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Extend the Standard Model?

e The Standard Model is working fine. Why fix it?

e The Higgs mass suffers from quadratically
divergent loop corrections (high level of fine-
tuning)

Taken from http://www.quantumdiaries.org/2012/07/01/the-
hierarchy-problem-why-the-higgs-has-a-snowballs-chance-in-hell/
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e , e Cosmological data call for
A B e e dark matter: not explained
WA within the SM
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Extend the Standard Model?

e The Standard Model is working fine. Why fix it?

e The Higgs mass suffers from quadratically
divergent loop corrections (high level of fine-
tuning)

e rotational vldcilv
tkm/s] .= :

Tk Taken from http://www.quantumdiaries.org/2012/07/01/the-
measured. - | hierarchy-problem-why-the-higgs-has-a-snowballs-chance-in-hell/

B _ e Cosmological data call for
P St dark matter: not explained
E sy within the SM

e Moreover, no unification of the EW and QCD coupling constants, EW
symmetry breaking added ad-hoc, etc.
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Supersymmetry (SUSY)

e SUSY is a symmetry that relates bosons and
fermions

e a new set of fields differing in spin by 1/2
w.rt. the SM partners (fine tuning problem
solved “naturally”)

Standard particles SUSY particles
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Supersymmetry (SUSY)

e SUSY is a symmetry that relates bosons and
fermions

e a new set of fields differing in spin by 1/2 AT e
w.r.t. the SM partners (fine tuning problem | e
solved “naturally”) J‘ o

Standard particles SUSY particles o
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e[ epton and baryon number violation allowed — proton decay

¢ |f R-parity conservation assumed, the Lightest Supersymmetric
Particle (LSP) is stable: natural Dark Matter candidate
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R-parity = (-1)3EL+2
-1 for sparticles
1 for particles

See AOB and
backup for RPV
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Fine tuning - a deeper look

e SUSY is broken. Supersymmetric particles masses arbitrary?
* One needs to quantify the fine tuning:

® One possible choice: stability of EW scale (identified by Mz w.rt. model
parameters [Nucl. Phys. B306 (63-76) (1987)]

model parameters
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Fine tuning - a deeper look

e SUSY is broken. Supersymmetric particles masses arbitrary?
* One needs to quantify the fine tuning:

® One possible choice: stability of EW scale (identified by Mz w.rt. model
parameters [Nucl. Phys. B306 (63-76) (1987)]

model parameters
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tolerated fine tuning

e What are the important a;?
¢ u (higgs mass parameter) enters at tree level — light higgsinos
® At, Mq3s, My3 are relevant — light stops

¢ gluinos introduce large corrections to the stop masses — light gluinos

e |Looser constraints on the other sparticles
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Natural SUSY

® Prediction:
o Light X1%, X:* (few hundreds GeV)

® light (< 1 TeV) stop(s), b. bound to t.
(same weak isospin multiplet as t)

® not-so-heavy gluinos (mg < 1.5-2 TeV)

e Unless differently stated, we do not
use constrained models in deriving the

exclusion limits,.

eRather simplified models with
particle masses as free parameters

| TeV
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What processes are we looking for?
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Taken from http://www.thphys.uni-heidelberg.de/~plehn/
index.php?show=prospino&visible=tools
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e ATLAS has set up dedicated search strategies for all production
mechanisms
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LHC - performance of the machine

e About 22 fb' collected at /s= 8 TeV and 5 fb! at \/s= 7 TeV
e Most of which with more than 95% of the ATLAS detector operational

e All results shown in this seminar use either the “HCP” (13 fb") or
the full (21 fb") dataset (/s=8 TeV).

L A B B B p e Large luminosity means large pileup. Careful

ATLAS Online Luminosity pileup suppression strategies developed.
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Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

Muon Detectors TIN Calorimeter

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

Toroid Magnets

Length : ~ 46 m
Radius : ~12 m
Liquid Argon Calorimeter We|9h1- ‘o~ 7000 Tons
~108 electronic channels
1 1 ;@ | 3000 km of cables

Inner Detector (|n|<2.5, B=2T):
~ Si Pixels, Si strips, Transition
| Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:
o/pt ~ 3.8x104 p; (GeV) ® 0.015

Solenoid Magnet SCT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion

e/y trigger, identification and measurement
E-resolution: o/E ~ 10%/VE

\

HAD calorimetry (|n|<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+

E-resolution: 6/E ~ 50%/VE @ 0.03

S0
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Performance highlights

z 0 Effect of pileup corrections
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The Standard Model in one slide
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Standard Model background estimation

e Doing SUSY searches means primarily understanding the Standard
Model background.

Standard Model

Top Multijets
Vv, VV, VW Higgs

RN

Irreducible backgrounds Reducible backgrounds
~ Dominant sources o Determined from data
Control regions in data used for normalisation.
Transfer to signal regions using MC Analysis dependent
Sub-dominant sources MC

\

Validation

Validation regions used for cross-checks

Signal regions
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Fake EtMss background estimate

e Large Et™ss can be induced by a jet mis-measurement.

* Relevant for processes with high cross section and no “real” Er™ss (multi-jet, Z—1I)

e 14
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Fake EtMss background estimate

e Large Et™ss can be induced by a jet mis-measurement.

e Relevant for processes with high cross section and no “real” Ex™ss (multi-jet, Z—1I)

§104;“T““S | ;3212125:3355523;%;;‘6) 1 e Derive a “jet response function” from
§_ R W1+ 4 MC and adapt it to data:
S il Jet =
g ;4 TN E ® core: pr balance in di-jet events MET =
S m’W. b

TF HT*M*W # e tail: three-jet (Mercedes) events

0 0.5 1 1.5 2 25 3

R

e 14
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Fake EtMss background estimate

e Large Et™ss can be induced by a jet mis-measurement.

e Relevant for processes with high cross section and no “real” Ex™ss (multi-jet, Z—1I)

g LATs —ommeecn @ Derive a “jet response function” from
S | &7 MG and adapt it to data:
I T T 1 ecore: pr balance in di-jet events MET =
R4 "t ]

- Pt 3 : .

I H Tﬁ%ﬁw 4 e tail: three-jet (Mercedes) events

o = IOESI | 4 ‘155 = I2E5I i 33 % 10* ATLlAS I JJLdt~20I.5fb".|sl=8TeVI 7% Damz0i2 ;

R (OD Preliminary 4 f‘“uﬂm::'(a‘s sssssss E
eUse response function to smear jets in real data £

events with low MET:

e Obtain events with large “fake” Er™iss

2.5F

Data / SM

1.5

eValidate the estimation in a dedicated control region e B

150 200 250 300 350 400 450 500 550 600
ET*™ [GeV]
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Fake lepton background estimate

eGeneral approach to fake lepton |° A_fak:f lepton lepton can
- - arise rrom.
background estimation based on a loose/

tight matrix method e Off-axis HF

semileptonic decays
e Example with 1 lepton (easily extendable to

. . * Photon conversion
multi-lepton signatures):

e Strategy: define a “loose” (pre-selected) and a “tight” (signal) lepton selection.

* Then, solve the following system of equations § e
- Jra-toam B Wajae (@@ estimate)
£210° +el
Nloose _ N’{eogfe + N}‘;‘;{Ze E - Electron Channel :;D;igUGRA R
NS = g uNioot® + & ke Nigse v
Need to be measured independently *

1 s,
from data Simply count how many of them |

tight € fake loose a i T il . e
N fake — N real m Tk AT V75 E
(Frea ¥ Epake I

Data / SM

0 100 200 300 400 500
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Irreducible background estimate

¢ Normalisation of irreducible backgrounds done
in dedicated CR

) NiMC i,data MC i,data MC’
Nip = e (Nog™ - Z NEg <) =T(Ngg"™ - Z NG

CR j=process j=process

S 16
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Irreducible background estimate

* Normalisation of irreducible backgrounds done o4 Systematic
. - £
in dedicated CR IS
S
. NLMCo , : statistics
Vip o N e~ ey (TN, s ey | SIS
b= e - S e TR j - R
contaminaticy
o [f YNmc"MC small, then all systematic Closeness to signal region

uncertainty associatedto T

S 16
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Irreducible background estimate

systematic

>

¢ Normalisation of irreducible backgrounds done
in dedicated CR

uncertainty

statistics

Nl MC
SR t,data ],MC 1, data __________
&, M . - .
NSR C <NCR N ” oo
NG signal
CR J process proce

Contamina‘[io)n

o [f YNmc"MC small, then all systematic Closeness to signal region
uncertainty associatedto T Background (and
uncertainty) determination
e Typical uncertainties considered: verified with the use of
the validation regions

Experimental uncertainties: Theory uncertainties:
-Trigger efficiency -Generator modelling (pr,Ur, ME/PS Calculation done
-Jet energy scale and resolution matching, &s scale choice when possible - . - -
-Lepton energy scale and efficiency  otherwise compare generators) performlng & co,mbmed fit
-Et™ss soft component - PS uncertainties (typically compare Pythia to all CR (signal
-b-tagging and Herwig) contamination accounted for
-Luminosity - PDF choice exclusion)

-pileup modelling
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O, [pbl: pp =~ SUSY ]

¢ |If gluinos are light, they can be produced in
pairs and decay through (on- or off-shell) stops/
sbottoms

VS=8TeV _|

e gluino mediated stop/sbottom production

1 ‘ R ‘ L1 ‘ L ‘ 1 1 ‘ L1 ‘ 1 1 ‘ L1 |
200 400 600 800 1000 1200 1400 1600
maverage [GBV]

S 18
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O, [pbl: pp =~ SUSY ]

¢ |If gluinos are light, they can be produced in
pairs and decay through (on- or off-shell) stops/ :
sbottoms 0

VS=8TeV _|

e gluino mediated stop/sbottom production 10

‘ 1N ‘ Ll ‘ L 1 1 1 1 1 1 |- —
800 1000 1200 1400 1600

1 1 1
200 400 600

.. M e [GV]
t — 79b . | . .
¢ |f gluino pair production dominant (and only stops not too heavy),
g / then the decay is ~
- ~0 ~
- i\'\\ /,Xl g H tt
\ ¢ Final state that contains up to 4 b-jets, up to 12 jets, up to 4
t — [vb leptons (possibly same sign)

Natural SUSY with ATLAS - 26th March 2013 - CERN

Thursday, March 28, 2013



O, [pbl: pp =~ SUSY ]

¢ |If gluinos are light, they can be produced in
pairs and decay through (on- or off-shell) stops/ :
sbottoms 0

VS=8TeV _|

e gluino mediated stop/sbottom production 10

1 1 1 1 1 L1 |
1000 1200 1400 1600
maverage [GCV]

\ \ Ll
800

1 1 1
200 400 600

t — 770

¢ |f gluino pair production dominant (and only stops not too heavy),
g / -0 then the decay is N ~
______ 1?\\ /,Xl g — tt
\ ¢ Final state that contains up to 4 b-jets, up to 12 jets, up to 4
t — [vb leptons (possibly same sign)

. g ¢ Not discussed in this seminar:
e Several different analyses target this final state:
e multijet (up to 9 jets) -

¢ O-lepton, 3-b jets plus MET (up to 6 jets) - ATLAS- ATLAS-CONF-2012-103
CONF-2012-145 e 3-leptons + MET - ATLAS-
e 2SS leptons + MET + (b-)jets - ATLAS-CONF-2013-007 CONF-2012-151
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O-lepton - 3 b-jets

ne»r-=p»

¢ Highest sensitivity to gbb/gtt for a large ')201 mass range is with
a O-lepton, 3 b-jets

e Two sets of SR: either at least 4 (§->bb)?1°) or at least 6 (5—
>ttX19) jets

top pair production dominant background, normalised in 1-L
control regions

Common criteria: lepton veto, p# > 90 GeV, E}“i“ > 200 GeV,

Events / 100 GeV

data / exp

T T T
ATLAS Preliminary

J Ldt=1281b"1s=8TeV
CRé

T T
e Data 2012

4444 SM total

[ top production
@l ti+b/bb production 3
@ W production .
8 Z production

( diboson

U.I.I IR

i lllllllll l[llll_lll 1

&

o
[N

1800 2000

400

jets

1000 1200

Megs = Y _pr + EF

> 3 biets, E' /ml}; > 0.2, Ag,), > 0.4
SR Ny (pr >50GeV) | pr bjets Metr
SR4-L/M/T > 4jets > 50 GeV m:%f > 900/1100/1300 GeV
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8 u % _[ Ldt=128 " \s=8Tev ~ [Jtopproduction ] 3 o
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Three b-jets - results

¢ |n case of no excess:

e First: 95% CL model independent limits
ONOvis=O0OXAXE

e Then compute A x € for specific models
and extract exclusion curve

g | 95% CLULonNgsy | 95% CLUL on o x o x € [fb]
Observed | Expected | Observed Expected
SR4-L 17.9 20.57%) 1.4 1.6
SR4-M 7.6 8.8737 0.59 0.69
SR4-T 6.5 5.0%4% 0.51 0.39
SR6-L 17.0 155753 1.3 1.2
SR6-M 5.9 6.6°7% 0.46 0.52
SR6-T 5.1 4.6%0% 0.40 0.36
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Three b-jets - results

¢ |n case of no excess:

e First: 95% CL model independent limits
ONOvis=O0OXAXE

e Then compute A x € for specific models
and extract exclusion curve

SR 95% CL UL on Ngsyy | 95% CL UL on o x & x € [fb]
Observed | Expected | Observed Expected
SR4-L 17.9 20.57%) 1.4 1.6
SR4-M 7.6 8.8737 0.59 0.69
SR4-T 6.5 5.0% 0.51 0.39
SR6-L 17.0 155753 1.3 1.2
SR6-M 5.9 6.6°7% 0.46 0.52
SR6-T 5.1 46707 0.40 0.36

¢ Model assumptions:

e §—ttX+® (BR: 100%) via off-shell
stop (little dependency on the
stop mass).

e Only free parameters: mg, mx

gg production, g — tf+%?, m(q) >> m(g)

L™= 12.8fb", \s=8 TeV

[GeV]

m_o

800

600

400

200

II|III|III|III|I

3 b-jets channel

IIIIIIllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1000 |— ATLAS Preliminary

) KB H
o e b by by by by v Ly s s i 1y |

---- Expected limit 1o,

""""" . SUsY
— Observed limit + 1 Oheory

3 b-jets, 4.7 b at 7 TeV
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Same-Sign (SS) leptons

¢ Generic signature sensitive to new physics. SS expected in many
SUSY scenarios

b

! ~+ ~+

St gy }» Gluino-stop (by,) degenerate (m;. , m;“)
6

| gluino is a majorana fermion - SS
}”‘ Y% final states enhanced

by Gluino-stop (bZ,") on-shell

A

0 Gluino-stop (t},’) off-shell (m; <m; +m,)
: { Gluino-stoz(g]") on-shell (m; > m; +m,) ® ReSUItS use the fU" 2012 dataset
o e *With respect to ATLAS-
Ty g St CONF-2012-105:

- Gluino-squark (via slepton)
0, vy

e New signal regions defined

DR sy | drectsbottom (7)) fxed m, (with and without b-jets)
ioq 7 % direct sbottom (ty,") varied m_,

RS }directsquarkmas.epton) e Sensitivity extended to other
d>a 7 gluino decay modes and to

direct sbottom production

21
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SS leptons - signal region definitions

¢ Signal regions definition based on:
j l

* mr between leading lepton and EtMiss

e E+Miss and M ' '
T and eff mr = \/Qp%E?leS(l — COS A¢(Eg}@$s7€)

Signal region Ny _js  Signal cuts (discovery case) Signal cuts (exclusion case)

SROb 0 Niers 2 3, E,’}“SS> 150 GeV Niers 2 3, ET'““S> 150 GeV, mr> 100 GeV,
m1> 100 GeV, meg>400 GeV  binned shape fit in meg for meg >300 GeV

SR1b >1 Niets 23, Ea,“i55> 150 GeV Niess 2 3, E?i“> 150 GeV, m1>100 GeV,
m1>100 GeV, meg>700 GeV  binned shape fit in meg for meg>300 GeV
SR3b 23 Njcts 2 4 Njc[s 2 5,

