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Supersymmetry
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Minimal SuperSymmetric SM (MSSM): gaugino/higgsino mixing
Mirror spectrum of particles

Enlarged Higgs sector: two doublets '
with 5 physical states hierarchy problem
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SUSY Soft

If conserved, provides Dark Matter Candidate
(Lightest Supersymmetric Particle)
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SUSY phenomenology

Breaking mechanism and R-parity determines

and the
Exploit unbalanced
In R-parity conserving momentum from LSP
scenarios, y,°(or v) is LSP. ,—
Signatures: —> Gravitino very light (<< MeV) = is
Missing E; + jets (+ leptons) the LSP. Neutralino can be NLSP:
< - 7, = Gy
Signatures (R-parity cons.):
Missing E;+2y (+lepton/jets)
Depending on the mass spectrum
if small y*- x,° mass difference, Dedicated techniques

long-lived charginos expected
Signatures:
displaced vertex kinked tracks

squarks/gluinos heavy
Typical signatures:
Long-Lived [ quasi stable

If R-parity not conserved, search for resonances particles (R-hadrons)
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Outline

Focus on searches for R-parity conserving SUSY:

Searches for SUSY in final state events with large E M,
high p; jets (including b-jets) with and without leptons

Data-driven or partially data-driven techniques for:
QCD-multijet background
W/Z+jets processes
Top production

Summary and conclusions

Note: will show only publicly available material with the 2010 dataset
(35 pb™). On-going update of analysis for PLHC (~170 pb™) and EPS
(up to 500 pb™?)
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Production cross sections

1mb 10°

1 pb 10°

1nb 10°

1pb 10°
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SUSY Event Topology

Complex (and model-dependent) squark/gluino cascades

X /q Missing
Transverse
P & P Energy
o

Focus on signatures covering large classes of models while

strongly rejecting SM background
large Missing E;
High transverse momentum jets
Leptons

Perform separate analyses with and
without lepton veto (o-lepton [ 1-lepton [ 2-leptons )

B-jets: to enhance sensitivity to third generation squarks
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SM processes as background

SUSY events present same signature as: q] <
QCD events with mismeasured jets/semileptonic HF decay . qg

Z = vv +jets (MET+jets, irreducible background) f.i.: Z+jets
W > [v +jets (MET+jets(+leptons) where [= e,u1,1)
Top production processes

Different approaches have been followed, depending on the
analysis, with some common features:

Whenever possible, use of data-driven techniques
m to estimate absolute normalization and/or shapes

m defining ‘control’ samples and making closure tests

With 35 pb™ in several cases use Monte Carlo tools to model observable shapes
Data-driven methods sometimes affected by large statistical uncertainties
Goodness of Monte Carlo tools extensively tested!
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Knowledge of SM processes (/)

W [ Z + jets cross sections
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Knowledge of SM processes (/)

= Measured in e/u+jets (with b-tag) and
dilepton channels (combined)

Measured in e/u+jets channel
= Dominant uncertainty due to JES
= Employ the ratio of reconstructed
top to W mass (R;,)

m(t) =169.3 * 4.0 * 4.9 GeV

u+jets channel
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Object identifications

Common tools and requirements for ‘good events’ are used

Electrons
* At least 1 good vertex with N, >4 * p;>20 GeV, |n|<2.47
* reject events if electron
Jets candidates are in transition region
* anti-ky, R=0.4 (1.37<|n|<1.52)
* p;>200r30GeV, |n| up to 2.8
* Reject events compatible Muons
with noise or cosmics * pr>20 GeV, [n|<2.4
* combined/extrapolated info from ID
B-Jets and Muon spectrometer
* Exploit Secondary vertex * Sum p; of tracks <1.8 GeV in AR<0.2
reconstruction algorithm
Missing E;

* Calculated from objects and clusters

Remove overlapping objects
If AR(jet,e)<0.2, remove jet
If 0.2<AR(jet,e)<0.4, veto electron, if AR(jet,u)<0.4, veto muon

