘_.ﬁ
e
10 s '_'_'_'1: _________
..... 2
1 —
- -
1.4F 3
1.2F =
1E 5 ¥ 3
0.8F * : 3
0.6 E
60 80 100 120 140 6

160  180_ 200
Jet P, Cut [GeV]



RPV searches Multijets ATLAS-CONF-2013-091

4
= 10 | - 3 5 10 | | | ]
2 f — Obs95% CL Limit ] Q [ —— Obs95% CL Limit E
oy C e Exp Limit _ i — e xp Limit i
8— 1 03 E_ ......................... 'i'IGEXpLimit' -------- 8— 1 03 é_ - p __________________ U St SN _é
1 - [ +20 Exp Limit : .
1o 102 - M. gg Cross-Section (NLO+NLL)............. z;r» 102 L EEEE gg Cross-Section (NLO4NLL) _;
ZSFD BR(1)=0%, BR(b)=0%, BR(c)=0% | ZFTD - BR(t)=100%, BR(b)=0%, BR(c)=0% =
Q 10¢ e IL dt <203 fb‘*;\-’é,": 8TV Q 10 | - IL dt <2003 fb“’;\-*és §Tev
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| \HIHI;

—h
<
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Long-lived searches

.

RPV also lead to Long-lived SUSY particles can also arise from )
non-prompt decays - Heavy mediator sparticles e.g. Split SUSY
if A couplings are small - Mass degeneracy
- Weak couplings py
Stable
MetaStable .
disappearing (Kink) I stable massive
Mon pointing pr— / track - F--" I e mqr:urh::h:
¥Z / vertex "ff‘. i I long ﬁmel
1 | of Hight! pe.ne-"m
o~ pr'mz i a detector
O 1-100)mm O 1) mm O 100) mm = O(1000) mm decay length

Look for RPV signatures
and long-lived signatures

Cover wide coverage of
lifetimes

SUSY searches with ATLAS

RPV & LL search channels

Disappearing track

Stopped gluino

Long lived slepton

Displaced vertex

Non-pointing photon PRD 88, 012001 (2013)

>

v

)

v

>

v

>

v

>> new result to be discussed
(since last ATLAS SUSY seminar on 26th March 2013)
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u + displaced vtx. ATLAS-CONF-2013-092

RPV and long-lived searches

Consider the LSP to be long-lived, decaying to a muon and jets

q
Mq Dedicated reconstruction of tracks and vertices
p (j )\/ q . - - = 80, TAS simulation preliminary s =8 TeV
e Trigger with one high-p. muon EeL 1L =
~ 140
~o_ X1 N Search for a displaced vertex (DV) 1z
D i g  Withinr <180 mm and |z| < 300 mm 100
q m_, > 10 GeV and > 4 tracks
q [

To suppress hadronic interactions, veto
vertices from regions of high density

Dominating background from hadronic interactions with
gas molecules (outside beampipe)

Usually low mass, but random track crossing can give high mass

Number of vertices / 0.2 GeV

240
220
200
180
160
140
120
100
80
80
40
20
0

—e— 3-trk vertices

3 ATLAS
o — 'non-crossing’  preliminary |
E: |H* + — crossing I1s=8TeV :;
= * | — model =
Pkt b
3 * : E
4 H E
= +++ =
z "
[ R R R R TR

250 300
j2,.,| Imm]

Model m_  with jet-
triggered events

Vertex mass [GeV]

10

Random track combination
background negligible

Expected 0.02 + 0.02 events

ATLAS

preliminary

.Signal region \s =8 TeV

det =20.3 fb"

T2 Opserved 0

Vertex mass [GeV]

SUSY searches with ATLAS
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@ Data 2012 1.5
Signal MC 1
0.5
I L I Lo | L I L 0
3 4567810 20 30 40