- ET'S< 150 GeV or my< 100 GeV

S 22
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SS leptons - background estimation

e Background processes:

e Irreducible background: ttV,

diboson—+MC used

e Reducible background (e.g. tt, Z2)
estimated with matrix method

e charge flip (for electrons): estimated
with SS to OS ratio on the Z—ee peak

Same Signep

ATLAS Preliminary _._>° b-jets

Data
\ _ S SM Total
\_[ Ldt=20.7fb , ys=8 TeV {3 Fake leptons

[ Diboson
[ Charge flip

LIl

10% R

10

Number of events / 25 GeV

data / exp

0 50 100 150 200 250 300 350 _ 400
Missing transv. momentum Ef: [GeV]

Validation regions defined at low Et™ss

Event classes VR-diboson VR-ttW VR-ttZ
Observed events 54 9 4
Expected background events 74 £13 42+19 8.0x20
Expected 7+V events 1.6+0.8 2715 3211
Expected diboson events 60 +7 04+0.1 39+13
Expected fake lepton events 12+11 L1+1.1 0905
Expected charge mis-meas. events 0 0 0
_.(ﬂ L L I AL AL AL L AL L L L B
5 10° Same Sign e e
s ATLAS Preliminary -e-Data
5 10 B SM Total
. I Ldt=20.7fb ", 1s=8 TeV [] Charge flip
Q
L ot B [ Fake leptons
g [ Diboson
bz 10? BtV
10°
10
1
<
o 2
~ W,
o 3
e I S W W R
Number of jets with pT>4O GeV
23
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SS leptons - results

+

Jott, 1 — by, m@) <m(@), m(zf) =60 GeV, ¥, = 118 GeV
; _\ L | T 1T 17T | LU | T T 17T I T T 17T | T T l—
&, 1200 - ATLAS Preliminary -Z
B) Exclusion case SROb SR1b SR3b = [ Ldt=2071" 1s=8Tev ] ,§
I 2 same-charge leptons + jets - §
Observed events 5 11 1 1000 [~ === Observed limit (+10,.") —18
 ---- Expected limit (+10,,,) ’ 1 %
Expected background events 75+32 10.1+£3.9 1.8+1.3 [ Allfimisatesi CL 18
800 [— N -3
Expected #f + V events 05+04 3415 0.6+0.4 i o i ‘ 13
Expected diboson events 34+1.1 1.4 £0.7 < 0.1 sool- ‘ ) 13
Expected fake lepton events 34+29 4431 1.0+ 1.1 - 1 15
i ! 1%
Expected charge mis-measurement events 02+0.1 0.8+03 0.1+0.1 - ! . §
400 [~ i —s
Po 0.5 0.39 0.5 - : €
L 1 42
2 -llllllllllll-"..l:‘l Il’ll:::llllllllllll-
5 700 800 900 1000 1100 1200 1300
g-g production, g— tb+)~(?, m(t) >> m(g), m(i?) = m(if) m; [GeV]
;‘1100:||II|\III‘IIII|I\II|I|II||III||II\|IIII|I||I:
[0} . . . =
O, 1000 - ATLAS Preliminary 42
o E | Ldt=20.71" ys=8 Tev 18
900 |- . 15
r 2 same-charge leptons + jets “ ~
[ === Observed limit (+10p00r) : :ﬁ\ ~ ~ :l:
800 F ---- Expected limit (+15,,) _:g g _> tt _> tb X
. —— o-leptons, > 3 b-jets, 4.7fb"".\s=7TaV. 18
700 £ i timits at 95% cL = :E; ]'
C 19
600 [~ 43
F 13
C q0
500 e 43 . .
28 with different hypotheses
r =2
E Jo
300 |- o .
C 19
: i onthe chargino mass
200 43
Cria I 111 l“l 111 | D111 | 1 I Il Il"ll 111 l 101 11 I'i 111 |'l 11 I:

100
400 500 600 700 800 900 1000 1100 1200 1300
m; [GeV]
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Summary on gluino-mediated stop production

§-g production, g— tB‘(?, \s=8TeV Status: Moriond QCD 2013
fr— LI I
%1 000 | 95% CL limits. o3 J5¥ not included. l_
G, 0-lepton, 6-9 jets L =58f7 Expected i
G ATLAS-CONF-2012-103 — gbser\t/e: |
= 0-lepton, = 3 b-jets L =128fp7 ~~ " oxpecte
800 ATLAS-CONF-2012-145 nt — (EDbserve: .
, 4 ----Expecte —
3-leptons, = 4 jets L =1281b7
ATLAS-CONF-2012-151 int = Observed -
. - Expected i
2-SS-leptons, [0-3] b-jets [L._ =20.7 fb]
ATLAS-COE\I F-201 3[-007 16 nt Observed i
600 [— a
B o -
400 — . —
3 i
I
I -
\
\ |
'
200 l. |
- :‘ i
| ATLAS Preliminary S \ il
I_lllllllllllll||l|IJ’llll‘llllllllllll_ll
500 600 700 800 900 1000 1100 1200 1300

m; [GeV]
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Direct stop/sbottom production
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o, [pbl: pp =~ SUSY ]

* The stops/sbottoms constrained by naturalness to be
not heavier than ~ 1 TeV l:

VS=8TeV _|

e Wide, dedicated effort for both direct stop and direct "
sbottom production search in ATLAS i

10k

e Sbottom decays:

10 L

1 1 I 1 1 L1
200 400 600 800 1000 1200 1400 1600

_ ~ verage [GeV]
e b1—=bX10: 0-lepton (2b + MET) 20‘] 1 StOp StatUS
* bi—=tX4*: 2-leptons SS (already T producton: T, b7, > W2 @R=1,m, <200 GeV); -+ (BR=1, m > 200 Ge)
. S‘ ._...\.llTT\ llllllll se'rvlernl‘swor rrrr _'1 1_)" :.n‘ llll _
dlSCUSSGd), 3_|eptons 8 200 ATLAS Preh-r1mnary —gssewej:mlzsi 1omlnal>) ‘-D*X?;:r' v(vm Z1E)GG 3;)06 "
n_oa _ 180 J.Ldt =47fb \‘§=7 TeV ---- Expected limits (nominal) — 11248 epton: !: " :: ;OG:V)V) 1
Elx St 1CHEP 2012 Alllimits at 95% CL, ljl (m e 2006 ’V) R
e Stop decays: 190 :

e t;—1X1%: O-lepton, 1-lepton, 2-leptons

° E*b)?#: 1-lepton, 2-leptons, O-lepton (2b +
MET)

e Final states containing Z bosons: natural
GMSB with X1°NLSP or to —t1 Z transitions 0

| |'|'1’1 | 11 1 l.l 1 | i}'l Ll |:| Ll I
150 200 250 300 350 400 450 500 550
m;, m; [GeV]

<l
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emct(bb): boost-corrected
contransverse mass

|t has an end-point at (Mprod?-
minv2)/ Mprod

e for large Am(b, X1°):
e Look for 2 b-jets (veto on third jet), large Ex™'ss

e Use Mct to suppress top; Main background: Z
(mVV)+b-jets

e for small Am(b, X19):
e Focus on events with a hard ISR jet produced

28
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direct sbottom - 2 b-jets + E7™M'ss

ATLAS-CONF-2012-165

emct(bb):
contransverse mass

|t has an end-point at (Mprod?-

minvz)/ Mprod

e for large Am(b, X19):

e Look for 2 b-jets (veto on third jet), large Ey™iss

e Use Mct to suppress top; Main background: Z

(—vv)+b-jets

e for small Am(b, X19):

e Focus on events with a hard ISR jet produced

\
=<
’_\
Events / 25 GeV

boost-

corrected

—TTT

ATLAS Preliminary
J Ldt=12.8fb", \s=8 TeV 45555 SM Total

1 llllll.l] 1 lllJllll L i

SR1
e Data 2012

[ multijets
[ top production
[ others

[ W production

I Z production
(m_.m_) = (600,1) GeV
Zl

7

7 .
................... 7
o ??//////A//W,W/,j//{ 7, ////// /
5 o ..+”... & 7 %
?50 200 250 300 350 400 450 500 550
Mgy [GeV]
Signal region Bkg. estimate | Obs. data | 95% CL UL on 0,4 (fb)
expected | observed
SR1 (mct > 150 GeV) 176 £25 172 4.2 4.1
SR1 (mct > 200 GeV) 71x11 66 1.9 1.7
SR1 (mer > 250 GeV) 25+4 16 0.96 0.61
SR1 (mct > 300 GeV) 7.4+1.7 8 0.58 0.62
SR2 95411 104 25 30
SR3a 203+35 207 42 42
SR3b 2745 21 1.0 0.74

Natural SUSY with ATLAS - 26th March 2013 - CERN

28

Thursday, March 28, 2013



ne»r-=p»

Direct sbottom search summary

2 b-jets + MET

4

51-_1 production, b, bi?
;‘ 700 B 1T T I LI B | I L B | Susy
O B o e Observed limit (+10y;,.. )
©) - ATLAS Preliminary oo
= - 7| ... Expected limit (+1c,,,)
< 600 (— . g
= - P All limits at 95% CL
500 — L1 D052’ _
e ATLAS 2.05 fb', \s=7 TeV
B ——— ATLAS 4.7 fb',\s=7 TeV _
400 -
300 |~ I I
- V]
200 [— 5
N R
1
A T e -
100 &7~ . m
2 i
i
- N 1 ]
0 | | I | | 1 1 : I 1 1 1 1 I 1 1 1 1 I I I’ 1 1 B
100 200 300 400 500 600 700
m; [GeV]
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Direct sbottom search summary

2 b-jets + MET

4

51-_1 production, b, bi?
;‘ 700 B T T I LI I 1 I T I 1 Susy
O B o m——  Observed limit (+10, cory)
0] - ATLAS Preliminary oo
= e (S Expected limit (+1c,,,)
= 600 [— - P
= - P All limits at 95% CL
500 - L1 D052’ _
- e ATLAS 2.05 fb', \s=7 TeV -
N ——— ATLAS 4.7 fb',\s=7 TeV ]
400 -
300 B B
- V]
200 [— i
B i
\:
- oA T e i i
1007 o7 K ]

™ = oo 52 O

200

300

400

500 600

m; [GeV]

700

2
2

SS-dileptons

~+

~0

b, production, 61—> o, m@E) =2mx)
| I L I L 1 I LI ! LI | LI I1 I I L L L
600 — ATLAS Preliminary 12
T | Ldt=20.7" \s=8 TeV 18
19
| 2 same-charge leptons + jets | §
500 [~ === Observed limit (+1c,.>") —8
| ---- Expected limit (+10,,.) i %
- —— 3-leptons, >4 jets, 13.0fb™", \s=8TeV i -é
400 — All limits at 95% CL | 8
- 13
- - O
L 413
i 10
300 — 2
e N — ln
B ,;\C\C'\ i 3
L 8 4=
| b ’ HR=)
\8) (2]
200 — — g
B E
- ' 12
100—1 11 1 l - l 1 | l 1:{1 l.l 1 1"1 1 I I | l 111 1—
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A
S

t; — tx7 - O-lepton

ATLAS-CONF-2013-024

e Basic idea: reconstruct two hadronic top quarks and investigate Et™ss distribution

e At high Et™'ss, background dominated by semileptonic tt decays (with a hadronic
tau)

e 30
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A
E
s

t; — tx7 - O-lepton

ATLAS-CONF-2013-024

e Basic idea: reconstruct two hadronic top quarks and investigate Et™ss distribution

e At high Et™'ss, background dominated by semileptonic tt decays (with a hadronic
tau)

Signal
Trigger Eziss
[ Nl,tp 0
7 <10 (10)
Lepton veto o _
miy -
[ Nt =6
: oy pie > 80,80,35,...35
Signal definition Mo 2
mjjj 80 to 270
i E'IT"*‘ = 200, 300, 350
I\/l |.t . .t . -t' r E_:;liss.u’ack =30
U IJe reJeC |On A¢(E?1isseg};"“‘“mk) < /3
(£ EP) -
Ad (jet, ETis) > /5
: - ' my(bejet, ET) > 175
TO p reJ eCt I O n Talu veto [ yes

30
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t; — tx7 - O-lepton

e Basic idea: reconstruct two hadronic top quarks and investigate Et™ss distribution

e At high Et™'ss, background dominated by semileptonic tt decays (with a hadronic
tau)

* top and Z—vv evaluated in dedicated control regions

e Residual multijet

background evaluated Signal 7 CR Z+jets CR ___ Multijet CR

. : . single two
Wlth Jet smeari ng methOd Trigger Eziss electron (muon) electron (muon) Emiss
Niep 0 1 2 0
P <10 (10) > 35 (35) > 20 (20) <10 (10)
Le ptOﬂ veto P2 — <10 (10) > 20 (10) —
mgy — — 81 to 101 —
. P g Py > 80,80,35,..35 > 80,80,35,.35 >80,80,35,..35 > 80,80,35,.35
Signal definition Mo >?2 > > >
mjjj 80 to 270 0 to 600 80 to 270 —
i Efss > 200, 300,350 > 200, 300, 350 > 70 > 160
T’ : : [ Epsm >30 >30 >30 >30
Multijet rejection pp(Em prisily s <23 <n/3 S /3
my (€, ETiss) — 40 to 120 — —
A¢(jet,E’l‘.’“*) > /5 > /10 > /5 <n/5
: : [ my(b-jet, EMs) > 175 - > 175 > 175
TO p reJ eCt 10N Tau veto yes no yes no
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n ~0
t1 — txq -1-lepton o5&

N ATLAS-CONF-2013-037

¢ Results updated for full 2012 dataset

e High Er™'ss for the signal because of LSP. Multiple signal regions:
* relying mostly on a harsh selection on Et™*s and mr
e tag one b-jet, reconstruct one hadronic top mass

e Dominant background: dileptonic ttbar decays (one lepton is either lost or a tau). W+ HF
also relevant

e 31
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~

t1 — tx7 -1-lepton 0T h 2

N ATLAS-CONF-2013-037

¢ Results updated for full 2012 dataset

e High Er™'ss for the signal because of LSP. Multiple signal regions:
* relying mostly on a harsh selection on Et™*s and mr
e tag one b-jet, reconstruct one hadronic top mass

e Dominant background: dileptonic ttbar decays (one lepton is either lost or a tau). W+ HF
also relevant

o o~ . . . . Requirement SRtNlshape  SRtN2 SRIN3
roduction, t,—> t %
[y 300 t‘tl‘pol Cronlt |t /‘l ‘ T | T | T ‘ T | T —_ . Dedlcated neW Optlmlzatlon : miss -
ST r T T T T T T e |3 Ad(j1, Bl ) > 0.8 0.8
15} L —— Observed limit (z10,.,.) & B
S ATLAS Expected limit (+10,,) 5 A¢(jg,;’i}?’“’5 )> 08 08 08
® - —_— imit (10 18 Y
E 29017 tepton + ets + E™* ’ * additional transverse mass| crGev) > 100 200 275
- All limits at 95% CL | % - . miss T 12
200 det=4.7fb",\s=7TeV 0.72 0.16 0.12 0.10 g V a r I a b I e S I m p r O V e S E’l’ / Hl' [GeV'- ]> 5 13 11
B , Bk I . my [GeV] > 600 140 200
- shape f!Jg e e T sensitivity at high stop e [GEV] > _ _ ]
1501 \ ak . mass amyp [GeV] > - 170 175
| g ‘t‘in\ ao‘run I%’ mfz ) m}, [GeV] > - - 80
1001 |y e e m1/Er™sS shape fit improves| . Yes Yes Yes
| . (2 toward diagonal Nt =0 - - -
50— \ o Number of b-jets = 1 1 1
[
- 7 N 1t pr (leading b-jet) [GeV] > 25 25 25
0 221 3 1 fh ) 0 rl() . 0. f[] ) 0 N4 ) .'O 9: . OP9 ) 0 ?/ . zZ p! (Second b__]et) [Gev] S _ _ _

200 250 300 350 400 450 500 550 600
m [GeV]
1
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Data/MC agreement

> 10 T T T T T
[0) ATLAS Preliminary ® Data2012
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51 — tjz(l) - Results (21 fb™)

t~|t~| production.f' - t{(BR=1)
500 T T T T l T T T T ] T T T T I T T T T I T T T T I T T T T