18/5/2011 Monica D'Onofrio, West Coast ATLAS Forum 2011 12



arXiv:1102.5290 (Sub. PLB)

Search in no-lepton final states

Select events with jets, missing E; and no lepton (e/u veto)
Signal regions definition on the basis of jet multiplicity
), jet p; and E;Mss thresholds and:

(

Scalar sum of objects p-
Effective mass (m,)

Stransverse mass (m,)

Phys.Lett.B463:99-103,1999
J.Phys.G29:2343-2363,2003

=) =(2) = (2) =(2)
mTz(pT 9pT 9pT)__(l) I‘_IE{IE” {maX( m (pT 9qT )m (pT 9qT ))}
(l) mzss *r
Z | p;
(i) (i) (i) (i) =)
my(py a; ) =210y 14, 1-2p, -4y
A B C D 4 signal regions
f Number of required jets >2 >2 >3 >3
E Leading jet pr [GeV] > 120 > 120 > 120 > 120
£ Other jet(s) pr GeV]  >40 >40 >40 >40 Due to trigger requirements
& EREs [GeV] > 100 > 100 > 100 > 100
5 Ad(jet, Pmiss) >04 >04 >04 >04 .. .
g SOUSLIT Jmin g g QCD-multijet rejection
£ BT /meg > 0.3 > 0.25 > 0.25
— Mg [GeV] > 500 - > 500 > 1000 ]
;: I i Enhance sensitivity to SUSY
‘= mT2 (_hf‘v] — = 300 — — y
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Results for SUSY in jets+MET
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Good agreement between data and SM predictions
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Entries / 100 GeV

DATA/SM

QCD for O-lepton
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Cross-checked with
—> fully data-driven
techniques (Jet smearing)
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QCD for O-lepton. cross checks

Non-Gaussian tail of jet response function

@ Data 2010 \s=7 TeV)

== SM + SUSY reference point J.L dt ~ 35 pb-1
— SM Total

[ QCD multijet

@ W+jets

B Z+jets

[ tf and single top

Baseline QCD estimation consistent with 10°

fully data-driven technique:

High MET events ‘generated’ from data, smearing
down low MET events on a jet-by-jet basis with 10g
measured jet energy resolution functions
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W+jets (and top background)

Non-QCD bkg dominated b
R & y Finally use MC = theoretical/modeling

W=>(missed)e/ uncertainties comparable to statistical
Top pair production ( ) uncertainty from data-driven estimates

Central value derived from MC:

W+jets: ALPGEN normalized to NNLO S 10 | 5
Top: MC@NLO (+HERWIG and JIMMY), & F —e—Data 2010 (smearedt) 7
CTEQ6 6 PDF s 10° 3 L dt~35 pb —»— Data 2010 (simulated 1) E

. & - > 2jets + E?'ss Bwow §

'_,q:_,J 102? thequﬁw _E

Cross checks on data: oo f ]
10 =5

Control regions with leptons removed ATLAS
from W data 15 E
In-situ checks for t background, derived ~_ .F ]
from W= v events

2 ‘replacement’ methods: 102 TT oy
smeared resolution function: hadronic t Q é P S e smeared T 3

decay products Considered as a Single z 21§ ] -:+ ................... -+ simulated ¢ E
additional Tjet > tjet smearing function % 9 L E

o 2§ - 3

500 1000 1500 2000 2500 3000
M [GeV]

calculated from W — tv MC
full simulation (embedding)
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Embedding method for tau: an example

Method used for data-driven estimates in searches
for charged Higgs in t-hadronic final states:
T+jets and t+leptons

SM background estimated with data-driven techniques:

Fake 1: e, or jets misidentified as 1 jets = rate from data
e,l: matrix method; Jets: in y+jet samples

QCD-multijets: in control samples with loose-no-tight t candidates
Real t (relevant for t+jets): from top and W+jets with embedding method