Number of tracks in vertex



RPV and long-lived searches  p+ displaced vtx. ATLAS-CONF-2013-092

o Sample mg Mgy o (yB) W | CTvMC Vo
Use efficiency (GeV] | [GeV] | [fb] (mm]
maps to set limits Medium-Heavy | MH | 700 | 494 | 1243 | 10 | 175 | 02x 107
on range of ct Medium-Light ML | 700 | 108 |1243| 3.1 | 101 | 15%107°
Heavy-Light HL 1000 108 11.9 5.5 220 | 20.0x 107
3 a L T T T T T T T T 3 J T TTTT rT T T """_'
S 100 gy ATLAS - S 10 ATLAS
o - preliminary 7 © - preliminary 7
- lvL \s=8TeV L \s=8TeV
1 . HL det =203fb" ] _['-dt =203fb" 3
_. 700 GeV squark pair production (NLO+NLL . ik ir production (NLO+NLL —
107F 107'% | | -
1.0 TeV squark pair production (NLO+
10°F . 107 E
g ~0 . ] i 0 T i
[ BR(%, — W jj)=100% - - I BR(X, — 1 11)=50% ’
1 0_ | | L L1 11l | | L L1l | | R | 1 I I | | L 1 1111 | | | I |
1 10 10° 10° 1 10 10° 107
ct [mm] ct [mm]

1 TeV squarks excluded for 1.5 < ct <156 mm
100% BR to 108 GeV LSP
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RPV and long-lived searches Disapp. trk+ E7™ ATLAS-CONF-2013-069

Many SUSY model e.g. AMSB have almost mass degenerate
chargino and LSP - long-lived chargino

Chargino travels into detector before decaying to soft pion + LSP
— disappearing track

Trigger on ISR jet
Look for isolated, high p_ tracks with <5 TRT hits

o+ TSNV (T > 10° . '
+ ata
X1 decaying into X 8 [ ATLAS Preliminary = Tl background
;J, ‘_ [ IF?T e edatred Hack
Badly mismeasured in p, due to a wrong o 10°g '$=8TeY J Lat=203f° ectron
combination of space-points = 1026 % ~ 500 23 :z Zo2ns
mi% =300 GeV, Ti% =10ns
High-p charged hadron 10 &+
interacting with ID material A
’
Lepton failing to satisfy 10"
identification criteria due to 102
large bremsstrahlung or scattering

10°

reconstructed track | = 2 LT ' T

. L: *® [ ] [

true particle track ) 5 o e Wy .
: : l l : e Og | | | |*+ 111 | ) | T | l lll ! 11 1
Pixel SCT TRT 20 30 4050 100 200 300 1000
Track P, [GeV]
Background track p, shape taken from data
Signal + background template fit for candidate tracks No significant excess observed
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RPV and long-lived searches Disapp. trk+ E7™ ATLAS-CONF-2013-069

AMSB model with Am ~ 160 MeV.

_[Ld‘=20-3 fo, 15 =8TeV tanff = 5,1 >0 det:ZO.S b, s =8TeV tanp = 5,1t > 0
2 '77’5""7' g2zzs2z75227 52 r s e = 200 grempry T Observed 95% CL limit (<1, )
= _ 10 = Q o Expected 95% CL limit (+1
U - "' n E B O W Bl p o T Gsxp)
o o : ] = L ] ATLAS (Is = 7 TeV, 4.7 fb™", EW prod.)
B b ] Elx 190 — LEP2 exclusion
| : ] < : _ Theory (Phys.Lett.B721 (2013) 252-260)
S+ ~ L 5 ZzZzZZ% ‘Stable' ¥,
| T(XD) vs m(%Y) ] - ; — =
B : H ] 180 H ATLAS Preliminary —
“ ~t O ~+ .
1 - 170 ‘ Am(X7,%1) vs m(X7) | 1
e e & . 1 60 L "“‘ ]
| P ATLAS Preliminary | - j
....... Observed 95% CL limit (+15,_ ) 150 & S _
o b ......... Expected 95% CL limit (+1 6,,,) B A ]
- ""‘ """"""""" ATLAS (1s =7 TeV, 4.7 fb™, EW prod.) - s |
B LEP2 exclusion 140 ;,_ = ]
_I I | L I L I e | ! % Stable x; :42 A ‘Jdé 1144214 4424 gees ‘4442 4444&44 ‘Jgd AT A
100 150 200 250 300 350 400 450 500 550 600 100 150 200 250 300 350 400 450 500 550 600
m%T [GeV] m.. [GeV]
1