ATLAS Preliminary S Observed fimit (+1052S")

Q

* No excess in any of the signal regions considered (see 5450
backup for details) ES

Ldt=205f" \s=8TeV  ---- Expected limit (+10,,,)

400 All hadronic channel  ----. Expected limit (2011)

e Model: 350
~ ~ o~ 300
e stop pair production only, t1 mostly tgr, X1° bino-like 250

e BR(tX1%) = 100% 200

150

All limits at 95 % CL
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llllll]llllllIll[lI[IIIIIIIIIIIIIIIIIIIIIIIIIIIII
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T, production, £t 77
400 | T | T I T

T | T ng T
== Observed limit (+10 )

ATLAS Preliminary —— — Expected limit (+1¢,

[GeV]

)

exp: —

1-lepton + jets + E™= Expected limit (HCP12)
T

Al limits at 95% CL
300— } —
fL dt=20.7 16" ys=8 TeV

350—

Mo
XI
T

250

200
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100
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7c|)0 800
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51 — t)z(l) - Results (21 fb™

f‘f‘ production,f‘ - t{(BR=1)

T T T T T T T [ T T T T [ T T T T [ T 1T

SUsY

——— Observed limit (+10jeor)

Expected limit (+10,,,)

Expected limit (2011)

IIIIIIIIIlIIIIlIIIIlIIIIIIIIIlIIIIlIIIIlIIIIlIII

700 300
m; [GeV]

sbyy

T | T
- Observed limit (+1 Cineory)

= Expected limit (16

exp)

Expected limit (HCP12)
All limits at 95% CL

. . ) . S‘ 500 T T T 7T
* No excess in any of the signal regions considered (see 3 scof. ATLAS Preliminary
backup for details) & F [la-205mlis-sTev
400— .
£ All hadronic channel
° . 350
MOdeI' E  All limits at 95 % CL
~ ~ o~ 0 300
o . . . T -
stop pair production only, t1 mostly tg, X1° bino-like 250F-
v 200F-
e BR(X:9) = 100% :
150  ©
= &
N L 100 <
t,t; production, t,— t )”(1 Status: March 26, 2013 -
;‘ [ T | T T T T | T T T T T T T T | T T T T | T T T T | ] 50 :'_,
& 350 :_ATLAS Preliminary Ly =~21 10" {528 TeV L, = 4.7 fo' =7 TeV _: 90_0' L '300 100
S - EmoLT-t% OL CONF-2013-024 0L [1208.1447] .
£ 300~ =EiLI-t7 1L CONF-2013-037 1L [1208.2590] ]
- oLt ti? - 2L [1209.4186] :
L — Observed limits Observed limits (-10,,.,) === Expected limits N Tit, production, f— %'
250 — theo ] 400 1
C - _ %‘ | T | T |
C _ O, ATLAS Preliminary
C ] - 350(—
200— ] g L 1-lepton + jets + ET'**
L N 300 _— f Ldt=20.7 16", ys=8 TeV
1501~ . 250
N ] 150
50— ]
C 7] 100
C : ] 50
200 300 400 500 600 700
m; [GeV] 0
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n ~ (0
t1 — TXxq - more results

¢ Dependency on the model chosen:

ti, production, t,— t %, m_, = 50 GeV
10°E i

ATLAS Pl’e"minary %27, pair prod. cross sectio

¢ stop chirality - if the top quark is left handed:

C - expected limit (m
) j Ldt=20.7fb", Vs=8 TeV = observed limit (m
10°E

erved limit (mostly stop-right)
expected limit (purely stop-left)
E  1-lepton + jets + E':iss observed limit (p
10§
e 1-lepton slightly penalised by lepton
decreased acceptance

ostly stop-right)

urely stop-left)

All limits at 95% CL

e O-lepton almost insensitive to the top
chirality.

| |
10 400 600

700
m; [GeV]

D
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~ (0
t1 — TXxq - more results

¢ Dependency on the model chosen:
¢ stop chirality - if the top quark is left handed:

e 1-lepton slightly penalised by lepton
decreased acceptance

e O-lepton almost insensitive to the top
chirality.

t:t: production.t: -1

3 4502_' ATLAS Prefiminary o _ 3

e What if BR is not 100%?| = wo | ut-20sw o P I
3502— Observed Excluded Branching Ratio at 95% CL —i
e limits as a function of 300f- =
the BR (assumes the oE E
. 200}— —
other decay mode is b E
invisible) 100~ -
50; 0.67 0.65 é
80_0l = l3(%0 400 500 600 a— l7Cl)Cl — l8—00

Natural SUSY with ATLAS - 26th March 2013 - CERN

t, production, t;— t )Z? m_, =50 GeV
%

= 10%E
Q E P . ~
o E ATLAS Pre||mlnary %4# 1, pair prod. cross section
[} r - expected limit (mostly stop-right)
2 "- Ldt=20.7 fbr1, \s=8 TeV === observed limit (mostly stop-right)
10 E_ expected limit (purely stop-left)
E 1-Iepton +jets + E’:"SS observed limit (purely stop-left)
10

All limits at 95% CL

T T T )

350f—
- 1-lepton + jets + E’;”ss
300

107
102
10-3 L | 1 | | 1 | 1 [
300 400 500 600 700
m; [GeV]
1,1, proauction, t— 1%, !
T T T T T T T T T T T
= Observed limit (+1 atshle}i;)

ATLAS Preliminary

— == Expected limit (+1¢,, )
Expected limit (HCP12)
Al limits at 95% CL

fL dt=20.7 6", {s=8 TeV

exp —

Numbers give 95% CL excluded model BR
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i1 — by

¢ With respect to t —'t;(1°, the mass of the chargino is one additional degree of freedom

Hypothesis Targeted signature (3 players at 8 TeV)

2-leptons - large leptons Mr»

gaugino universality: mx.~2mxo 1-lepton (dedicated SR)

stop-chargino mass degeneracy mx:~m - 10 GeV 2-leptons - large leptons MT2

neutralino-chargino mass degeneracy (favoured if X10,X1*

2 b-jet MET; O-lept
higgsino-like): mx.~mxo e epton

2-leptons - large leptons M

Fixed chargino mass at 150 GeV 1-lepton (dedicated SR)

Requirement SRbC1 SRbC2 SRbC3 .

=, First player

AP(ja, B ) > 0.8 0.8 0.8

E™is [GeV] > 150 160 160

B/ VHr [GV'7] > 7 8 8 ¢ Dedicated optimisation of the 1-lepton analysis:
my [GeV] > 120 120 120

meg [GeV] > - 550 700 .

amz [GeV] > : 175 200 e drop the top mass requirement

my., [GeV] > - - -

- v Yo Yes e Soften requirements on Et™ss (and its significance)
Number of b-jets > 1 2 2

pr (leading b-jet) [GeV] > 25 100 120

bWl - S0 % * Introduce a cut on Mes

D 35
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/ ® Second player
~ W™

-_—
-—
-
-
-
-

~ ~:|:\ ~_9 t,-t, or b,-b, production

t 1 X 1 ( ;‘ 600 T rrr T~ ~ T~ 0
\ ~0 D o b,-b, production,b,— by,  ---expected
\ X1 o, ATLAS Preliminary | AtAscon201216s - — observed
Qe tyt, production, t,— by, - expected
= 500 . amix, x,) =5 GeV ~— observed
J Ldt=12.8fb ,1s=8 TeV i1, production, - by, --expected
Am(T, 7)) = 20 GeV — observed

: . . All limits at 95% CL, 655" not included
e 2 b + Ef™SsS analysis already discussed 400 Y

* Same signal regions as for direct
sbottom sensitive to ti—=bXi* for 30
small Am(X1*,X1°)

* | oss of acceptance due to lepton and 200
jet veto

llllllllllllllll

m(%.) + 5 GeV < 103.5 GeV ! /

/

\
|
|
|
|
|
I
I

100 —

1 l 1 1 1 1 l 11 1 1 l 1 1 1 T 1 1 1 ll 1 1
200 300 400 500 600 700
m; or m; [GeV]
1 1
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t, — bxy - Summary

Third player (2 leptons)
ATLAS-CONF-2012-167

e Basic idea: the dilepton Mt2 has an upper
bound for events where they come from Ws

6 0 missy _ . £ t
mT2(PT s P15 PT )= min {maX[ mT(pT ,qT), mT(pT ,IT) ]}
qr+rr=py"
> 106 T T T T T T T T T
8 H 1 @® Data2012
0 5 i JL dt~13.0fb 4444 SM Background
a 10 ) ] Z+jets
£ (a) same flavour C i
) =
Lﬁ 10 @ Single top
[ Fake leptons
° R

m(stop,x*,x°)=(200,190,0) GeV
..... m(stop.¢*})=(300,200,0) GeV

ATLAS Preliminary

Data/MC
oL

0 20 40 60 80 100 120 140 160 180 =200
my, [GeV]
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t, — bxy - Summary

Third player (2 leptons)

ATLAS-CONF-2012-167

e Basic idea: the dilepton Mt2 has an upper

bound for events where they come from Ws

61 € _missy _ . 1 %3
mTZ(pT ’ p"[‘ ’ pT ) - min . {max[ mT(pT ’ QT), mT(pT ’ rT) ]
qr+rr=pr*
> 10° L I L B L BELENL L BELEL A LA R L L R B
8 ¢ 1 ® Data2012
© s [ JL dt~13.0fb 54555 SM Background
~ 10° E+ ] Z+jets
= (a) same flavour —
(] 4
Lﬁ 10 @ Single top
[ Fake leptons
3 O iV

m(stop,y*,x°)=(200,190,0) GeV
..... m(stop.¢*})=(300,200,0) GeV

ATLAS Preliminary

102

0 [GeV]

m_

500

400—

300

200

100

And the summary

T{ﬂ production,'td1 — b+>~(j,52:—> W(*)+;~(?

Status: March 26, 2013

__ATLAS Preliminary

Lin=13-2110"Vs=8TeV Ly, =4.7 b {s=7 TeV

—m.= m7<° +5 GeV OL ATLAS-CONF-2012-171 —
1

Em.= 106 GeV 21 [1208.4305], 1-2L [1209.2102] -
Xl

E=m,.=150 GeV 1L ATLAS-CONF-2013-037 .

= mxl = m;‘ -10 GeV 2L ATLAS-CONF-2012-167 - |

1 -
En mxj =2x m;(:l 1L ATLAS-CONF-2013-037 1-2L[1209.2102) ]
— Observed limits Observed limits (-10,,,,) ==== Expected limits -

m.= m,+5GeV |
Ly =12.81"

v-<103.5 GeV

Natural SUSY with ATLAS - 26th March 2013 - CERN

o 2 N <106GeV m,. = 150 GeV -
% 1.51’ / I IO flb-1 I T Lo by o
‘D" 0.8 ‘ . A . : . : ﬁ 200 300 400 500 600
0 20 40 60 80 100 120 140 160 180 =200 mt~ [GeV]
my, [GeV] ‘
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Stop summary

t.t, production Status: March 26, 2013
11
;600||||||||||||||||||||||ll|l,,l|||||||||||IIII|IIII|IIII|
() . ATLAS Preliminary L,=13-21fb"{s=8TeV L =47 Vs=7 TeV ]
(D - = oL, E—>t§“(° OL ATLAS-CONF-2013-024 OL [1208.1447] -
° — o — 1L, 5—>t§“( 1L ATLAS-CONF-2013-037 1L [1208.2590] .
X 500 [~ m=m= Observed limits . oLttty - 2L [1209.4186] =
= B Ob d limits (-1 —— O0m - rh%?: 5 GeV OL ATLAS-CONF-2012-171 - 7
- served limits (-10y,e) ] 1-L2E,t —b> b‘tX;, m. 1=51oog GVeV . 21 [1208.4305], 1-2L[1209.2102] ]
B L E— t.—= b+, m = e -
.. Expected limits ' 4 Xyp My 1L ATLAS-CONF-2013-037 -
B P = 2Lt b+X1L:nx* =g - 10 GeV 2L ATLAS-CONF-2012-167 - 7
400 — = 2Lt = b, lth =2 x m’i? 1L ATLAS-CONF-2013-037 1-2L [1209.2102] 7
~ ST 0 ~ ~0 -
i b= b+, %, — w! )+X1 t—t¥ i
300 —
= x‘MV
200 — b&o/ m,. = m%?+5GeV
& L, =1281f"
m.=2xmo
100 L, = 20.7 fb"
_____ N\ — Ly =47 1"
=150 GV =
r|:.1:,‘=2o.7fb"
0 P I N T N T N W

300 400 500
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e If m(t1) ~ m(t) + m(X19) then looking for t> might be useful

¢ Natural GMSB models can have similar final states 7 (JJJ"/Z
2 -
e Dedicated 2L and 3L approaches (requiring a reconstructed ---"""" & 5((1)
on-shell Z from OS) t1 (
t

39
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e If m(t1) ~ m(t) + m(X19) then looking for t> might be useful

¢ Natural GMSB models can have similar final states 7 C/JfZ
2 -
e Dedicated 2L and 3L approaches (requiring a reconstructed ---"""" & )Z(i’
on-shell Z from OS) t1 (

* Fake lepton background estimated with

matrix method

No excess above SM predictions
* Residual Z+jets contribution to 2L analysis

_ o _ 3 " ATLAS  Preliminary  ® Daa20iz(E=sfev) 3
estimated with jet smearing method 3 [Lot=207 0" steponsraLT gy :
2 [ piboson

i " B e covm 20600 3

| [ SR2L1IA | SR2LIB | SR2L2 | SR3L1 | SR3L2 | R R

Nlepton 2 >3 NG ; -

[mee — my| < 5GeV | < 10 GeV | < 5GeV < 10 GeV - TN : =

Nb-jets >1 0 U I = L e .

NS 3,4 | 25 >5 N g

pr(et,) > 30 GeV > 50 GeV | > 40 GeV - i

pr(ety) > 30 GeV >30GeV | > 40 GeV : : S— = Sttt

[ E™s [>160GeV | > 200 GeV | > 160 GeV || > 60 GeV | J: $o] -

pr(¢f) | >80GeV | > 160 GeV | > 80 GeV - [>75Gev AL MM T * ) | , :

A ¢£€ <15rad _ 0 50 100 150 200 252miss GoV]
pr(t1) > 25 GeV > 40 GeV | > 60 GeV !

39
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final states with Z

t,-t, production, t —>Z't'1,f1—>t)”(?