> _\ll\\‘\l\‘|||||||||||||||||||‘\_ > 2Oill‘I\IlII\|\II|III‘IIIlIIIl\.I\llIII‘I\I_
8 16:_1: +jets ATLAS Preliminary 3 -7 + lepton ATLAS Preliminary -
8 14k e Data - 8 1 8:— e Data B
> - e—1 fakes . o 16F e—1 fakes 3
2 q2F Bl Jot—tfakes b= C Il Jet—cfakes
o - I acD . o 14¢ E
> r 5 = b —] True 3
W 10f- True © . Wy e sional
r === H" signal ] N signa ]
8- m,=130 GeV 10 m,=130 GeV ]
6: T tan =35 J 8 tan p=35 1
45 T j Ldt=36 pb" J L di=37 pb’ 3
2 - =

0 40 60 éo’ 100 120 140 160 180 0 20 40 60 80 100120140160 180200
my [GeV] ET™® [GeV]
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Estimate of true-r background

Control samples with single and top pair
production and W+jets events with muons:

Replace muon with simulated t lepton

Re-reconstruct new hybrid events

Use these events instead of simulation:

—> Advantage: whole event is taken from data
including pile-up, HF jets etc.

Method is statistically
limited at the moment:
—> Use loose selection
with respect to baseline

18/5/2011

o
[
(&

o
()

Arbitrary units

0.15

0.05L

Monica D'Onofrio, West Coast ATLAS Forum 2011

0.25

<=
na

0.1F

:i:—'— ——Baseline

-=- | oose
—— Embedded

Simulation

E‘E + jets

-IIIIIIIII|III|IIIIIIIIIII
40 60 80 100 120 140 160 18

ATLAS Preliminary -

0

my [GeV]

Events

p+jets sample:

* one isolated m, pT>20 GeV

* at least 3 jets, pT>20 GeV

* at least 1 b-tagged jet

* m(jj) in [M\y* 20 GeV]

* MET>30 GeV, X ET > 200 GeV

——Data
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J L dt=36 pb’
ATLAS Preliminary

Colow v by v buv s
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Z + jets in SUSY jets+MET

Z+jets background is dominated by the irreducible Z=>vv + jets

Central value derived from MC:
Z+jets: ALPGEN normalized to NNLO
Control regions with leptons removed from Z data
Z+jets control sample

MET recalculated for each event artificially removing the leptons from Z-decay.
Corrections for p vs v coverage done with MC

> 2 T 7T | T 1 7T ‘ L | LI | T 1 7T ‘ LI | L ‘ LI I T 1T ‘ T 7T > 7T | LI ‘ 7T T | L ‘ T T T ‘ T L | LI ‘ L I T T | L

o 10 = e Data 2010 \s = 7 TeV) = [0) 102 = e Data 2010 Ns =7 TeV) =
9 E >2jets IL dt~35pb' = SMuoul E g E >3jets IL dt~35pb'  —SMwoa E
o - W Z-jets B o = W Z+iets B
: i I Woiets ] : B I Wa+jets 7
@ 10 = tt 3 @ 10 3 i 3
= = DiBoson - = - DiBoson 3
€ C ] = - ]
L L ATLAS - L B ATLAS -
15 Br™ +B4>100GeV o 16 B+ B2 > 100 GeV =
E 70 GeV <m; < 110 GeV 7 = 70 GeV <m; < 110 GeV 3
107 - 107 .
- . - ‘ .
1] I ‘ - | - ) I | - ‘ | - i [ | L 1 ‘ Ll L | L J L | - H L I - | - |_

0 200 400 600 800 100012001400160018002000 0 200 400 600 800 100012001400160018002000
m,, [GeV] m,; [GeV]

Additional cross checks also performed in y+jets samples:
—> generally poor statistics at medium/high MET, to be further investigated
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Phys. Rev. Lett. 106, 131802 (2011)

Search in 1-lepton final states

Require exactly 1lepton (e or u, p;>20 GeV)

+ 23 jets [p;>60,30,30 GeV]

Privilege signatures from gluino/squark cascade

decays with intermediate steps

Isolated lepton suppresses QCD multijet
background and facilitates triggering

X q
p%—p X,
NoJoRol

* Use m;as additional discriminating variable, Missing E; and jets and leptons p;

E\/z-plT-

Entries / 10 GeV

Data/SM

18/5/2011

e Data 2010 f\s =7 TeV)
— Standard Model
COmultijets
3 W+ijets
Bl Z+jets
O
@ single top

I Dibosons
«+:MSUGRA m =360 m, ,=280

1 lepton: e,

ATLAS

_[L dt~ 35pb’

3

50 100 150 200 250 300 350 400 450 500
m [GeV]

E;™ -(1—cos( Ap(l,E;" )

Entries / 10 GeV

Data/SM

e Data 2010 fs= 7 Te\.")