For 1 ~ 0.2 ns, charginos excluded up to 270 GeV
For 1 ~ 1-10 ns, chargino excluded up to 520 GeV
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RPV and long-lived searches Long lived I ATLAS-CONF-2013-058

Many SUSY model e.g. GMSB have long-lived stau NLSP

If ct > few metres, LLP looks like a heavy muon

Low B from track
Large dE/dx m = p from pixel (dE/dx)
2 LLP per event By » +calorimeter
+ muon detector
(Time of Flight)
Signal region Background dominated by high N
2 high p. muons i is- =2 W .
- an p, s P, muons with mis-measured (3 = " [ ATLAS Preliminary ]
2<pB<0. i) . ) i
B Taken from data g . {s=8TeV, J- Ldt=15.9 o 1
%600II\I‘II\I‘\\\\‘I\I\llllllllll+ % _‘"'\""I""l""l"."ll""\""|""""""_ ) | |
% TLAS Prellmlnary (ODmaE_ ATLAS Pr?llmlnary —E 8 -productior-l,l-an[i:10 —e— observed limit
" o JALdt_ 15.9 10" N Juammsow' w1 510 — o
...... §102§_ j 2::3:‘:353:;(;:7“‘) _E -production,lanp=50 —&— observed limit :
N % B (A=110T‘eV,tanB=10) E :
400? o o I GMSE, m_ =437 GeV ~ i
300:— HE 111 _§ 1F =
’ S ) " i 5‘”I'””'””'H”'H”‘I A 2‘.“"'.‘ ] w i B R A A R R A A N SN A A B A B 1 |
TR . D Data,is=8TeV 2 250 300 350 400 450 500
foo: st oL O GMSB m s 36 Gey s 3
I (A = 110 TeV, tang = 10) & 215:”..‘*““& } : T, mass [GeV]
T T T R T N Sensitivity to stau mass
0 50 100 150 200 250 300 350 400 450 500
0 100 200 300 400 500m1[G:\(/J]0 min(m,, m,) [GeV] depends on GMSB mOde|
No significant excess observed parameters
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RPV and long-lived searches Stopped § R-hadrons ATLAS-CONF-2013-057

Consider gluino with long lifetime that forms R-hadrons with SM vacuum quarks

p
g R-hadron travels through detector
Gets stuck in detector via dE/dx energy loss and nuclear scattering
Can decay at a much later time! empty crossing Gnpaired crossing
. Also relevent for Split SUSY with a high N /
D 9 mass intermediate squark - = O = = = F Beanld
* - - — = = Bl 2
Use empty bunches in LHC beams to \
look for hadronic activity 20 2 between bunches poires Sreseing

Detection efficiency depends on - stopping fraction
- probability to decay in empty bunch
- reconstruction efficiency

> R oY S B B B I I L L L I 3oy ATLAS Preliminary :g:;zcieigéa’
H 1 5} T ATLAS Preliminary 50" @ (s=7Tev —®=Data 5.0 b1 @ /5 = 7TTeV — 53
S I g nal reg ion S 30 22917 @ 15=8 TeV = ggz:-;alo 25| ig.g b7l @ /5 = 8 TeV _ Jofiweig)
mISS — C © ive time = 389.3 hours d