S‘ 450 i I T T T T l T I T T I T L.

o o . Observed limit (+1 cﬁgg\;,)
© FATLAS Preliminary N

3?{400 — T e Expected limit (£16,,)
E j L dt - 207 fb'1 \j§=8 TeV All limits at 95% CL

E_ n¥t=mke+180 GeV _E
e Simplified model with t2,t1 and X1® only BL)|  300F -
* mi = mx1 + 180 GeV 2503— —f
e 1; production included in the sample 2001 =
E ;t’\\r ‘ E
150 | —
100F- -
501 =
; | | | | | [ | | | | | | ;I ;?I «: 11 | | | | | | | :

300 400 500 600 700
m; [GeV]

2

e 40
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Electroweak production




Electroweak X°, X* production

e Neutralinos and chargino masses of few
hundreds GeV expected in natural SUSY

models

e | HC has sensitivity to the EW coupling-
suppressed cross sections

e Give rise to multi-lepton final states

105\\\\\\\\\\\\\\\\\\\\\\

o, [pbl: pp =~ SUSY ]

VS=8TeV _|

1 1 ‘ 1 ‘ ‘ 1
800

1 1 1 1 1 1 1
1000 1200 1400 1600
maverage [GEV]

.?f'.l.ep.t.o.“.s - 2011 result

;‘250 F— susy
[0} ——— Observed limit (£16y,...)
¢ Very low SM background expected e [ Amas | Expected imit (410,
szoo N Y SUSY ref. point 2
e Decays through sleptons (BR to leptons 100% - LEP2, (1035 GeV)
optimistic) or WZ-like (challenging) decays assumed ol E
J-Ldt=4.7fb'1,\s=7TeV i
100 — m: = m. ]
% X2—>W(') X? 205
50 = —
0 L 1 I 1 1 I 1 1 1 1
0 50 200 250
m_. [GeV]
42
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Electroweak X°, X* production

Production channel Analysis
chargino pair production 2-leptons (e, Y) (4.7 fb', 7 TeV), 2-1 (21 fbT, 8 TeV)
X1:X20 production 2-leptons (e, y) (4.7 fo!, 7 TeV), 3-leptons (21 fo!, 8 TeV)
;(20;(30 production 4-leptons (e, Y, (1)) (21 o', 8 TeV)

¢ 2-leptons and 2-t analysis also sensitive to direct slepton
production

¢ 4-leptons analysis primary target is R-parity violating chargino
production

43
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X0 X - 5
X®, X* production - 3 leptons a7

S

e Two series of signal regions defined

(based on the presence of a £ Ew) ¢
reconstructed di-leptonic 2) o) . e
e Irreducible background (dominated by
di-boson production) taken from MC -
£(D) $%1 v
e No attempt for hadronic tau @ e N
reconstruction
N .
Z depleted Z enriched
Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc¢
msros [GeV] <60 60-81.2 <81.20r>101.2||81.2-101.2 81.2-101.2 81.2-101.2
. EMiss [GeV] >50 >75 >75 75-120 75-120 >120
* Reducible (fake lepton) mr [GeV] - - >110 <110 >110 >110
. . o 314 € [G 10 0 30 10 0 10
background estimated with a 280" coore store - 7! 7! 7!
matrix method Target Low mass No-slep Slepton W2Z-like No-slep No-slep
splitting off-shell Z bulk on-shell Z bulk
(. AN J
mT: transverse mass using non SFOS lepton
44
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3-leptons background prediction validation

> LR B B B L B LA B B B
S 4L ATLAS Preliminary +Data
& 7/ Total SM 1 1 H 1
s b ooy [Lanzors i e Background prediction validated in
5 , Tribosons . . . -
wE dedicated regions with different
12 T g
o background composition
B
2 2
n
g , VA
8 "51 2 /77 % Selection VRnoZa VRnoZb VRZa VRZb
05 ' msros [GeV] <8120r>1012 <8120r>101.2 81.2-101.2 81.2-101.2
0 b-je_t veto request veto request
EMiss [GeV] 35-50 >50 30-50 >50
- ——— Dominant process WZ*, Z*Z*, Z* +jets i3 WZ, Z+jets wZz
& 10 ATLAS Preliminary +Data
& 7/ Total SM
2 10° ys=8Tev IL dt=20.7 b - heducible :
3 Tribosons Selection VRnoZa VRnoZb VRZa VRZb
2 - y
" . VRnozb  Htv Tri-boson 1414 0.5+0.5 0.6 0.6 0.26+0.26
zz (13+09)x10> 45:2.38 108 £23 6.9+2.2
, iV 29+12 217 74£26 26+8
Ty 0 7 £ wz 110£21 34+15 (55+09) x10%  (1.4+0.4) x10?
/3 2
X SM irreducible (2.4+0.9) x10> 60+ 16 (6.6+0.9) X102 (1.7 +0.4) x10?
=
2 SM reducible (15+0.6)x10%> (0.7+0.4)x10> (38+14)x10> 27+13
w 1.
°LE I SM (39+1.1)x10%> (1.3£0.5)x10> (104+1.7)x10> (2.0+0.4) X102
: Data 463 141 1131 171
% 100 200 300 400

my [GeV]
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3-leptons results

> L I B T
© 10°k- ATLAS Preliminary -+ Data -
= Total SM Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc
2 1o f rsmaTev [Lat-207w’ B Diemns
2 ¥ Tribosons Tri-boson 1.7+£1.7 0.6+0.6 0.8+0.8 05+05 0404 029+0.29
"o'F SRZa BV 0 Wz 100,0 zz 1438  18:10 0252007 89+18 10204 039:028
107 iV 023£023 0212019 021*% 04104 0221021 0.10£0.10
Wz 50+9 20+4 21+1.6 235+35 19+5 5014
Z SM irreducible 65+12 22+4 34x1.8 245+35 205 5814
= SM reducible 31+14 7£5 1.0£04 413 1.7£0.7 05+04
2F E
s GE! . N E TSM 9619  29:6  44:18 249+35 22:5  63:15
B1S5E -
7. 101 2 5 B 6
*oF o | , D po-value 0.41 0.37 0.40 0.23 0.44 0.5
% 20 20 80 80 100
my [GeV]
% ! ! I ! N ! ! | ! ! ' N I N ' N ' I % T T T T T T T I i i i ! I =
o ATLAS Preliminar - Dat o L imi Dat ]
o 10° S Pre ary //;;5 o ¢ el ATLAS Preliminary > 0aa ]
o _ . educible > 3 _ 1 Reducibl 3
£ o Is=8TeV IL dt=20.7 fo = Dibosons - Is=8TeV IL dt=20.7 fb o %)%oﬁn: E
] -ﬁ v o N SHZ .ﬁl’\ll osons ]
0 SRnOZC - le xg via slep 500, 0 10 c - .xf xg via WZ 250, 0 =
1 . 7277 ]
(= RN7777777, 7777/ D
10’ =
= = = =
D 2F T 2 [
3 = =
g 1.5 é— § 1.5 ; --------------------------
1 1 ;—
0.5 ;— 0.5 i_ .................................................................................................................
0= 0= 100 150 200 250
ET™* [GeV]
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3-leptons interpretation

* Signal interpretation (simplified models) assumes wino-like X2° and X2,
bino-like X1% m(X2°% = m(X%)

e Degenerate neutralino-chargino mass excluded up to 610 GeV if decay
via sleptons is assumed

e masses up to 310 GeV excluded even for the decay through W/Z bosons

%‘ 600 (rrrrJrrrrrprTrrr T T T T T ; 300 LA LA L N L B ) N LB
- P T e . susy [0 B ]
o, - ATLAS Preliminary === Observed limit (+1c5.5") o, - ATLAS Preliminary === Observed limit (+1c525") |
o -~ - 4 - n o - - n
sz 500 — J. Ldt=20.715" \s=8 TeV ----- Expected limit (£10,,,) ] sz 250 - J- Ldt = 20.7 Tb‘, \s=8 TeV ----- Expected limit (+15,,,) _
L LT VUE ), ITEY) ATLAS 13.0fb™, \s=8TeV C R ow'7z0% ATLAS 13.0 b s = 8 TeV |
70 70 - o - 172 1 1 . s 1S = :
400 o =(—r>n|/\ +x;nltl‘)(/\z/\);(T All limits at 95% CL B B rrL‘; - ng All limits at 95% GL
C omioml % i 200 — =
X, x, a - T
300 O 150 B |
200 O 100 B —
100 50 » —
0 ik 0 [ IR R ]
100 200 300 400 500 600 a \7/00 100 150 200 250 300 350 400
Meo 5 [GeV] Meo 5 [GeV]
2" M1
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Electroweak production - 2-taus final states

e Direct X1*Xq* (’)V(1i —TLv,TV) and X12X20 (;(20_’%LT)
production (and decay via staus) investigated
with 2T final states (strategy similar to stop mr?)

| NEW FOR MORIOND "13

S T T

(o) —e- Data 2012 (\s = 8 TeV) 1

& 108 ATLAS Prellmmary 223 SM Total =

o [ Multi-jet, W+jets 3

S 105 [ Diboson —

P I Z+ets

T L al [ Iy N

o 10%H 3 Single to

g EM™, |srR e SUSY Ref. Point 1 3
10° - SUSY Ref. Point2 ]
10° J.Ldt~20.7 o' 2
10 os my, E

Data/SM
&

0 . 2 250 300
My, [GeV]
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Electroweak production - 2-taus final states

mT2 Used for nominal Used for alternative Used for validation
[ G eV] ABCD method ABCD method and systematics
e Direct X1*X1* (X1* =TLv,TV) and X1EX2? (X2°—TLT) /—\ =)
I I i i QCD+W W
production (and decay via staus) investigated CD-\ o SRD

with 2T final states (strategy similar to stop mt2)  e0r100

W W
VR-E ) VR-F
3 . - 40
| NEW FOR MORIOND 13 QCD+W w QCD+W
{ _ CR-B CR-B CR-C
0 2io0se 1 loose 1 medium .
(tight veto) 1 medium 1 tight tau-id
(tight veto)
2 " ATLAS Preliminary | - Data2012 (is =8 TeV} ]
G 10° reliminary EZ3 SM Total =
o 3 Multi-jet, W+jets 3
Ay 105 [ Diboson —
» O Z+jets E
=3 [ Iy B
o 10°E 3 Single top =
o E™, | srR = SUSY Ref. Point 1 3
103 === SUSY Ref. Point 2 -
107 I Ldt~207f0" -2
10 os my, -
1
10" )
s r4 C 7
[ y s
3 145_— 7
g 1‘@.“':’30;}‘/ /
0.5} % 4
% 50 100 150 200 250 300
mr, [GeV]
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Events /10 GeV

Data/SM

Electroweak production - 2-taus final states

mT2 Used for nominal Used for alternative Used for validation
[G eV] ABCD method ABCD method and systematics
. + . N ~ ~ ~ . ~ /—\
e Direct X1=X1*= (X1* =TLV,TV) and X1=X20 (X20—=TLT) l }
production (and decay via staus) investigated QcDAW | SRD
with 2T final states (strategy similar to stop mt2)  e0r100
W W
VR-E ) VR-F
3 . - 40
| NEW FOR MORIOND 13 QCD+W w QCD+W
i , CR-B CR-B CR-C
0 2l00se 1 loose 1 medium .
(tight veto) 1 medium 1 tight tau-id
(tight veto)
N — M+ =(Mx: + Mxo)/2
105k ATLAS Preliminary B Sara 2012 (1s =8 TeV) J
3 MultijetW-jets $ 400 T e T S 800 ]
10° %l%t?gtsson - 3 E  ATLAS Preliminary - ] & - ATLAS Preliminary .
[T : _ﬁ;{ 350 .o = e -0 0 SR combined — s o . 0 SR combined B
10k 3 Single top A - e E 7,7, =Ty () 350V) = vE, vz, - . 3 £ 250 XX, — 2% (V1) = 2x vy, J.Ld &' Tov -
SR SUSY Ref. Point 1 300 - mg J-Ldt=20A7 fio ', 15=8 TeV = - m, B t=20.7 fb, s=8 Te .
103 === SUSY Ref. Point 2 s =0.5 i Observed im:(ﬂctshiiv B C s s =05 S Observed limit (ﬂci::;) ]
Cooxg, %, g . 200 x4 “ —
102 J. Ldt~20.7 fb-1 = 250 ;— ===~ Expecled limit (£15,,,) —; E - -~ Expected limit (+1,,,) E
10 oS m,, é 200 Al 21 65°% GL = 150 :_ Allimits at 95% CL _:
1 e 150 - N/ +~ 0 —f C. ]
10" E X1 _X2 ] 100 C ]
100 E = C ]
10?2 - 3 50 :— ..................... —:
1.5 0E . = : S ]
b 0: T T T T ) S I C L AT ..I...l.l.... .
0.5 100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400
K 250 300 M. o [GeV] m.. [GeV]
my, [GeV] e ‘
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4-leptons

e Analysis sensitive to both
RPC and RPV scenarios

e One of the four leptons can
be a hadronically decaying
tau (relevant for RPV
modes)

e /Z-veto (extended to include triplets and quadruplets
of leptons) applied in some signal regions

* Irreducible background dominated by ZZ and ttZ
production

* Reducible background relevant only for the
signal regions with taus

SR N(f =e,u) N(r) Zcandidate E%‘i“ (GeV] me;[GeV]  Scenario
SROnoZa >4 >0 extended veto >50 RPC
SROnoZb >4 >0 extended veto >75 or >600 RPV
SR1noZ =3 >1  extended veto >100 or >400 RPV
SR0Z >4 >0 request >75 GGM
SR1Z =3 >1 request >100 GGM
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4-leptons

modes)

Analysis sensitive to both
RPC and RPV scenarios

One of the four leptons can
be a hadronically decaying
tau (relevant for RPV

Z-veto (extended to include triplets and quadruplets

of leptons) applied in some signal regions

production

Irreducible background dominated by ZZ and ttZ

* Reducible background relevant only for the
signal regions with taus

SR N(f =e,u) N(r) Zcandidate E%‘i'“ [GeV] m.|GeV] Scenario
SROnoZa >4 >0 extended veto >50 RPC
SROnoZb >4 >0 extended veto >75 or >600 RPV
SR1noZ =3 >1  extended veto >100 or >400 RPV
SR0Z >4 >0 request >75 GGM
SR1Z =3 >1 request >100 GGM

e Left: XsO and~i2‘l nearly mass
degenerate. Am(Xs°, X1% = 80 GeV. Plot
Am(Xs9, 1) Vs. m(X19)

~0 .0 e~ ~0 5+ ~0 5+
PP=T, X, =R TRIT—=Z FEE I

L1 K] T | LI | | T | LI | | T | L L I rrrT I rrrT | T_]

T ™S
70 — ATLAS Preliminary
C J-Ldt=20.7fb'1, \s=8TeV ]
60 - M- Mo=5 GeV ]
B mzz - mzl‘, =80 GeV ]
E \ = Observed limit (+10,,0)
50 — g \| —
i T Expected limit (+10,,,) ]
- i1 Allimits at 95% CL .
L H i

H Y
L I i
— :;' I —
30 (— & .
20 -
1111 | 1114 ‘;I 111 I L1 11 I 1111 | 1111 I L1 11 I L1 11 ] 1
100 150 200 250 300 350 400 450 500
m_o [GeV]
x‘
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More results

¢ SS dilepton analysis eNatural GMSB; 13-4 - g7 g6, withi=1,2
tanf = 5; maximal 2 3- qax’ - gar ¥ gareG, withi = 1,2

* g tt=1bs (Aszs = 1) mixing for stop; 3. 5 - ag¥E > 947 T 447,76

g-g and t production, g tt, t (RPV)— b . .