ATLAS — Standard Model
I multijets
;. E@W+jets
Ldt~ 35pb  EEZ+ets
it
@ single top

B Dibosons
===« MSUGRA m,=360 m

1 lepton: e, b

=280

w2

50 100 150 200 250 300 350 400 450 500
E’T"'S‘*‘ [GeV]
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Signal region and results

Signal region:
m;>100 GeV =2 to suppress W+jets and top pair production

+ Ad(jet, E;MSS) > 0.2
for QCD rejection

/ 3 et ;
MET/m ¢ > 0.25 > to suppress QCD background H,=p.+Y p;
ey e o . Miss
mM.>500 GeV > to enhance sensitivity to SUSY particles m, =H,+E;
L] T T T T ‘ T T T T T T T T I T T T |W_int‘~I3I5 Pb-: 7
> 1400 ATLAS - ® Data2010Ns=7TeV) | » One event observed in each channel
() r o o [JStandard Model . . .
. D o W MSUGRA m,=360 m, ,~280 | »  Main background: top ~ 70%, rest = W+jets
M Ch | N . . . .
e i »  Estimated with partially data-driven methods
1000 =
] > 10— T T 71— e Da@ 2010 Ns 7 Tev) | 3
800 == & - ATLAS —gta‘né?éoM(Edelﬂ Y ]
e r :lmul}ljets ]
T S ek o EmZis -
600 — T 10°E IL dt~ 35pb 5ﬁ+Jes E
. B i 8 C @@ single top ]
N = B @@ Dibosons T
400 — S 10F === MSUGRA m,=360 m, ,=280—
] E 1 lepton: e, p 3
200 - i ]
i i3 3
0 S TR R R R Al ||17 E """""""""""""""""" E
0 100 200 300 400 500 10,1; T
ET* [GeV] 7 .
.. 0 600 800 1000 1200 1400
(similar for the electron channel) e [GoV]
eff

18/5/2011
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SM background estimation (/)

. . S 180 T ]
Exploit use of control regions: S 1e0f E
H = o ]
Based on E;Miss VS M, = 140  XRTopdiep SR
Define samples enriched in a given process 120F 3
Constrain MC predictions to data in that region 100 f— XR W XR Top f
(rely on MC shapes) 8of E
. : . - no b-jet -
Extrapolate to other regions (with MC). Ex.: sofxrwros k wr ¥ 1R } XRihighm__ E
_ BkgM — 1 b-jet -
Nz (pred) =(N9ata g —NBKEMC )x (N gz e IN® g wic ) 40— A =
Systematic uncertainties on extrapolation 20 7 aR XR QCD(1) XR QCD(2) é
factors - | . | ‘ | | .
_ O —"20 20 80 80 100 120 140 160 180
W-enriched sample(require < 1 b-tagged jet) EMSS [GeV]
> ATLAS T T T g Data2010 Ns=7 TeV) | = ATLIAS ST T e Data2010 Ns=7TeV) |
0] — Standard Model 0] — Standard Model
o 10?4 I multijets o 10* CImultijets
Al 4 E@Wijets al 4 EEWijets
% , IL dt~ 35 pb EEHEIS > . _[L dt~ 35 pb El?-]ets
2 10 @@ single top 2 10 [@single top
b= @ Dibosons = I Dibosons
R -+++ MSUGRA m,=360 m, ;=280 o 102 -+--MSUGRA m,=360 m, ,=280
Muon Channel Electron Channel
10 top-enriched sample
1 (require > 1 b-tagged jet)
107 ' i
S 1wt L m 3
0(; 260 460 660 860 10I00 12b0 14|00_ UU_ 260 460 560 B(I)O 1060 1260 14|00
Mgy [GeV] Mgy [GeV]
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SM background estimation (/)

< 180¢ — .