J et + ET em pty PR —— 600 GeV g_ g— g/qq+ 3 == Expecte

= E —— 1000 GeV g x100 20} 1(\;/& = 10(£GedV E v
- o) - eneric, Leading Jet Energy > 300 Ge
bunch trigger g b

—
ot
T

Jet E > 100 or 300 GeV (55
Veto muon activity

[ury
S
T

10

Gluinos Produced (x1000 Pairs)

s &

ot
T

III|IIIIIIIII|IIII|IIII|IIII|IIII"

Cosmic muon background ‘ e

E  INETETEN Y —
from |0W_|uminosity run period 0 100 200 300 400 500 600 700 800 900 1000 000 700 300 900 1000 100
. Gluino Mass (Gev)
Leading Jet Energy [GeV]

Beam halo background from No significant Stopped gluino R-hadrons excluded up to 832 GeV
unpaired crossings excess seen for 10 ps < 1(gl~) < 1000 s and 100 GeV LSP
Longest lifetime excluded: 2 years!
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RPV and long-lived searches Stopped § R-hadrons ATLAS-CONF-2013-057

A beam-halo candidate event during an unpaired bunch crossing in data.

A candidate event display from
2011 data passing all selections

2012-12-01 12:33:41 CET source WJiveXML_215456_82343392 run:215456 ev:82343392 lumiBlock:506 Atlantis

A cosmic ray muon candidate event during
an empty bunch crossing in data

ATLAS 2010-04-06 09:26:38 CEST source:JiveXML_152441_4407613 run:152441 ev:4407613 lumiBlock:506 Atlantis

energy deposits in TileCal cells
fraction of red area indicates
the amount of energy in the cell

histogram of total energy in
projective TileCal towers

Muon segments are drawn but not reconstructed
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Grand Summary of ATLAS SUSY Search Results