= 950 gl Ialnl B Iplr? lulcll?r;l [gl—l)l . t|(| — |)i ls REREaRECS t,-t, production, Natural GMSB model Natural Gauge Mediated Model, T is NLSP,ma»mg, u=400 GeV
= (. ] L L L L L | . 10Oy Y L
[0) - . I d= % - L | = Observed limit (+105ysy) C n
O oo ATLAS Preliminary 4= @ 800-ATLAS Preliminary ’ - .
= | Ldt=207f" \s=8 TeV s 5 - | Expected limit (+16,,,) 200 —
850 _‘ 'g £ - 4 e e e
- 2same-charge leptons + jets R 700___[Ldt=20.7fb , \/s=8 TeV ATLAS 2.0 fb™! V5=7 TeV B
[ === Observed limit (+105os") 13 : Alllimits at 85% CL F 3
800 E ---- Expected limit (+15,,,) = g sooF- E o0 - E
T Alllimits at 95% CL 13 u i E E
750 |~ -8 - ] a ]
200 E_ . E 500:— —: 900 :_ATLAS Preliminary T Observed limit (10,00 E
- 3 Tz C ] E [Ldt=20.7 fo", fs=8 TeV - ==~ Expected limit (+10,,;) | ]
o 40 - B 800 — —
650 [ 33 400~ - c :
a 1% C ] 700 - ; ; 3
600 E- EL I E -~ gluino mediated stau
- - > | _ : -1
c 15 - . 600 i i —
550 | EF - ] ~ production in GGM 7
] 1§ 200 1 sob E
S0 F 32 5 ] : models ]
- i 3 PRI B T r's \ I IR AN AN AN AR AN AN BN E ]
450 Ci11 1 I L1l I L1 11 [ L1 I L1l I 11 [I 1 E|:’| [ L1 100 400 _LIIIIIIlIllIIIllllllIIllllIlIlllllllllllll‘l_

600 650 700 750 800 850 900 950 1000 200 300 400 500 600 700m_ [%gg\/] 120 140 160 180 200 220 240 260 280 300 320
m. [GeV] f, m. [GeV]

g T
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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 26, 2013)

MSUGRA/CMSSM : 0 lep +j's + E s, a:lﬁ massI L I
MSUGRA/CMSSM : 1 lep +j's + E s g =g mass
2 Pheno model : 0 lep +j's + E 1 s 9 mass  (m@<2TeV, light%;) ATLAS
S . Pﬂeno mod?l :0lep + !'s + E 7 miss 3 qmass (m@ <2Tev, Ilghtx ) Preliminary
ﬁE Gluino med. %" (@—>qTx") : 1lep +j's + E; g mass  (m() <200 GeV, (") = J-m(;z )+m(@))
® GMSB (INLSP) : 2 lep SOS) +iS+Er gmass (tang<15)
o GMSGgM (bSP) NL82;)+ I's+ Erimss L=20.7 fb”, 8 TeV [1210.1314] 1.40Tev. g mass (ang>18)
S ino Ty + gmass  (mE)>50Gev) i
3 GGM (wino NLSP) 1 +lep + /" gmass ' [rat=@a-207) 1"
£ GGM (higgsino-bino NLSP) :y + b + ET mics g mass (m&?)ﬂzo GeV) {s=7 8TeV
GGM (higgsino NLSP) : Z + jets + E 7 e 9 mass  (m(H) > 200 GeV) s=1/, e
______________________ Gravitino LSP : 'monojet’ +E e, F"scale  (m@>10"ev)
c o3 —bby° :0lep + 3 b-j's + £, B8 Gmass  (mGi) <200 GeV)
S g T '§—>ttx 2 Sé -lep + (0-3b-)j's + E Tmiss | L5207 fb", 8 TeV [ATLAS-CONF-2013-007] 800GeV. Gmass (any m(i 8 TeV, all 2012 data
TS kS §—>tth 0 lep + multi-j's + ET miss g mass (m(z%)) <300 GeV) _
SR —>tt3g :0lep+3bys+E 5 gmass  (meZ) <200 Gev)
BB,5. by’ 1 0lep + 2-b-jets + E 8l b mass  (mG)< 120 Gev) 7TeV, all 2011 data |
£5 bb i) —>t%’ 2 éS -lep + (0-3b-)j's + E . [£=20.7 " 8 TeV [ATLAS-CONF-2013-007] - 430Gev| bmass (m@) 2m6<
35 tt (Ilght) t—>g;~(‘ 1/2 lep (+ b-jet) + E; tmass  (mG)=55Gev)
§ 3 i (medium), t—>b)<‘1 1lep +b-jet + E . [|L=2071b", 8 TeV [ATLAS-CONF-2013-037] 160-410Gev. | t Mass (m(i“’) 0 GeV, m(;(’ =150 GeV)
< g T (medlum) t—>bfx 2lep + Eq o |L=13.010" 8 Tev [ATLAS-CONF-2012-167] EGEEl t mass (m(;z =0 GeV, m(t) m(;( =10 GeV)
S5 i (heavy), t—>tx 1 Iep +b-jet + Ep o, [L=207" 8Tev (aTLAS-CONF-2013.057) 200:610GeV. tmass  (mG)
IR i (heavy), t—>tx 0 Iep +6(2b-)jets + E | [L=2051b", 8 Tev [ATLAS-CONF-2013-024] 320-660Gev. t mass ma
™ T 1t gpatural GI\}ISB ) Z(—ll) + b-jet + E Fomiss L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-025] 500Gev tmass (m(;( )> 150 GeV)
_____________ T, L1z Z(—>I) + 1_|_e_p +bjet+E " |1=2071b", 8 Tev [ATLAS-CONF-2013-025] - 520 GeV/ t mass T = m(}) + 180 GeV)
|L|L, |—>5€ 2lep + E Fmiss | L=47 16,7 TeV [1208.2884] 8595 Gev | mass m()'(
) 5'(3'( , X_,,—’*V(M 2lep+E Tmiss | L=47 1077 TeV [1208.2884] . 110-340GeV X mass (m(i ) <10 GeV, m(iv) = m()"( +m(>z°)))
i _9:" X Yo X —Tv ()2t +E Tmiss | =207 fb", 8 TeV [ATLAS-CONF-2013-028] 180-330 GeV X mass rn(;( <10 GeV, m(T¥) =(m(y;) + m(x,))
S ')'(*7(0 — I VT I(vvi) IvI I( vv) 3lep + E L=20.7 b, 8 TeV [ATLAS-CONF-2013-035] soo GeV x mass m(i m(;z mG( =0,m Iv) as above)
_____________________ ’"’ —-W fj _Z__*_T :3lep + _E_ Tomis. | L7207 b, 8 TeV [ATLAS-CONF-2013-035] 315 GeV x mass m(;( = m@z), m&; } = 0, sioptons decouplec)
e} Direct ) X palr prod. ( AMSB) long-lived % X mass (1 <%(%) <10 ns)
23 Stable g, R-hadrons : low B, [3y g mass
& GMSB, stable T : low i Tmass  (s<tanp<20)
§8 GMSB, %, °_y G : non-pointing photons %, Mass  (04<tf)<2ns)
I X —.aqu _(.F.“.D.V). 1 + heavy displaced vertex. Gmass (i mm < ct < 1 m,§ decoupled)
LFV: pp—>v +X,V —e+u resonance V. Mmass (1,010, 1,,,=0.05)
LFV : pp—v_ +X,v,—e(u)+t resonance v, mass (A3,,=0-10, 2, =0.05)
N B|I|near RPV CMSSM : 1 lep + 7 's + Er e, =g mass (e, <1mm)
%: X X W%( x —eev euv tdlep+E, L2071, 8 TeV [ATLAS-CONF-2013-036] 760 GeV x mass (m(f(?) >300 GeV, 2, >0)
X X, o X —yc-w e'w 03 Iep +1t+E Tmiss L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-036] 350 GeV x mass (m(;z ) >80 GeV,1,,,>0)
g— qqq ' 3- -jet resonance pair g mass
______________ Gt T=bs : 2 SS-lep + (0-3b-)j's + E . oo | 1520717 8TeV [ATLAS-CONF-2013-007] 880Gev| § mass  (any m(d)
Scalar %uon 2-jet resonance pair | L=4.b", 7 Tev [1210.4826] [TH00287Gevi| sgluon mass (incl limit from 1110.2693)
WIMP interaction (D5, Dirac y) :‘'monojet' + £ sI::aIe (m, <80 GV, lmitof <687 GeV o D8) |
[ I I ] ] ] 111 ] ] L1 1111 ]
10™ 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Summary

e The LHC sensitivity is well within the realm of natural SUSY (and
attacked from many different perspectives)

e Gluino mediated stop production: gluino masses up to ~1.2 TeV
are excluded with a variety of assumptions.

e direct stop production: largely excluded (up to m ~ 600-650 GeV)
assuming BR 100% in either bX1= or tX1°

e Quickly gaining sensitivity to the EW production even for decays
not involving sleptons

* The startup of the LHC has been a fruitful and exciting period for
SUSY searches

e Exciting times ahead with the LHC run at design ,/s!
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What we are typically doing

e Heavy sparticles produced in the primary collision

. . . s . M1 ~ ~
e They decay into lighter objects, emitting (high) Pt Max(g.a) T = prign) Pejet
jets and possibly other objects (leptons, photons) min(g.q)—F——7—
and MET (LSP) AM l —_——
. . ‘f ? - jet
e A “typical” SUSY event will have large MET and AmI - | :
| X —— lepton
large Ht v (missing)
Higgs->bb
e Useful variables:
jets (437 oo TR et s o
HT — pT (—l_ pT _|_ ) S, E o ) Elfﬂ'tgﬁgwf:;%leomfzao;
ot l I'_‘IQOO_jD : D'D_ Muon Channel |
]6 S [:‘E DDD ] \- [ |
. A ]
__ 1miss hmme mries e s
Megp = Ep™" + Hr S CH S
Bemaaamamen. M s
e But also other variables with well defined kinematical end ':E:-EE@EE-: "Can
point for the SM background EEE EEEEm-col: = ]
B meOe o
¢ My (lepton-MET): end point at Mw if produced in W decay el tfejmn -
C Oe = "%0g5-.
® Mr2, Mcr: assume pair produced heavy particles with oL "

1 1 I 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 l 1 ~l.~<;‘.'l"~_
0 100 200 300 400 500

visible and invisible decays .
ET™* [GeV]
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Higgs and SUSY

(4m)?
arxXiv:1212.6847

‘ ) ) 3 27‘n,2 m2 ) X2
Xt - (At +#C0t6)/m5 mi:mzzcoszﬁ+ L [10g (Eg) +Xt2 (1 . _t):|

e The Higgs mass depend on the
average stop mass and Xi

emn=126 GeV still allows for a
light t1

Average stop mass in GeV

-4 -2 0 2 4

Stop mixing parameter
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What is missing? (3@ gen)

e My own to-do list for the next few months/years:

¢ Improve limits at high stop mass:

* boosted top reconstruction?  ; (318 Light Stop Decays
— . b
e Mixed decay§ (50% t1—tX1°, \\x{ (258)
50% ti—bX.*) still not W
considered (and somewhat 8 ﬁ W
favoured, actually) x2° (142) "
29,
e Complete the investigation in 25 10 Jf 7+
the low mass region (exclude X" (114) !
independently of the stop b0 T i

0
parameters and mass x1° (108)

hierarchy).

Taken from https://indico.cern.ch/contributionDisplay.py?
sessionld=75&contribld=58&confld=181298
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Jet measurement

e Constantly improving on jet measurement and
pileup suppression techniques

e Jet energy scale known up to the ~1% level

* Pileup subtraction based on jet area method

; 1 7\ 1T ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT T TT rTTT TTTT T TT \7
z Ol T 3 ® - ATLAS Simulation -
% 0.09 E— anti-k, R = 0.4, LCW+JES + in situ correction ~ ATLAS Preliminary_f (2' 08} Pythia Dijets 2012 ]
E = Data 2012, Vs = 8 TeV ] i C anti-kt LCW R=0.4 i
e 0.08 £ m=00 [ Total uncertainty — % 0.6 r ™ h
> 0.07E = Absolute in situ JES = ~ T —— u L]
(Lﬁ TE == Relative in situ JES = %— m = = = [ i
= 0.06F ==== Flav. composition, inclusive jets - 0.4+ —
© E Flav. response, inclusive jets 3 B ]
& 0.05F Pileup, average 2012 conditions — L ]
B N ==+ Close-by jets, inclusive jets - 0.2j A A A —
© 0.04 - B
IC - A 4 A a4 2 A v
0.03 — O Yy Y iy Y )
i Y i
0.02 B ]
- J 0.2 | -
0.01 e e ——— = - —m— Before any correction .
--q.....,:_'_'_'_'.,. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | —— After pxA subtraction ]
O -a i.-‘“l!l‘!l'hiﬂui!aun.u;.lluauu.un.'u.ﬂ.uauaua‘!’.‘l'&'!.’#u"nuumumuulu _0.47_'_ Aftel’ I’eSidua| COI’I’eCtiOh _
20 30 40 1 02 2)(1 02 1 0:3 2)(1 03 71 L1l l L1l l L1l l L1l l L1l l L1l l L1l l L1l l L1l T
pr [GeV] 0 05 115 2 25 3 35 4

=
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Missing transverse momentum and b-tagging

* Missing Er (Et™ss) reconstructed from & .
the vectorial sum of all final state ¢ «
objects: k

e cach with a dedicated calibration. K

g

J-Ldt=4.2 o' ATLAS Preliminary

\'s=7TeV
PYTHIA6

Fake MET

® Data 2011
CIMCZ—pu
8 MC ttbar
3 MCwz
El MC WW

No pile-up suppression

. Real MET

D LB —
TITTTTITT@ T I

S G2
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e Missing Et (ET™S%) reconstructed from
sum of all

the vectorial
objects:

final

e cach with a dedicated calibration.

Displaced
Tracks

Secondary
Vertex

Jét

Jet

b Tagging Efficiency ¢,

1.8
1.6
1.4
1.2

0.8

0.6
0.4

0.20—

\S)
T

state

— ATLAS Preliminary

L L

stat+syst unc.

L e e e e e e A
—@— Data TagCount SL (stat) 7

— J.Ldt =47 —G— Simulation é
f— \s=7TeV
- ———e
%éeeﬁ%"""'"""""""""-'-""""e; """"""" E
E MV1 70% u+e combined
| I S SR (T S SRS NSNS SO S (N ST S S N S S S N
50 100 150 200 250 300
Jet P, [GeV]

> —r 1 1 <11
8 . J-Ldt=4.2 o' ATLAS Preliminary
10
< Ne=7TeV e Data 2011
~ . PYTHIA6 CIMCZ-pu
L 10 @ VC ttbar
(lC) = MC Wz
El VC WW
Ll>.l 10° Fake MET No pile-up suppression
10°
, Real MET
O
=
~
g
©
O e

. 250
ET [GeV]

* b-tagging: neural network algorithm
combining informations about
secondary vertex displacement and
impact parameters of jets

¢ efficiencies generally well reproduced
by MC. Systematic uncertainties of the
order of 10-15%

62

Natural SUSY with ATLAS - 26th March 2013 - CERN

Thursday, March 28, 2013



63

Thursday, March 28, 2013



RPV modes (4-lepton analysis)

U 40 -0 .0 -
PP XX, W X, WZ; %, —>VITA,>0

;‘1000_' T T TT I T ll.l I.I TT lllll LI [l T || T TT | T I T |'|_'
[0 900 - ATLAS Prellmlnary explored LSP mass range: ~
O — ) ) 3
= "F .[Ldt=20.7f51,|s=8TeV 10GeVam, <m,-10GeV .
27800~ e =
700 E_ = Observed limit (+10puc") . 4 [ _E
600 Expected limit (+10,) 1 A0 =
E DN ATLAS 4L8Tev 131" (O A0 3
500 = not explored A =
C  Alllimits at 95% CL P =
400 A —
300F- - =
200E . > s
- - E
100 .~ —
0 = ! 1111 l 11 1 | I. 11 1 | l 111 | l 11 1 :
0 100 200 300 400 500 600 700 800 900 1000
mzt [GeV]
1
PP -85 - qTX, aTL;: X, VI T Ay>0
;‘ 1 800 [ T A T T T [ |. |. T I T T T I T T T I T T I T _]
3 o TLAS Prellmlnary explored LSP mass range: _ 7
ENJGOOZ— det=20.7 f5' 528 TeV 10 GeV<mis<m§-10 GeV . _:
1400~ Observed limit (+10po) L0 . / o
- Expected limit (+15,,) W& o .
1200[— " 3
- [ ATLAS 4L 8TeV 131 -
- not explored .
1000 - Al limits at 95% CL :
0 I 1 1 1 1 } L 1 1 I L :
600 800 1000 1200 1400 1600
my [GeV]
[ |

por 4+ 20y -0 0 .
pp—>x1x1—)W xIle; x1—>vl [\ A 33>0

; 600 B T 1T 177 L [ T .I T . T I L I L I L l L I T ) T -_
[0} -  ATLAS Prellmlnary explored LSP mass range: > -
9) C 10GeV<m,<m.-10GeV_ ]
‘—3' 5001 J- Ldt=20.7fb", 1s=8 TeV 7 <Mz - ]
~ B : ]
E = Observed limit (+1c,.0") ya A\ - _
u Expected limit (+15,,.) ™ N
400 ’ v —
- not explored P -
[ Alllimits at 95% CL PR N
300 N, ‘ —
N R, \ ]
- - 2 ’
200 —
100 N
:\\ """" .-»"'.’; :
B 11 | I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 l 11 1 1 I 11 1 1 I 11 1 ]
QOO 250 300 350 400 450 500 550 600
mi: [GeV]
po. -0 .0 _0 - !
PP -89 > qax, ag%,; X, — VI T, k>0
;‘1400_[ TT ILI T 17T I l.l l.l | T 1 1 71 I T 1 1 1 I T 1 1 7T I T 1 1 7T [ T 1 1 l_
8 - ATLAS Prellmlnary explored LSP mass range: A
= A200— det=20.7f51,|s=8TeV 10GeV<m,<m-10GeV "
1S B L - N
N = Observed limit (+1puoy) % A N 4
1000— Expected limit (+16,,,,) ° P ]
] T ]
not explored > -
800 |__All limits at 95% CL - ~ ]
" - N
- — .
600~ - —
- N
400 — ]
200 -
Ll 1 1 l 11 I--l_-l--l-:-: 1 l 11 1 1 l § I - I N T - I 1 1 1 I L1l l_
800 600 700 800 900 1000 1100 1200 1300
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|
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Strong production

e Targeting generic strong production of gluinos and squarks. .