Exploit use of control regions: S 16bE =

— Based on E,MssVS M, T 4L xRTopdiep SR

— Define samples enriched in a given process 12bE =

— Constrain MC predictions to data in that region 10D f— XR W XR Top f

(rely on MC shapes) ohF E

. . ] - ho b-jet .

— Extrapolate to other regions (with MC). Ex.: ebfxrwrop | | wr TR XR high =

- >1 b-jet -

Nt (pred) =(Ndata . —NBKeMC )x (N SR,MC [N¥ CR,MC ) 4hk 1 = -

— Systematic uncertainties on extrapolation 20 7 aR XR QCD(1) XR QCD(2) é

factors —\ | | ‘ | | .
ATLAS OO 20 \40©0 80 100 120 140160 180

I Electron Channel .
[ Muon Channel E—rplss [GEV]

XR QCD(1)

Additional control

regions at low My Used to estimate QCD in other CR
or low Missing E;

used to validate

XR QCD(2)

XRW

the assumption on Main uncertainties:

XA Top i MC shape. 1.  Theory/modeling: 50% W+jets (uncertainty
s | | on m_4 NLO shape), 25% top (comparison
o Pull: Yo = Now between generators)

ol B O ror 2. B-tagging: ~[10-25]%

FYTY IYUVE FUTTY FUUT FUTTY FUUTE FRUN ITRRURTITL SO

25 -2 -15 -1 -05 0 05 1 15 2 25

(”Pmd “Noos) / Gy
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Likelihood method (7-lepton)

Fill all useful information into a likelihood => minimize to estimate bkgs

Linju.b.8) = Psg X Pwr X Ptr X Pgr X Csyg

One poisson for signal region and for each control region

-> simultaneous fit of all regions (signal and control)

Systematic uncertainties treated as nuisance parameters

Electron channel Signal region Top region W region QCD region
Ohserved events 1 a0 202 1464
Fitted top events 1.34 +0.52 (1.29) 65.0 + 12.3 (62.9) 31.8 + 15.8 (31.0) 4014+11.3
Fitted W/Z events 0.47 £ 0.40 (0.46) 11.2+46 (10.2) 161 + 27 (146) 170 + 34

Fitted QCD events 0.0%33 37476 9.4419.6 1254 4 51
Fitted sum of background events 1.81 £ 0.75 B0+9 202 4+ 14 1464 £+ 38
Muon channel Signal region Top region W region QCD region
Observed events 1 a3 165 346
Fitted top events 1.76 + 0.67 (1.39) 85.0 £ 10.5 (67.1) 41.8 £18.6 (33.0) 40.7 +10.2
Fitted W/Z events 0.49 £ 0.36 (0.71) 7.7+3.3 (11.6) 120 + 26 (166) 7144 16.4
Fitted QCD events 0.0758 0.3+ 1.2 3.4 +12.1 225 + 22
Fitted sum of background events 2.26 4+ 0.94 93 + 10 1656 £ 13 346 +£19
Fitted predictions in agreement with observation
18/5/2011 Monica D'Onofrio, West Coast ATLAS Forum 2011 25