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229) b +5=7,8TeV
miss —1 P
Model e T,y Jets ET™ [Ldtd) Mass limit Reference
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4.8 1.7TeV  m(g)=m(&) ATLAS-CONF-2013-047  {(
MSUGRA/CMSSM Teu 3-6 jets Yes 20.3 € 1.2 TeV any m(g) ATLAS-CONF-2013-062 ¢
@ MSUGRA/CMSSM 0 7-10jets  Yes 203 |& 1.1 TeV any m(g) 1308.1841
L 5, q—>qX1 0 26jets  Yes 203 |4§ 740 GeV m(¥3)=0 GeV ATLAS-CONF-2013-047 ii
S gz g-qa0) 0 26jets  Yes 203 |& 1.3 TeV m(E3)=0 GeV ATLAS-CONF-2013-047 &
§ &8, 8—qqXT —>qu1)(1 ; e g»g !ets Yes 203 |g& 1.18 TeV m&\:/g)<20069\/, m(F*)=0.5(m(¥7)+m(&)) ATLAS-CONF-2013-062 &
gg,8— q(t’f/é’v/w)/h e u -3 Jets - 20.3 g 1.12 TeV m(¥1)=0 GeV ATLAS-CONF-2013-089
Q GmsB (/? NLSP) 2e,pu 2-4jets  Ves 4.7 tanB<15 1208.4688
‘G | GMSB (/NLSP) 127 0-2jets  Yes  20.7 1.4 TeV tans >18 ATLAS-CONF-2013-026
=2 GGM (bino NLSP) 2y - Yes 48 m(¥3)>50 GeV 1209.0753
£ GGM (wino NLSP) lepu+y - Yes 4.8 m(f9)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) b4 1b Yes 438 m(@3)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) O03jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
S5 o bb)(ol 0 3b Yes 201 |& 1.2 TeV mm)<eooeev ATLAS-CONF-2013-061 €€
b S °E° gt 0 7-10jets  Yes 203 |& 1.1 TeV m(¥}) <350 GeV 1308.1841 &«
T g—»tt)\’l 0-1epu 3b Yes  20.1 g 1.34 TeV m(¥9)<400 GeV ATLAS-CONF-2013-061  {(
01 ® Z—bit; 0-1epu 3b Yes  20.1 g 1.3 TeV m(¥9)<300 GeV ATLAS-CONF-2013-061  ¢(
c BB, Bi—biY 0 26 Yes 201 |B 100-620 GeV m()<90 GeV 1308.2631 «
o — w e biby, by—th] 2e,u(SS) 03b Yes 207 |b, 275-430 GeV m(F5)=2 m(9) ATLAS-CONF-2013-007
(7)) =S| #Flight), 7 »bts 12eu  12b Yes 47 |& 11 m(3)=55 GeV 1208.4305, 1209.2102
cs S S #(ight), t1—>WbX1 2epu 0-2jets  Yes 20.3 31 130-220 GeV m(E?) =m(t1)-m(W)-50 GeV, m(f;)<<m(¥;) | ATLAS-CONF-2013-048 {{
o & T HE(medium), t1—>tX1 2epu 2 jets Yes 203 |& 225-525 GeV m(¥?)=0 GeV ATLAS-CONF-2013-065  {{
- S5 %1 (medium), t1—>bX1 0 2b Yes 20.1 t 150-580 GeV ~?)<200Gev m(¥;)-m(t3)=5 Gev 1308.2631 «
%‘G 171 (heavy), T -t Tepn 1b Yes 20.7 i 200-610 GeV m(¥2)=0 GeV ATLAS-CONF-2013-037
o E [ t1t1(heavy) f >t 0 2b Yes 20.5 i 320-660 GeV p??) oeev ATLAS-CONF-2013-024
c ®B hh, hod 0 mono-jetictagYes 203 | & 90-200 GeV m(E)-m(E3)<85 GeV ATLAS-CONF-2013-068  {(
— 11 (natural GMSB) 2e,u(2) 1b Yes 20.7 2 500 GeV @?‘1’)>1506ev ATLAS-CONF-2013-025
b, hoh +Z 3epu(2) 1b Yes 207 |%& 271-520 GeV m(E,)=m(¥3)+180 GeV ATLAS-CONF-2013-025
fL ROLR, 7—e7? 2e,pu 0 Yes 203 |7 85-315 GeV m(¥)=0 GeV ATLAS-CONF-2013-049  {{
.- XL)“ Xi—»fv(fv) 2e,u 0 Yes 203 [ 125-450 GeV Ng) =0 GeV, m(7, 7)=0.5(m(¥)+m )) ATLAS-CONF-2013-049  {{
Q Xy iy —tv(9) 27 - Yes 207 | X 180-330 GeV m(¥?)=0 GeV, m(#, )=0.5(m o(f +mp(1)) ATLAS-CONF-2013-028
w % XlX Ve é’(w) E0LE(v) 3eu 0 Yes  20.7 xf)g“ 600 GeV m(Fs)=m(¥2), m(¥2)=0, m(Z, #)=0.5(m(¥¥)+m(¥?)) ATLAS-CONF-2013-035
)(1)( WX ZX& 3epu 0 Yes 20.7 )ff)«_j 315 GeV mqf)ﬂn@gg), mp??): sleptons decoupled | ATLAS-CONF-2013-035
Xika—WEihi Teu 2b Yes 20.3 XXy 285 GeV m(E7)=m(¥3), m(¥9)=0, sleptons decoupled | ATLAS-CONF-2013-093  {{
. - . ot H H v E 0 v
. . f - - . —0. - -2013-
B @ Direct {171 prod., long-lived ¥ ~ Disapp. trk 1 jet Yes 203 | X 270 GeV mF; )-m(¥3)=160 MeV, 7(¥7)=0.2 ns ATLAS-CONF-2013-069  {{
= % Stable, stopped g g R-hadron 0 1-5jets  Ves 229 g 832 GeV m(¥3)=100 GeV, 10 us<7()<1000's ATLAS-CONF-2013-057  {{
ga*% GMSB, stable 7, i, ;1)461'(6 u) 1-2p : - 15.9 10<lan{30<50 ATLAS-CONF-2013-058  {(
SR GMSB )(1—>yG long-lived X7 2y Yes 4.7 0.4<7(f1)<2 ns 1304.6310
=l 44, ¥ —>qqu (RPV) 1 p, displ. vtx - - 203 |d 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092 {{
LFV pp—¥: + X, ¥r—e+p 2eu - - 46 23,,=0.10, 213,=0.05 1212.1272
LFV pp—¥; + X, Vr—e(u) + 1 lepu+t - - 4.6 A%1,=0.10, A1()33=0.05 1212.1272
> Bilinear RPV CMSSM 1eu 7 jets Yes 4.7 m(é):m(g), ctisp<1 mm ATLAS-CONF-2012-140
& Xy?{,)?i—»on )(°—>eev,,. euve 4enu - Yes 207 | 760 GeV m(,v1)>3ooeev Qi21>0 ATLAS-CONF-2013-036
XL X WAL K >1Te, et9, B H+T - Yes 207 | X 350 GeV mm)>so GeV, 1133>0 ATLAS-CONF-2013-036 «
£—qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—-tt, ti—bs 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
+ | Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_“E-’ Scalar gluon pair, sgluon—t% 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
‘O" WIMP interaction (D5, Dirac ) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
VE =8 TeV 1 0_1 1
full data 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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Summary and Outlook