e The exact decay chain depends on the SUSY mass |
hierarchy

Ll \ L Ll \ \ \
200 400 600 800

’ q v B
4 Va ovad 505 s .
/7 \2A] %23 E
R v vV B ]
~ \ )
q ) ]
q 10 T L1 ! ! TR ! ! TR

q 1000 1200 1400 160
/ mavcragc [GCV]
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Strong production

e Targeting generic strong production of gluinos and squarks. . . o

* The exact decay chain depends on the SUSY mass |

hierarchy

e Two analyses drive the limit with 8 TeV data

O, [Pbl: pp = SUSY ]

VS=8TeV _|

1 1 1 ‘
200 400 600

1 1 ‘ 1 ‘ ‘ 1
800

1000 1200 1400 160
mavcragc [GCV]

O-lepton (ATLAS-CONF-2012-109)

1-lepton (ATLAS-CONF-2012-104)

leptons

Veto any e or y above 10 GeV

One isolated e or p above 25 GeV

jets

2 to 6 jets with pr > 60 GeV (leading jet
pr > 130 GeV)

4 jets with pt > 80 GeV

Other selections

MET > 160 GeV, reject multijet with cuts
on MET/Mefr, and angle between jets and
MET

MET > 250 GeV, Mt > 100 GeV,
additional selection on MET/Mes

Final selection

Meff

Meff
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Strong production

e No excess above SM in any of the signal
regions:

e interpreted first as a model-independent
95% C.L. limit on the visible cross
section of BSM processes

e then as an exclusion limit in specific
SUSY models

MSUGRA/CMSSM: tanf = 10, A0= 0, u>0

; 800 : T T I T T T T I T T T T | T T T T I T T T T I T T T T | T T T T
& = ATLAS Preliminary Ldt=5.8f5", 1s=8 TeV
= 750 [z i
g - 0-lepton combined
€ - S N
700 E e = Observed limit (+1c5.c")
= @\ s T e s
650 — % - -~ Expected limit (+15,,)
600 f_ Observed limit (4.7 fo ', 7 TeV)
- - Non-convergent RGE
550 —
500 [—
450 |
400 i e i
350 S - —| - "SR ;
300 : L I lr Ir\rl 7]' l 1 I;l 1 l 1 it 1 L T T 1 I 1 “I-.“l‘. 1
500 1000 1500 2000 2500 3000 3500
m, [GeV]

m, , [GeV]

‘l _| -t n Signal region
e p O Electron Muon
Observed events 10 4
Fitted background events 9.0+28 77£3.2
Fitted tf events 6.0£22 2619
Fitted W/Z+jets events 1.5£07 42+23
Fitted other background events 1.0£07 09+03
Fitted multijet events 0406 00£0.0
MC expected SM events 9.5 11.5
MC expected #f events 57 4.6
MC expected W/Z+jets events 24 6.0
MC expected other background events 1.0 0.8
Data-driven multijet events 04 0.0
95 95 95
1 - I e Dto n (eo')obs [fb] Sobs Scxp CLg
Electron 1.69 9.9 9.3+33 0.59
Muon 1.09 6.4 8.33:3 0.19
MSUGRA/CMSSM: tanf = 10, A =0, u>0
700 A T T T T T T T T T
B AT!.AS N 1 i— = Observed limit (=1 citf:;) n
L Preliminary f'—i\5-3 fb’, V=8 Tev - —
L .\9\ B § — — - Expected limit (=1 aexp) _
600 — B (-S| -Iepto\n + 4jets + MET ]
L \0% “"l\\‘_;_‘_,_,_‘— Observed limit (2011) ]
=~ \ = -
2 S |:| LEP2 .
500 |— S\ g0 [llNoewss ]
:\\\ \‘\ - Non-convergent RGE o f
b—-—s . \ ]
400 — g T NN g0
- R N S S ——
L \
o~
300 |— \
T .Y W W W SR
200 — %
L2 |
E— \ | ‘
e by b T
500 1000 1500 2000 2500 3000 3500
m, [GeV]
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Strong production

* No excess above SM in any of the signal
regions:

* interpreted first as a model-independent
95% C.L. limit on ovis of BSM processes

¢ then as an exclusion limit in specific SUSY
models

O,is =0-A-€E

"| _ | -t n Signal region
e p O Electron Muon
Observed events 10 4
Fitted background events 9.0+28 77£3.2
Fitted tf events 6.0£22 2619
Fitted W/Z+jets events 1.5£07 42+23
Fitted other background events 1.0£07 09+03
Fitted multijet events 0406 00£0.0
MC expected SM events 9.5 11.5
MC expected #f events 57 4.6
MC expected W/Z+jets events 24 6.0
MC expected other background events 1.0 0.8
Data-driven multijet events 04 0.0

95 95 95

(ea) ;. [1b] S b S CLy
Electron 1.69 9.9 9.3+33 0.59
Muon 1.09 6.4 8.33:3 0.19

e JGI]
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Strong

production

regions:

models

* No excess above SM in any of the signal

* interpreted first as a model-independent
95% C.L. limit on ovis of BSM processes

¢ then as an exclusion limit in specific SUSY

Oyis =0 -A-E

Squark-gluino-neutralino model, m(i?) =0GeV

2800

LN B B 7 I

[0]
S.2600
)]
© 2400

k mas

F

s 2200

squ

2000
1800
1600
1400
1200
1000

ATLAS Preliminary

fL dt=581", s=8 TeV

0O-lepton combined

=—— Observed limit (=1 05mor)

T T
TR ITIITTITSPVRV RPN

LragTr —

800 ! !
1000 1200

1600 1800 2000 2200 2400
gluino mass [GeV]

1400

"| _ | -t n Signal region
e p O Electron Muon
Observed events 10 4
Fitted background events 9.0+28 77£3.2
Fitted tf events 6.0+22 2619
Fitted W/Z+jets events 15207 42+23
Fitted other background events 1.0£07 09+03
Fitted multijet events 0406 00=00
MC expected SM events 9.5 11.5
MC expected #f events 57 4.6
MC expected W/Z+jets events 24 6.0
MC expected other background events 1.0 0.8
Data-driven multijet events 04 0.0

95 95 95

(€07) iy, [TD] S hs S CLg
Electron 1.69 9.9 9.3+33 0.59
Muon 1.09 6.4 8.3?5:;4‘ 0.19

e Simpified models: assume degenerate 1t and
2nd generation squarks. The only possible
production processes are gg,99,99

e only possible processes (depending on masses)
g — aax?,9 — dx1,d — ax3

Squark (gluino) masses below 1.3/1.4 (1.1) TeV
excluded for any gluino (squark) mass
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O-lepton results

Signal Region A-loose  A-medium B-medium C-loose C-medium  E-loose E-medium
MC expected events
Diboson 53.1 18.2 11.1 6.2 0.9 0.0 0.0
Wjets 264.1 53.5 519 62.9 16.4 2.1 1.9
Zly" +ets 338.2 74.7 50.4 55.0 16.1 1.0 0.8
1 + single top 74.9 8.1 14.2 42.6 5.3 2.1 1.6
Fitted background events
Diboson 53+23 18+9 11+6 6+4 09 +0.6 - -
Multi-jets 0.6 0.6 0.1+0.1 02+02 - - - -
Wjets 180 + 140 3335 32+34 4040 8+8 12x13 09=x1.1
Z]y +jets 354 £21 81 +8 59+6 67+6 185+3.0 20x1.0 06+0.5
1t + single top 67 = 16 7.6 +3.5 14 + 5 39+ 7 53+20 25x09 2014
Total bkg 650 + 130 140 + 33 115+30 15531 33+x8 57=x1.7 3517
Observed 643 111 106 156 31 9 7
Po 0.498 0.500 0.500 0.486 0.498 0.161 0.108
UL on Ngg s 2248 339 438 65.7 17.9 10.4 9.9
UL on o s ¢ (fb) 38.8 5.84 7.55 11.3 3.09 1.79 1.71
Signal Region A-tight  B-tight C-tight D-tight  E-tight
MC expected events
Diboson 33 0.2 0.0 0.8 2.6
Wjets 6.6 5.6 2.1 34 33
Z]y +jets 74 4.5 1.9 1.3 1.3
tf + single top 1.0 1.1 0.6 1.8 2.7
Fitted background events
Diboson 3331 02=x14 - 08x04 26x20
Multi-jets - - - 04£05 01x02
Wjets 3x4 27x34 03=x05 - 08=x13
Z]y +jets 6822 51x1.7 20=x1.1 25x11 12x07
1t + single top 0808 08+09 06=05 26x16 51x33
Total bkg 145 87+34 2812 63x2.1 104 CR SR background | CR process CR sclection
gbsuvcd 0 4£ 0 SOg 0 49(; 0. 50(5) i 493 CRY | Z(— wvv)+jets y+jets Isolated photon
UL on Nggas 8.9 73 33 6.0 9.3 CRQ QCD jets QCD jets Reversed Ag(jet, ET*) i, and ET™ /myn(Nj) cuts
UL on 5. (1) e L2 057 . L CRW | W(— &v)+jets | W(o &)+jets | 30 GeV < my (€, E¥) < 100 GeV, b-veto
CRT | tfandsingle-t | tf — bbgq'¢y 30 GeV < my(£, ET™) < 100 GeV, b-tag
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Common criteria: lepton veto, p’,’ > 90 GeV, E{?‘iss> 150 GeV,
=2 bjets, EF's fm: > 0.2, A9 > 0.4

min

CR | N; (pr > 50GeV) | pr b-jets Mgy corresponding SR
CR4 > 4jets > 50 GeV | mf; > 500 GeV | SR4-L, SR4-M, SR4-T
CR6 > 6jets > 30 GeV | mi%! > 600 GeV | SR6-L, SR6-M, SR6-T

Table 2: Definition of the two control regions used to estimate the ¢ background.

channel CR4 VR4-1 VR4-2
Observed events 2518 249 158
Total background events 251880 291£50 176 £30
(MC prediction) (2400 = 700) (280 % 100) (170 £ 60)
tt+ jets events 1936 +200 217+40 126 24
(MC prediction) (1800 = 600) (210+70) (120 +40)
tt + b/ bb events 155+ 150 46+46 25425
single top events 125+45 12+5 8+3
tt + W/Z events 28+15 3+2 4+2
W /Z events 269+120 12+7 13£8
diboson events 5+3 - -
be:m,;=1000 GeV, Mo =600 GeV 39+16 12+£2 29+5
Gbb : my = 1200 GeV, myo = 1 GeV 8.9+£55 0.1+0.1 0.1£0.1

Common criteria: lepton veto, p",1 > 90 GeV,
> 3 bijets, EF'S /m. > 0.2, A¢) > 0.4

min

VR | Nj(pr >50GeV) | pr b-jets EPss [GeV] m.gr [GeV]

VR4-1 > 4jets > 50 GeV | 150 < EFiss< 200 mzy > 500

VR4-2 > 4jets > 50 GeV EFiss> 200 500 < m:’ﬁ. < 900

VRé6-1 > 6jets > 30 GeV | 150 < EF's*< 200 m’%! > 600

VR6-2 > 6jets > 30 GeV EFis> 200 600 < mT' < 1100
channel CR6 VR6-1 VR6-2
Observed events 255 52 34
Total background events 25520 55+15 3249
(MC prediction) (255+100) (55+26) (32+17)
tt + jets events 205+30 35+8 20£5
(MC prediction) (205 +80) (35+16) (20£11)
tt + b/bb events 24+24 1616 949
single top events 10+4 2+1 1£1
tt + W /Z events 5+3 1£1 1£1
W /Z events 11£6 1£1 21
diboson events - - -
Gt : my = 1000 GeV, mys = 400 GeV 15£5 5.9£0.6 8.6+0.8
Gtt : my = 1200 GeV, mzo = 1 GeV 3.6+1.6 02+0.1 0.1£0.1
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events / 100 GeV

channel SR4-L SR4-M SR4-T channel SR6-L SR6-M SR6-T
Observed events 38 8 4 Observed events 20 4 2
Total background events 4610 10.7+£2.9 29+1.0 Total background events 186 6.3+24 22+13
(MC prediction) (44£17) (10.3£4.6) (27£1.3) (MC prediction) (18+9) (6.3x£3.4) (22x1.8)
t?+jets events 30+6 7.0+1.8 24409 tt+ jets events 12+4 43+1.9 1.7£1.0
(MC prediction) (29+11) (6.6+2.5) (23%1.1) (MC prediction) (12x6) (4.3x24) (L.7£15)
tt + b/ bb events 8.1+83 25+25 0.1+0.2 tt + b/bb events 4.6+5.0 1.3+14 02+03
single top events 3.5+1.3 0.4+0.5 02+0.1 single top events 0.6+0.3 0402 0.2+0.1
tt + W/Z events 1.4+0.8 0.5+03 0.2+0.1 tt+W/Z events 0.8+04 0302 0.1+0.1
W /Z events 2.6+1.9 0.4+0.6 - W/Z events 0.1x0.1 - -
diboson events - - - diboson events - - -
be:”,g:]o()ocev,m%ﬂ:(,oocev 30+7 11+3 3.8+1.3 Gtt:m§=IOOOGeV,m2?=4OOGeV 18+3 8.8+2.2 36+1.2
Gbb : m; = 1200(;9\/,,,,2,1;. =1GeV 17+2 17+2 1542 Gtt: my = 1200 GeV, mso =1GeV 8.2+04 7.8+£0.5 6.8+0.6
35 T s 18 e e
C ATLAS Preliminary © Data2012 ] ® 16 - ATLAS Preliminary © Data2012 1 _ & production, § - bb+7_, m(@ >> m() L™ _ 128", \s=8 TeV
30—_ . ;% SM total . o o % SM total . E L |‘ |. T T T T T [ T T T |. |. L I
- /% _[ Ldt=128m"s=8Tev ~ [Jtopproducion 3 S 14 - I Ldt=128f"vs=8Tev ~ [Jtopproducton ~ J 2 4" ATLAS Preliminary B Brpecedimislon,
25 % B t--b/6b production — o I 7+b/bb production ] £ [ 3b-jets channel —— Observed limit + To5per
- SR4-L @3 W production E >~ 1oE SR6-L @ W production 7 r C 3bjets,47'at7Tey ]
C %f 8 Z production ] 8B o B Z production . r Alllimits at 95;/ .CL ]
20— [ diboson — % 10 [ diboson - C ° a1
o Gbb: m. = 1000, m =600 ] LI>J - waw. Gtt:m, =1000,m, =400 ] r . -
- x . r %, 1 - .
15— Gbb: m. =1200,m =1 —] 8 Gtt:m, =1200,m, =1 r ]
- 9 b ] = 9 %, . [ —
I éé . 6 — -] E 3 E
1004 7 E - ] - T
C [ n 4 - . C % ]
| i ; ER |
v e S . - D e E .
8 Y P, % ; 200 1400
00 1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 m; [GeV]
mj [GeV] miel [GeV]
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SS-dilepton

s [ ' N ATLAS Preliminary ~ Divoson Valdaton Region
(C-)I) 25—_ ® Data 1
S - _[L dt=20.7fb" \s=8Tev NSMTotal -
P - ity ]
- [ piboson —
_.d:: 20_— [ Fake leptons ]
uCJ [ Charge fiip ]
15 —
10— =
5 =
E L e e ! . I S
s 2F T T T T T T
R s
8 F ? AN\
NP R R AU R BRI RN
?00 200 300 400 500 600 700 800
Mes [GeV]

diboson VR
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ATLAS Preliminary
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T
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® Data
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iy

[ Diboson
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o | |
800 4(')0 560 660 7(I)0 8(30 960 :I
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1000
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m-

-9 production, §— 1%, m(t) < m(@), m(x’) = 60 GeV
1200 T 11T | T 17T l |1 L l T 17T | 1 L | T T 1]
r P 1
1100 ATLAS Pfellmlnary b
| Ldt=20.7fb", \s=8 TeV 18
- - O
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- === Observed limit (+1c}..") y 18
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SS leptons - background estimation