0 and 1-lepton results

Limit in mSUGRA

;‘ T T | T T T | T T T | T T T I T T T | T T _]
8400 B ATLAS L™ =35pb’,\s=7 TeV === Observed 95% CL limit  _| o-’epton
“1: - 0IeMoncombmedexdumon -=-=-- Median expected limit -
E‘— e . - Expected limit +1c | _
350 = —_ CMSoiTLS!Spb" = If msquark_mgluino
= LEP 217 .
- N B cri ] exclude < 775 GeV
- N\ I LEP2RET  Ge00) o
- —t ~0 T
300 |- [ |pox’i, —
B | ] poggp<o 21’ ]
_ .~ [ cOF 4, tanp=5, u<0, 2 1" ]
250 —._ ]
e §(600)
T MSUGRA/CMSSM: tanB = 3, A = 0, >0
200 1 S‘400_IIIIIIIIIIIIIIIII|IIII|IIIIIIIIIIIIIIIIII_
- & - ATLAS L™ = 35 pb™, \'s=7 TeV —— Observed limit 95% CL]
7 1 C 1 lepton, >3 jets - —-- Median expected limit ]
4 g BO— Expected limit £16 =~ |
150 ] F —— CMS jets (o), 35 pb™"
= Lo T~ B cra -
| A 300 — e X [ LEP2% 7
—_—— ~t ~o -
200 400 600 800 1000 3 DO¥,, ]
. B 1 —
MSUGRA/CMSSM: tanp = 3, A = 0, u>0. my [GeV] 250 O\ Dog, q’”<0 a1t
0 - 9‘5°°GEV’ ? I cDF g, g tanf=5, 2be
200 §(500 GeV) ]
1-lepton -
If 150 —— 0> —
msquark_mgluino § (400 Gev) \q(slmG )\ (600 GeV) ", 3 (700 GYY) I» ]
Ll L1 1 ; 1 I\I 1 L1 ‘l 1 1 L1 I"""l"‘l"‘.
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exclude < 700 GeV
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Searches in ETMiss +b1'ets arXiv:1103.4344

Submitted to PLB

Third generation squarks might be lighter than 1st, 2"
generation = possibly high cross sections:
direct pair or gluino-mediated production

Final state enriched
in b-jets => search

b/t b/t . in events with jets
-1 Miss
Q‘G‘ﬁﬁ@ (21 b-jet) +EMiss (+
-~ _ ~ >
(é RN g/f’ b 2 o/ = 1) leptons
Event selection 0-lepton 1-lepton 1-lepton
Monte Carlo  data-driven
0-lepton 1-lepton tt and single top 12.2 4£5.0 12.3+£ 4.0 14.7 £ 3.7
no-lepton (pr > 20 GeV) > 1 lepton (pr > 20 GeV) W ‘a,ncl Z 6.0 £2.0 0.8+04 +—D A
jet pr > 120,30,30 GeV, [n| < 2.5 | jet pr > 60,30 GeV, |n| < 2.5 QCD 14£1.0 04+04 050
ET™* > 100 GeV ET™ > 80 GeV Total SM 19.6 6.9 13.5 £ 4.1 14.7 £ 3.7
E‘imsﬁ.-’]mcl'f > 0.2 _ Data 15 9 9
Atleast 1 b-tagged jet (SV0, L/0(L) > 5.72,py > 30GeV, [n| <2.5) . o
Apin > 0.4 rad mr > 100 GeV & ATLAS Preliminary 0-lepton, 3 jets § i ATLAS Preliminary 1-lepton, 2 jets 3
: & 10°F IL dt=35pb'as=7TeV o o’ 3 10 IL dt=35pb'Ns=7TeV 0, Do E
0 r [ top production E r [ top production E
. . g 10°F - 2 0CF 1-lepton —
Signal regions: i Do 1 p EAWER
10; g 500 GeV, b 380 GeV 7; 10: """ g400 GeV. 1210 GeV E
o-lepton: M4 > 600 GeV : -
€ e E- E
1-lepton: M > 500 GeV i 1 o :
107Gt 200 250 300 650 400 455200 10525700 150 200 250 300 S50 o L5200

ET™ [GeV] ET** [GeV]
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SM Background: 0-lepton

- QCD: Partially data-driven
—>Top/Boson+jets: MC estimate

8 1 O E T 1 T 7T I L .I I .| T T T I T 1 T 1 I L I T .l T 7T |
- = ATLAS Preliminary 0-lepton, 3 jets
N O ~ 1 after b-tagging
e Ldt=35pb \Ns=7TeV e Data2010
2 1 04 ~ —— SMTotal
[ = [ top production
g 1 O B [ W production
Ll _E: - Z production
- |:| QCD production
2 ~
10 b4 §500 GeV, b 380 GeV
10