LHC run-1 dataset
* Broad SUSY programme developed

* Effort to probe maximum area of SUSY parameter space possible
Using simplified models, pheno models and full models

* Detailed and thorough searches, wide range of signatures covered
Focus on natural SUSY, strong production, RPV, long-lived SUSY searches

* No sign of SUSY yet

What is next?

* Increase sensitivity to difficult SUSY scenarios

| Cross section ratios: 14 (13) TeV/ 8 TeV

I
' 11 (for 13 TeV / 8 TeV: 8.4)

' 16 (for13TeV / 8 TeV: 12)

* Explore new channels,
probe more parameter space

v Y

stop pair (0.7 TeV)

stop pair (0.9 TeV)

N Y

* Prepare for Vs = 13 TeV

LHC run-2 in 2015 HRROIp RS IEE)
Increased sensitivity

to many SUSY scenarios

’ 72 (for 13 TeV / 8 TeV: 46)

(13 / 8: 2700)

| |

\\

gluino pair (2.5 TeV)

1 10 100 1000 10000
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Gluino mediated stop 0-11 + >3b-jets + E;  ATLAS-CONF-2013-061

51-51 production, 51—> b4y L™ =20.1 fo, 1s=8 TeV
;‘ 1 100 _I T T T 1 I T T 1 I T TT I T T 1 I T TT I T T 1 | T TT I T T 1 ]
[4b] — . . . . —
S. 1000 F- ATLAS Preliminary ---- Expected limit £1 6., 3
g g 0 and 1 lepton + 3 b-jets channels ~ === Observed limit + 1 G?EESOTY g
900 — —
= - o -
= m( %:, ) = 60 GeV All limits at 95% C!_ =
800 = o | o —
- X, 7 N+ X, ozt -
700 — —]
600 [— —
500 — —
400 — —
300 [~ —
200 -_* I'I 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 | 11 1 1 I 11 1 1__

200 300 400 500 600 700 800 900 1000
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Events / 0.08

Data/MC

39gen. squark searches 21 + (b)-jets + E;* MVA ATLAS-CONF-2013-065

' 4
F w1 ) .
= X1 Signal regions

t Consider SUSY processes with decays to two leptons + jets + LSP

Train a BDT using
2 leptons Emssm o, mo(l, |, EL™)