Same Signe e
ATLAS Preliminary -@-Data
p SM Total
I Ldt=20.7 fb , ys=8 TeV []Charge flip
[ Fake leptons
[ Diboson

e Background processes:

Number of events

* Prompt leptons: ttV, diboson—MC used

e “Fake lepton” (e.g. tt, Z) estimated with matrix

method
e charge flip (for electrons): estimated with SS to e F N E
OS ratio on the Z—ee peak £ Aaila;a;ia I LG
0% i 2 3 4 % ? ;
Number of jets with pT>4O GeV
g F T T T  aneseer 1 ® Prompt lepton background validated in VR:
0 N ATLAS Preliminary _._E‘;g‘le‘s 7 . ) ) . _
5 10? \ J Lat=2071" 1s-8Tey SYSMTol ¢ dibosons: 2 jets, no b-tags, intermediate Er™ss
§ . [ Diboson = . . B
s N B crarge ] e ttW: 2 SS leptons, 2 b-tags, intermediate Er™'ss
8 N it + -
s 105 N E e ttZ: 3 leptons (SF, OS pair compatible with Z), 1 or 2 b-tags,
Z B N N - intermediate Ex™miss
1 < =
E Event classes VR-diboson VR-ttW VRAZ
o X g Observed events 54 9 -
° 2 < w\ \E Expected background events 7413 42+19 8.0x20
©
S 1 \\\\ N \-\ Expected #+V events 1.6 +0.8 27+1.5 32+ 1.1
© \\ §§§k SN X\& Expected diboson events 607 0.4+0.1 39+13
% 50 100 150 200 250 300 350 400 Expected fake lepton events 1211 L.1+1.1 0905
Missing transv. momentum E:"SS [GeV] Expected charge mis-meas. events 0 0 0
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Signal region definition

ne»r-=p»

» 2 b-jets (130, 50) GeV
» veto 3rd jet (above 50 GeV)
» mgt> 150, 200, 250, 300 GeV

» 2 b-jets (60, 60)

» veto 3rd jet (above 50 GeV)
» EPSS > 200 GeV

» mcr> 100 GeV

>

HT,2 < 50 GeV
jet N
HT2= )" pr
jet>2

» ISR jet 130 GeV, anti
b-tagged

2 b-jets (30, 30) GeV
A®(ERIsS jetl) > 2.5
pr b-jet 1 < 110 GeV
HT,3 < 50 GeV

Yy v v v

SR3 (b):

» all SR3(a) cuts
» Ess 5250
» pr jetl > 150 GeV
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ne»r-=p»

Control region definition

e Background estimation

S /8
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Control region definition

e Background estimation

e top/W control region:
e 2 b-jets

e 1-lepton, 40 GeV < Mt< 100
GeV, similar selection as SR

e At high Mct W and top both
relevant

—_
[}
S

T T T T T —T
ATLAS Preliminary SR1: 1lepton CR
1 ® Data 2012
Ldt=13.0fb'\s=8TeV 2z swol
[ top production
[ others
3 W production
B Z production

Events / 20 GeV
3

Data / SM
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Control region definition

e Background estimation

e top/W control region: e /Z control region:
e 2 b-jets e 2 b-jets
e 1-lepton, 40 GeV < Mt< 100 e 2-lepton same flavour,
GeV, similar selection as SR
select the Z peak
e At high Mct W and top both .
levant . e “Mimic” MET by
“neutrinising” the leptons
> 104 T ' o " T ' T 4 T T T T T T T T T
2 ATLAS Preliminary SA1: 1 loton E T e Proliminary orte2 eon O E
& 10° Ldt=130fb'\s=8TeV 44 suom © Ldt=130M'\s=8TeV o 2202 .
E (] top production §2) Cj top production 3
S > L] Others . o [ Others .
2 o -WproducFlon > 102 3 W production =
] B Z production w [ Z production E
10 10 ”
1 147
10" — 10"
E E
@ 5 of
] ~ B ]
a , E )7 A% Yl %l 4
100 150 200 250 9050 60 7080 90 100 110" 120" 130" 140

mer [GeV]
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Control region definition

e Background estimation

¢ top/W control region: e /Z control region:

e 2 b-jets

2 b-jets

e 1-lepton, 40 GeV < Mt< 100
GeV, similar selection as SR

2-lepton same flavour,
select the Z peak

e At high Mct W and top both N
relevant e “Mimic MET by

“neutrinising” the leptons

10* .
. 10 T T T T T T T T T
SR1: 1 lepton CR o
ATLAS Preliminary .1 105:1;;112 ATLAS Preliminary SR1: 2 lepton CR
Ldt=13.0fb"'\s =8 TeV 55 SM Total e Data2012

Ldt=13.0fb'\s=8TeV 455 SMTotal

[ top production
[ others

[ W production
8 Z production

[ top production
[ others

3 W production
B Z production

Events / 20 GeV
3 &

Events /5 GeV
E;w
[N IIIIILI.I.| IIIIILI.I.| [T

Data / SM
Data / SM

LA A T A T
90 50 60 70 80 90 100 110 120 130 140
m, [GeV]

¢ top control region:

e 2 b-jets
e 2-lepton different flavour

e Very pure top control

Events / 20 GeV

Data / SM

region
10* T T T T T 3
ATLAS Preliminary SR1: 2 lepton (ex) CR =
1 ® Data2012 7
10° Ldt=13.0fb \s=8TeV 54444 SM Total =
= [ top production E
- [ others —
10% = [ W production —
§ B Z production E
10 E|
1€ VA
10" =
F T T T T T 17
Py ) / V, /
i 27
NN I EUN R A
00 50 100 150 200 250 300

mer [GeV]
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Control region counts and systematics

Channel CRILSR1 | CR2LSR1 | CR2LDFSR1 * Normalisation factors for the
Observed events 104 102 51 backgrounds in control
Fitted bkg events 104 + 11 102 £ 11 51 +7 :

Top production 70 4+ 16 18 + 4 5047 regions Close to 1 for top, to

Z production 1.5 + 0.4 82 4+ 12 — 1.2 for Z

WPFOdUCtion 25i19 _— — % 10* |||||||§
Others 8 + 4. 2.4+4+1.3 0.8 + 0.4 o F oamas peimney T cunon ]
% ° JLdt=12.8 fb", 15=8 TeV % iiote E
0 . . i 102 [ top production _;
e Systematic uncertainties: Sones -
— A -
e b-tagging uncertainties (~15%) | Sl . e

¢ jet energy scale uncertainty (~10%)

. . . . s
e /Z production theoretical uncertainties (5%) NS
o 1 _»Vé///////,é«/ 7, 4’ /Av//
3 Fo . : A ‘ 7
950 200 250 300 350 400 450 500 550
mer [GeV]
- Channel SR1, mgy selection SR2 SR3
e Results Compatlble 150 GeV | 200 GeV | 250 GeV | 300 GeV SR3a | SR3b
. Observed 172 66 16 8 104 207 21
with SM baCkground SM Total 176525 | 71211 | 2554 | 74£17 | 95&11 | 203£35 | 2745
- - . Top production 45=13 176 7+3 1.6£0.6 15+4 14640 15%5
pred|ct|ons N a| | Z production 85=15 | 36+6 1242 4.0+09 60+9 27+9 7+2
_ _ W production 28+23 | 12£10 | 43 11 15£5 | 22+£7 | 41
Others 63 4+2 | 14+£08 | 07+04 | 4x2 4+2 | 1.5%09
Slgnal reglons Multijet production | 1212 2+2 02+02 | 0.01£0.01 | 0.6+0.6 4+4 —
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O-lepton, 2-b jets stop searches

Signal region Bkg. estimate | Obs. data | 95% CL UL on BSM event yield | 95% CL UL on o (fb)

expected observed expected | observed
Y 95% CL_ model Independent SR1 (mcr > 150 GeV) 176 +25 172 55 54 42 41
] . SR1 (mcr > 200 GeV) 7111 66 25 22 19 17
u pper I|m |tS on BSM event SR1 (mer > 250 GeV) 25+4 16 125 7.9 0.96 0.61
0 SR1 (mcr > 300 GeV) 7.4+1.7 8 75 8.0 0.58 0.62
yleld and O-ViS SR2 9511 104 32 39 25 3.0
SR3a 203435 207 54 54 42 42
SR3b 2745 21 13.1 9.6 1.0 0.74

e 80
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O-lepton, 2-b jets stop searches

ne»r-=p»

yield and Ovis

* 95% C.L.

=5 GeV

Signal region Bkg. estimate | Obs. data | 95% CL UL on BSM event yield | 95% CL UL on o (fb)
expected observed expected | observed
Y 95% C L model Independent SR1 (mcr > 150 GeV) 176 +25 172 55 54 42 41
) ] ) . SR1 (mcr > 200 GeV) 71£11 66 25 22 19 17
upper I|m|ts on BSM event SR1 (mer > 250 GeV) 25+4 16 125 7.9 0.96 0.61
SR1 (mcr > 300 GeV) | 7.4+17 8 7.5 8.0 0.58 0.62
SR2 95:+11 104 32 39 25 3.0
SR3a 203+35 207 54 54 42 42
SR3b 27+5 21 13.1 9.6 1.0 0.74
i-i or 51-51 production
;‘ 600 T | T T 1T ] T T 1T | P - - ted
. H = = - b.-b, production,b,.— by ---expecte
() 121 1
limit very similar for the & [ ATLAS preliminay | #Eevmei " e
= + - B t-t, production,t,— by, - expected
sbottom and the stop case if Am(X1%,X1°%) &< | Mm-S — observed
500~ J Ldt=12.8 fb_1, \s=8 TeV t1, production, t,— by, expected
Am(T, 7)) = 20 GeV — observed
Alllimits at 95% CL, o5 not included

* A clear loss of acceptance (because of
lepton and jet veto) if Am(X1%,X1%) = 20 GeV

et—bX;:* (BR 100%) excluded up to

m: ~ 600 GeV for nearly degenerate

chargino and neutralino masses

400
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IIIIIIIlIIIIIIIII

100 =~

IIVI lrl 11 l | | l 11

miy,) +
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/
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O-lepton stop

> LA AL I LR B A LR SRR B (1)1045"'1"‘l T T T T T T = >1045""l""|""|"" LA B B~
[0 ATLAS Preliminary ® Data2012 = E ATLAS Preliminary ® Data2012 3 [) E ATLAS Preliminary 3
1G] ) $5% SM Total o E . 555 SM Total . o o | ® Data2012 3
o 10t _[Ld1=20,5fb,|s=8TeV (e Ll>J ~ _I-Ldt=20.5fb,|s=8TeV [ . o ~ JLdt:ZO.SbeS:&TeV 4445 -
2 e [ SingleTop 10° i, @ singleTop - ~ 10k . . SM Total -
PN 1-lepton, CRTop E;>200 GeV v E 1-lepton, CRTop E7™">200 GeV TR 3 E E Z+jets CR, After 6 jets Z_ E
‘ac: 10° C = w ] 5 C I« 7
& 10'E = B E
102 e 17)-(400,1) GeV = wees (1,3)(400,1) Gev E ]
= ({,i)=(600,1) GeV 10k = ({,)=(600,1) GeV - 10k -
10 = : = :
1 E E E
L % ] C
2 S i E
3 15 ; L] e — - "“""“1‘"7'y/// ----------- 3 2
o o 1E . 3 s
= w E —— E =
S o5 // B 05F-rnmmeemmernmnee e + Z 7///% ---------- 3 3
0 0 E 3
0 700 200 300 400 500 600 700 > 800 4 6 8 10 12 i > 16 ‘
my(b,ET™) [GeV] Miegs ET** [GeV]
Signal region (ec)? [fb] Ll s‘g,{p CLg
SR1 0.49 10.0 10.6°3% 0.39
SR2 0.17 3.6 5342 0.20
SR3 0.19 39 4543 0.27
Uncertainty SR1 SR2 SR3
Number of events SR1 SR2 SR3 Total 18% 33% 45%
Observed v 2 ! Background sample sizes (data and simulation) 10% 17% 21%
Expected background 17.5+3.2 47+£15 27+12  Jetenergy scale and resolution 10% 10% 25%
5 0/ 0,
Expected 17 9.8£2.6 19£13 09£07 ;t.heory 10% 19% 2%
- +ets theory 4% 8% 8%
Expected 7 + W/Z 1.7+£1.0 0.7£04 0.51+0.30 tf + W /Z theor 5% 8% 10%
Expected Z+jets 21£1.0 12£0.5 0.8+04 Y
Expected W+jets 12408 0.32+0.29 0. 19:5;33
Expected single-top 1.5+09 05+04 0373
Expected multijet 0.12£0.12 0.01+0.01 < 0.01
Expected diboson 1.2+1.2 <0.22 <0.22
Fit input expectation tf 9.9 1.7 0.6
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Z In stop decays

CR2L1 CR2L2
lepton flavour ee, uu eu ee, uu ey
Nb-Jcts > 1
Agtt < 1.5 rad
Niets 3,4 >5
Mgy —my| | 2 10GeV, < 50GeV | <50 GeV | = 10 GeV, < 50 GeV | < 50 GeV
Emiss > 160 GeV > 120 GeV
pr(£f) > 80 GeV
SR2L1A SR2L1B SR2L2 SR3L1 SR3L2
Data 10 1 2 4 2
Total SM 124+£23 27+x1.2 38x14 || 5820 1.2x06
Diboson 14+12 0.8+0.7 0303 |[1.0£06 | 03x0.2
t+V 09+07 (036009 1404 (3314 | 1.1x0.5
Fake-lepton 03+05 00+002 |00+003 || 1.5+1.0|-02+03
i 8622 1.1+£0.7 1.9+£13
Z+jets 09+03 |0.13+0.07 | 0.2+0.1
Single top 0.09+006 | 04+0.6 < 0.2
i (beforefit) || 82+33 | 10407 | 27427 Obs. (exp.) upper limits || SR2ZL1IA  SR2L1B  SR2L2 SR3L1
Npon-sM 75(09.00 35@.1) 42(52) |55(64)
Tvis [fb] 0.36 (0.43) 0.17(0.20) 0.20 (0.25) | 0.27 (0.31)
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Z

IN stop decays

> T >
& 10° ATLAS Preliminary . g;ta;O;Z ( \’§d= 8TeV) = 8
= E |Ldt=207" 2 i) 1 <
I E =20. epton CR2L1 Ol Msingetop ¥
® - [ Fake-lepton [] Diboson 7 2
g 1 3 Ez+ets ity = 2
= E
e =
[ [
A 1 3
5 2 Ly ' E
8 % * R e 8
150 200 250 300 350 400 450
ET** [GeV]
> 10° g1 PN
3 ATLAS  Preliminary ® Data2012(Vs=8TeV) 3
o . ) 2N SM Background .
@ Ldt=20.7fb" 3-lepton, 2 jets 3 v -
2 102 [ piboson =
g - Fake-lepton 3
w -== G, (m =500 GeV, m =20 GeV)
10 =
1 =
10"
5 o i
'g 1 A L] & k L L 3
a E b E
0 50 100 150 200 250
ET* [GeV]
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E 4 #4454 SM Background =
C _[L dt=20.7fb" 2-lepton CR2L2 Clie [ single top .
B [ Fake-lepton [ Z+jets N
EZ th+v |:| Diboson

TTTT

[

L1 IHIII|

L 7
4
//. [
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Ermlss [G eV]
10° T
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p 2 SM Background
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|:| Diboson

- Fake-lepton

- L, (m =500 GeV, m =20 GeV) -]
\ ¥

———
ATLAS  Preliminary
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N\
10

E Iy 3
2F 3
1 R j r I l \ & E
: R E
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Events / 40 GeV

Data/SM

Events / 30 GeV

Data/SM

T T T T
ATLAS Preliminary ® Data2012(Ys=8TeV)
10* 4 %444 SM Background —
JL dt=20.7fb" 2-lepton SR2L1A  mz+jets O 3
[CIDiboson MdSingletop
3 Oifsv @ Fake-lepton
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102 =
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15 et et
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2§ R L - / %
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TAAs ey ¢ S
N SM Background 7
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|:|Diboson
10 [ Fake-lepton =
. - b, (m =500 GeV, m =20 GeV) ]
........ Y x, 7
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Events / 60 GeV