1

10"

2.8

1.6

0.8 2 2.4

1.2

From MC: take fraction of QCD
events passing

A(I)min >0.4

18/5/2011

IIIIIIII |||||| AN T I IIII|,[|||_|_|_L|,|_|_|,|] IIIILI,I,:II

3.2

min

Events / 50 GeV

Revert A¢,,,;,<0
Take Meff shape from A¢,,, <0.4
Uncertainties (~60%) driven by
statistics
10* L I L L L L L L B B L B R B E
= ATLAS Prellmlnary o lepton, 31ets 3
3 B A(I)mm <04 -
10 E jL dt=235 pb' Ns=7TeV ® Data2010 E
E —— SM Total . E
10°E S =
= - Z production 3
o e
1E -
107k ?;
10%5 800 1200 1600 2(300

my; [GeV]
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O-lepton bkg details (b-fets)

Breakdown of non-QCD SM-background contributions (from MC) for o-
lepton analysis at each stage of the selection (per pb™)

Cut | tt | W+ jets | W hb | Z + jets | Zbb | single top

EF'™ = 100 GeV | 3554002 | 9204+ 0.15 0.1 4+ 0.01 4.66 4+ 0.14 0.054 + 0.002 0.30 4+ 0.02
E}Pisal_-';llloff =02 [ 305£002 | 536014 0.09 £+ 0.01 42584+ 0.14 0.047 £ 0.001 0.26 4+ 0.02
1 b-tagged jet 215 £ 002 | 0.69 £0.04 0.06 £ 0.01 0.28 £ 0.03 0.022 £ 0.001 0.16 + 0.01
Apmin > 0.4 160+£002 | 0424003 0.05 4+ 0.01 0.19 4+ 0.03 0.016 £ 0.001 011 £ 0.01
Meg = 600 GeV 033001 | 0,11 £0.02 | 000640002 | 0054+ 001 | 00031 £ 00003 | 0.02 £ 0.01

Selection

| Expected events | Obszerved Events

EXes = 100 GeV

4800 £ 1600

Emis g = 0.2
b-tag
"'j“'@ﬂ'ain = 0.4
Meg > 600 GeV

2800 4 900
620 £ 200
90 £ 30
2047

ATLAS Preliminary
J-L dt=35pb'\Ns=7TeV

O-lepton, 3 jets
before b-tagging
@ Data 2010
= SM Total
[ top production
[ W production
B Z production
[ QCD production
*een §500 GeV, b 380 GeV

Events /0.2 rad

18/5/2011

b-tagging

5834
3221
656
a1
15
7 108 R I B I B e B I
s ATLAS Preliminary 0-lepton, 3 jets
N 408 after b-tagging
e JL dt=35pb’'Ns=7TeV e Damzot0
o 104 —— SMTotal
g [ top production
> 3 [ W production
o 10
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B Z production
[ QCD production
..... §500 GeV, b 380 GeV
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Systemaltic uncertainties

o-lepton analysis: theoretical uncertainties larger than JES at
high meff values

Process | MC stat | JES | bktagging | Lum. | Theor. | Pileup other Total
(lepton, trigger)