E \T )2(1) 22 JetS _ Ae” ) A(p”
p ngh ET ! meff ACP(ETmiSS’ j1)= A(p(ll’ Jl)

Train Same Flavour (SF) and
Different Flavour (DF) seperately

Ttbar normalised to data in low-BDT control regions
Fake lepton background taken from data 4 SF and 7 DF

L B S B B e

10° 4,0 )
Ldt~203fbt I
d *+X, analysis SN SM Background
10° I'l different flavour [ Z+iet

ATLAS Preliminary

I
e Data2012 \s =8 TeV)

LI B e

signal regions

Ldt~2031"t+ i:’ analysis

Events / 0.02

I'l' same flavour

ATLAS Preliminary

4~

~ N "' ~0
t, production, t, — X, t
T | UL I L I L | TTr 1T LI LU | LB | L | LI

10 - ATLAS Preliminary ~t+%° analysis .
— | Ldt=2031" Vs=8 TeV " I'l different & same flavour—]

1 = - - k] = -

[ — Observed limit (1}, ") ]

107! - = Expected limit (+1c,,,) ) -
- Alllimits at 95% CL , T -

102 g - . ]
s +§L : & R & 5:‘\‘\‘ \\\i‘:\\\ o~ - % s 150 :_ _:
BT SRNRVAR NS SRR 5 . '-m%%_ffﬁ'\" : - -

1 ety § g i : - _

2 g S AN\ SRRt R 100 — ]

108 05 04 02 0 Og,ad. 8e 08 095 09 005 03 075 04y 08 055,80 - :
50 — —

DF DF DF DF DF DF DF C ]

channel SRl SR2 SR3 SR4 SR5 SR6 SR7 C / _ : 7
Observed events 9 3 12 5 3 2 1 0 I A ":I oo bov v b bov v b o by én a0 o 17
150 200 250 300 350 400 450 500 550 600

Total (constrained) bkg events 4.7 £ 2.0 25+19 11+5 6.3+£25 1.0+ 08 0.333']:;3 lex14 m; [GeV]
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HL-LHC studies

High-energy LHC running in 2015 will significantly increase our sensitivity to
many SUSY scenarios
- expect ~x10 for 600 GeV stops, ~x200 for 2 TeV gluinos

With Vs = 14 TeV and 300 fb, we expect to significantly improve our reach!

¢ ATL-PHYS-PUB-2013-011
S1 OOO_A I — é‘ T T ] T T ] T T I T ] ™ = ED[]_ —
2 9005 TLAS Simulation Preliminary 3 8 - Vs= 14 TeV ATLAS Simulation Preliminary
=~ e =300 b (<u>=60) 5 discovery = S - -1 : _
o cvs=14 TeV +300 fy” (<11-=60) 95% CL exclusion = £ ool 3000 fb exclu_smn, u=140
i 8003_ =3000 fb", (<u>=140) 5¢ discovery — r === 300 fb™ exclusion, u=60
E E *13000 fb" (<1>=140) 95% CL exclusion - L 1 .
TJOOE @ATLAS 8 TeV (1-lepton): 95% CL obs. limit] L 8 TeV, 20.7 fb™" exclusion
= CATLAS 8 TeV (0-lepton): 95% CL obs. limit 400
600E- = - 3-lepton channel e s
- - o T 3 L i owgzn o7 )
500=0 and 1-lepton combined — _,ssgtseees, T 300 . o t
400 'd“"‘ o, 3 Y A T ey )
= ot : % 3 - -! -~ .=
= . = - ’ + H
300F : = R 3 %
E - E E : : .-""’ ‘: i
2005 : 100’ 7
100E- i = E a i
= =' '|‘=': _|||||||||||||||||||||||||||E||||||||||||||||=|||||
0 200 400 600 800 1000 1200 1400 B{JIZJ 300 400 5500 GO0 700 800 900 1000 1100 1200
Mg [GEV] .. m, [GeV]
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