Data/SM

Z In stop decays

T T~ T T T T T T T T T T T T T T [ T T T 7T
=  ATLAS  Preliminary ® Data2012(Vs=8TeV)
C 2 SM Background
J.L dt=20.7 fb" 3-lepton SR3L2 3 i+

|:| Diboson
10 = [ Fake-lepton

............ === bt, (m =500 GeV, m =20 GeV)
t, 3

| IIIIIIl

10"
2 E
1 \% s
0 50 100 150 200 250
ET*® [GeV]
> T T I o e R I L B
8 10* ATLAS Preliminary . Data 2012 ( {s = 8 TeV) =
4 %444 SM Background =
g IL dt=20.7fo" 2-lepton SR2L1B  mz4jets Cloiboson ]
E 10° O Ott+v —
c [dSingletop  [@Fake-lepton I
o -~ 1, (m-=600 GeV,m. =500 GeV)
w d 1

102

10

1 IIIIIII| | IIIILLL| 1

1= | e, | P e, :
E W77/ 3
= g E
7] 2F 3
g Eoe » L. / g
g BT I i 7 7
0 50 100 150 200 250 300 350 400
E;HISS [Gev]

e Natural GMSB limit (2L) - Higgs mass set to
126 GeV; tanp = 5; maximal mixing for stop;

* X109, X1* and X2° assumed
like

to be higgsino-

T, production, Natural GMSB model

%‘ - 1T I T 1T | T 'I T .l rrra Observed ||m|t (i" thhgcs)ryy)

o 800-ATLAS Preliminary

s R Expected limit (£16,,,)

E -
700 _—I Ldt=20.7fb", \5=8 TeV ATLAS 2.0 fb",\5=7 TeV

C All limits at 95% CL

600 -
500 -
400F -
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200F ~
100 11 | L 111 | | I_
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2-leptons stop searches

>
e A dedicated two-lepton analysis addresses best the case = [rat-130m"
t1—=bX1* (BR 100% and X1=—=>W=X19) if Am(t1,X1%) not too small § (@) same flavour
w @ Single top
. . | — F_akeleptons
e Same and different flavour leptons considered T ooy o
. ATLAS Preliminary
e Main SM background: tt, WZ
¢ Basic variable used to reject tt, WW: M2
& & _miss : £ 3 g os i/ ,
'nTZ(pT1 ) pTzs Pr ) = min {max[ mT(PT' ) QT)s mT(pTl, rT) ]J S i s B T 120 40 160 180400
q] +r.l.=p’!llll.\\ e, (GeV]
500 H‘ production,ﬂ - )"(:b 300 7‘71 production,fI - Z:b
3 [ ATLAS Preliminary wassessi 1 8 [ ATLASPreliminary mijmi)-10cev ]
‘} 450 | Lat=13.0fb"Ns=8Tev — E" 250 :_ Ldt=13.0fb"\s=8TeV _:
w00 - T o 1 = e 2 ]
. . . C . . 200 — i % CL =
The exCIuSIOn |Im|t 350 :_ All limits at 95% CL _: E All limits at 95% :
concentrated in  swof 4 s =
regions with small 250 ERTy =
Am(t1,X1%) 200 ,,... E > ]
C. - 'ﬂj ............ 3 50 =
150 7 — r ]
P S I I P I I B I T T T P S . I
150 200 250 300 350 400 450 500 550 150 200 250 300 350 400 450 500 550
m; [GeV] m [GeV]

86

Natural SUSY with ATLAS - 26th March 2013 - CERN

Thursday, March 28, 2013



1-lepton

L =20.7fb ' /s=8TeV ATLAS Preliminary

Dta 1 N Nnon-sm Tis [1b]
: Upper limits Obs. | Exp. | Obs. | Exp.
N e e SREN2 107 | 100 ] 05 | 05
10550 < 60 145 + 23 101 +26 - SRtN3 8.5 6.7 0.4 0.3
S 190|268 g 119 g[113 15 P
K 1535 £260 [760 =120 695 = 151 P SRbC1 83.2 1976 | 4.0 4.7
& 1521 y 721 s 663 . SRbC2 195 | 157 | 0.9 0.8
OB =116 [1962260 [os01=104 SRbC3 7.6 76 | 04 0.4
3122 1962 2591 :
60 14 10 19 R SRtN1shape
% 100 < EF™ < 125GeV | 85.7 | 89.8 | 4.1 4.3
igzgz 85 :é’ + 56 iiﬁ +103 f 125 < EF™ < 150GeV | 49.8 | 45.0 | 2.4 2.2
60 1 1 4 R 3 ETS > 150 GeV 389|555 1.9 2.7
100 125 150

B (GeV)

(S 37
Natural SUSY with ATLAS - 26th March 2013 - CERN

Thursday, March 28, 2013



Regions WCR-SRbCI TCR-SRbC1 TVR-SRbC1 SRbC1
Observed events 2358 2944 785 456
Total background (fit) 2358 + 151 2944 + 119 806 + 123 482 + 76
tt 440 = 180 (440) 2160 +210(2170) 630 + 100 (630) 400 = 90 (400)
t+V 28+1.6 14 + 8 59+34 14+7
W+jets 1780 = 240 (2080) 540 + 170 (630) 120 + 40 (140) 45+ 17 (52)
Z+jets, V'V, multijet 100 + 80 37 + 28 5+5 S5+4
Single top 39 + 25 190 = 90 46 + 31 19+ 10
Regions WCR-SRbC2 TCR-SRb(C2 TVR-SRb(C2 SRbC2
Observed events 1139 264 76 25

Total background (fit) 1139 + 45 264 = 19 75+ 26 18+5

tt 130 + 80 (150) 204 + 29 (240) 61 +25(71) 9+5(11)
t+V 1.3+09 25+ 1.5 1.0+ 0.7 24+1.3
W+jets 940 = 100 (1000) 26 = 12 (28) 5.8+£2.7(6.2) 33+2.0(3.4)
Z+jets, V'V, multijet 50 + 40 1.3+1.2 0+0 0+0
Single top 16 +13 30+ 14 75 34x1.5
Regions WCR-SRbC3 TCR-SRbC3 TVR-SRb(C3 SRbC3
Observed events 665 144 39 6

Total background 665 + 33 144 £ 17 42+9 73

it 60 x40 (80) 106 = 23 (141) 31 £ 8(42) 24+ 15(3.1)
t+v 0.8+06 1.8+ 1.1 0.6 +0.5 0.8+0.6
W+jets 560 60 (610) 17+ 8(19) 47+2.0(52) 1.7+ 1.7(1.9)
Z+jets, V'V, multijet 33+ 26 0.5:(’]:_2; 0+0 0+0
Single top 10+7 18+9 6+4 20+ 1.0
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Regions WCR-SRtN2 TCR-SRtN2 TVR-SRtN2 SRiN2
Observed events 165 204 23 14

Total background (fit) 165+ 15 204 £ 16 29+ 10 13£3

tt 31+ 18(30) 139 + 26 (138) 22 = 8 (22) 7.5+£29(7.5)
tt+V 04+03 1.4 +0.8 04+03 22+1.2
W+jets 122 + 28 (157) 44 + 19 (57) 46+2.6(59) 1.5+ 0.8 (1.9)
Z+jets, V'V, multijet 11£9 5+4 0.1:93 0.4+03
Single top 1343 14+10 2119 1.1+0.5
Regions WCR-SRtN3 TCR-SRtN3 TVR-SRIN3 SRIN3
Observed events 149 175 22 7

Total background (fit) 149 + 25 175+ 19 28+ 14 5+2

tt 20+ 15(24) 96 + 33 (118) 19 + 12 (24) 1.8+ 1.0(2.2)
i+V 03+03 1.5+09 0.48 + 0.35 1.0+ 0.7
W+jets 117 +29(131) 55 £25(61) 53+2.6(59) 1.5+ 1.3(1.6)
Z+jets, VV, multijet 10+ 8 38+35 0.179% 0.14:2-1%
Single top 16717 19+11 26+1.9 0.53+0.24
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==>

z = 0b-jet = lb-jet

=
100 < E5™ +925GeV 60 < my <90 GeV 60 < my < 90 GeV 90 <my < 120GeV 120 < my < 140 GeV my > 140 GeV

4
Observed cvr?a 1289 3122 1521 268 253
Total backgmtgl.l(ﬁt) 1289 = 85 3122+ 116 1535 + 260 291 £ 61 250 £ 57
= g
3 g 480 + 140 (430) 2720 £ 170 (2410) 1350 + 249 (1200) 260 = 60 (230) 230 £ 50 (200)
tt+V € 20x1.0 9+4 5628 1.9+09 28x+13
W+jets k= 730 £ 170 (880) 230 £ 120 (270) 110 £ 50 (130) 22 =11 (26) 12+ 10(14)
Z+jets, VV, pillijet 39 + 35 35 +35 7+6 14723 0.6+02
Singletop | 2 31+ 18 130 =70 60 + 40 8+6 6+4
125 < Ef"S <:§_in GeV 60 < my <90 GeV 60 < my < 90 GeV 90 < my < 120GeV 120 < my < 140 GeV my > 140 GeV
Observed cvc; S 825 1962 721 119 165
Total background (fit) 825 + 56 1962 + 60 755+ 119 145+ 23 174 + 28
tt 330 + 120 (290) 1740 = 100 (1510) 670 + 110 (590) 135+ 21 (118) 162 + 27 (141)
tt+V 1.4 +£09 70x£3.5 39+22 1.3+0.7 2913
W+jets 450 + 130 (640) 130 = 60 (180) 47 + 25 (68) 5+5(7) 375(5)
Z+jets, V'V, multijet 30 24 1627 34434 0.4+ 0.4 0.87)0
Single top 1912 78 + 35 27+ 19 3.4:;:3 5.7+ 1.9
E.’l'.""" > 150GeV 60 < my <90 GeV 60 < my < 90 GeV 90 < my < 120GeV 120 < my < 140 GeV my > 140 GeV
Observed events 1441 2591 663 113 235
Total background (fit) 1441 + 103 2591 £ 104 695 + 151 101 £ 26 262 + 34
tt 430 + 180 (420) 2100 + 180 (2030) 590 + 120 (570) 88 = 23 (85) 220 +£40(210)
tt+V 2.7x1.7 14 £ 8 5735 22+1.2 105
W+jets 920+ 210(1110) 310+ 120 (380) 59 + 28 (72) 6.0+3.5(7.3) 24 + 14 (29)
Z+jets, VV, multijet 60 + 60 24 +£22 273 04753 2.1+1.8
Single top 27 20 140 = 80 37 26 4+4 T+5

e 900
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_Ul_. ) 1 ) ) _Ul_. L) Ll T L)
5 i ATLAS Preliminary —e— Data 2012 5 107 ATLAS Preliminary —e— Data 2012 .
3 O G=etev|ia=207n' B8 Stendard Model (SM) a G=BTGV.J'L0'.=20.74D" B Standerd Model (SM)
10° g-tN1 shape: — 10° -tN1 shape: s .
100 GeV < E7* < 125 Gev o "V+ots .‘ .E 125 Gev < E7** < 150 Gev 3 W+oats i
10° B i+ v, single top, multjer 10° B iV, single top, mulijetsy
...... m =350, m, = 150 [GeV) - Zedets, W sesees M =360, m, = 150 [GeV] - Zedots W
10°¢ e+ channel 10° e+ channel
10°
10°
=
g 15
05
W-CR 6090 90-120  120-140 5140 WCR 6080  90-120 120-140 5140
m. [GeV] m, [GeV]
w T T L T
= ATLAS Preliminary —e— Dals 2012
g 10 :
w s=BTeV,| Ldt=207n" ERE Standard Modal (SM)
10° j-tN1 shape:
ET™ > 150 GeV
10°
10* e+ channel
10°
10°
10
1
% 15
L .
o 1 pe——
0.5

WCR 6000 90120 120-140 5140
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1-lepton

11, production, T, — b+, %~ W(')+§?, m. =2xms
x

260 : -
S‘ B | I I I I . _I ----- I l | l I ]
2 - . —— Observed limit (+10;, ") ]
= 240~ ATLAS Preliminary  _ _ Eypacted limit (+1 Oup)
= - -
E 220 __ 1-Iepton +jets + EI:ISS EXpeCted I|m|t (HCP1 2) _—
- — — 1-2 leptons (2011) N
200F- f Ldt=20.7 o, \s=8 TeV 3
C All limits at 95% CL 7]
180 -]
160 ~ -
140 -
120 -
C I ]
100 g —
80 —
60— Gl . L

100 200 300 400 500 600 700
me- [GeV]
1

T{, production, T, - b+, % — w"’ﬁf, m_. =150 GeV
%

250 1 I I | I | 1 I -I---‘--I- I I | | I QUSYI
o == Observed limit (+1 omeory)
- ATLAS Preliminary — — Expected limit (£105) ]
000|-lepton + jets + Emiss Expected limit (HCP12) N
T All limits at 95% CL
i f Ldt=20.7fb", ys=8 TeV _
M. >m =150 GeV)
150 -
100— —
[ | ] | 1 | 1 | 1 | .-1"'—] | E 1 | 1
200 250 300 350 400 450 500 550 600
m- [GeV]
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e SRZa populated almost only by WZ events

e Similar region was used with 2013 fb-' as a control region for WZ,
finding a scale factor of 1.0 + 0.1
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4-leptons

Ve!(”ﬂ) er V,:(V,-) T+
Xi / v, (7,) / po(e”) X [ vl / 77 (e7)
Sample VROnoZ VR1noZ VROZ VRIZ === ===
Al'.’.l /\133
zz 72+36  145%030  167+38  80=x12 ® ®
ZWW 0.031 £0.031 0027 +0.027 035+035 0.10£0.10 - o
iz 07005 01010 15+07 0.18+0.14 W) e ) 7
Higgs 017005 023005 45+09 064+0.16 /
v e n;" v, (v, i e (7" v, (v
Irreducible Bkg. 7436 170£034  173£39  89:14 X e ) ulve) X e i) (ve)
Reducible Bkg. 0.379] 79+3.6 2.0728 28+ 10 Aran Aiss
(© G
Total Bkg. 7.7+3.4 96+36  175+37 3710
Data 3 10 201 31 e e (p7) T e (r7)
CL, 0.10 0.54 0.51 0.30 i . o .
X1 €R v,(v.) X1 TR v, (¥.)
Azt A13s
VR N(f=e,u) N(r) ZCandidate E?,'.““’ [GeV] mer[GeV] Dominant Background
VROnoZ >4 >0  extended veto <50 and <400 VAV A
VRInoZ =3 =1  extended veto <50 and <400 Z°Z", WZ", Z" +jets
VROZ >4 >0 request <50 zZZ
VRIZ =3 =1 request <50 ZZ,WZ, Z+jets
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> ] e > i > ————
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4-leptons - results

eLeft: X3 and_ X2° nearly mass
degenerate. Am(Xs°, X1%) = 80 GeV. Plot

~

Am(X30, 1) Vs. m(X19)

~

* Right: X5% and X2° mass degenerate. m())
= (m(Xso) + m(X19)/2. Plot Am(X3®, X19) Vs.

m(X+9)
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Prospects for SUSY searches at 13/14 TeV

e |LHC is foreseen to run at 13/14 TeV after 2015 and integrate about 300 fb-1.
* |ncreased energy and pileup conditions (highly dependent on the bunch spacing)

¢ |[mpact mainly on trigger conditions:
e Short term: improve on trigger strategy - trigger on topologies

¢ Long term: dedicated hardware/software upgrades: improved calorimeter readout at early trigger
stages, single track trigger, etc.

¢ Expect to deal with increased pt thresholds at the beginning, especially for leptons (lowest unprescaled
lepton trigger of pr > 33 GeV w.r.t. current 25 GeV
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Prospects with 13/14 TeV

* Project the sensitivity of the analyses to 13/14 TeV

e _..assuming realistic running conditions and no improvement on the
analyses ()

e A lot still to be said about EW scale SUSY

Squark-gluino grid, m __ = 0. \s = 14 TeV
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