W +15% | +24% | =+24% | £11% | +£27% | +5% +3.5% 1437

A +27% +20% +25% +11% )‘-3;'5\ +5% +3.5% +45%

Top | £25% | *3 | FEn | =u%y 25 N £5% +3.5% +40%

/\_/

E ATLAS PI:e‘Il;nllr;alr;‘( Sllr;’llill‘a'tltl)r'll ‘ ‘O‘Ie‘ptlorlw rs‘elts-: ‘‘‘‘‘ § E E ATLAS Preliminary Simulation 0-lepton, 3 jets §
8 10° _[L dt = 35 pb',\s=7TeV e dMc@NOUMMY = & 0Pk IL dt =35 pb ' Ns=7TeV o on own -
> * i POWHEGNIMMY > = ISR Up E
E 102 A {i POWHEG/PYTHIA ,; E 102 _E M Eé: B:"‘” E:
=| = J 1SR Down, FSR Down I . . . .
i - 1 @ F - srersave 1 Tdils of relevant distributions
10 = 10 . == E .
- T - = E for SUSY event selection
1 - = 1E Fs < daffected by
i .Jf:—_t_ . ] ol %=, ] large theoretical
= - * E e *+ E uncertainties.
2-"||\_"__+~+T+' ..... ] Al - | I | i
10 10—+ N
; 2:_ ] ‘__ ] % 14F T T I T i 7]
® 1.5 ] <—:":_u_ _ © 1.2 1 -+ _
% 1 == +i+ 2 1 _d‘-_:_:,,c j;+_J|' I +-
‘g 0.5 — % 0'8: :*: =1 = :
o 0 ) ) ‘ ‘ r 06 ) =L ‘
g 0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
\ \ m,y [GeV] \ My [GeV]
Meff: 600 GeV =1 TeV Meff: 600 GeV =1 TeV
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7 lepton bkg details (b-fets)

QCD estimation from a Matrix method relying on 2 data sets differing
only in the lepton ID criteria: tight (standard) and loose (relaxed):

tight £ rake > i — i _
Nfﬂi’ - _.tﬂé__u_ (Nlooseg ., — N'ight) . Eg=measuredinZ
¥els pECLTd Samples
> . L B B B > T L B
(g 107 ATLAS Firel'm'"ary 1-n:on,2]ets _g O 103;_ ATLAS Preliminary y:r:ctron, T _E\ Sfake=measurEd QCD'
E JLdt:SSpb,\S=7T€'V Efd<SOGeV ] __‘_J’ i J'Ldt:35pb",\s:7TeV E;7 <80 GeV E enriched Sample
- 0 lata 2010 | = 2 ® data 2010 |
L% 10 E e I:ltop production g L% 10 E I:lIOP production ?
- W production ] - W production 7
B . Z production T r . Z production T
10k — QCD production " 10 —— QCD production . .
] ; QCD yield consistent
1 h 1 7 with O in the signal
region
0 50 100 150 200 250 150 200 250
m; [GeV] m [GeV]
Breakdown of non-QCD SM-background contributions for 1-lepton
analysis at each stage of the selection
Cut Top W z QCD | Di-hoson production Cut | Top ‘ W ‘ A | QCD | Di-boson production
1 electron with pp > 20 GeV | 244 3760 6314 | 16865 6.2 1 muon with pp > 20 GeV | 24.4 | 4700 | 770 4880 6.8
2jets (pp > 60,30 GeV) | 172 506 212 | 590 1.0 2 jets (pp > 60,30 GeV) | 173 | 70 | 155 | 65 1.0
Eﬁ‘j—‘iss = 80 GeV 4.6 104 0.3 fi.6 0.2 Er’}“""s = 80 GeV 4.7 12 (.63 0.02 0.21
mr > 100 GeV 1.0 0.38 0.025 | 0.08 0.0021 my > 100 GeV 1.0 | 057 | 0037 | 1x1074 0.02
1 b-tag 0.70 0016 3x107* | 0.06 0.0013 1 b-tag 0.67 | 0.03 | 0.002 0.002
Mg > H00 GeV 0.18 0.011 Meg > 500 GeV 0.17 | 0.013
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SM Background: 1-lepton (/1)

10

> Errrrrrrrrrrrrrprrrrrrrpr T e T T T TS
. . 8 E ATLAS Preliminary 1-electron, 2 jets 3
- i 40 GeV <m; <100 GeV ]|
—>Data-driven techniques for all bkg B CE  [La-asprtenrrey T
= QCD: “matrix-method” as in previous analyses P - B o :
. . . [= op production
—>Top/Boson+jets: exploit low correlation 2 10°F 0 o E
= production E
between MT and MEff 10 :_ :IQCDproduEtion _:
ST A U S §400GeV,1210GeV 3
E . . 15 E
S C i D(Signal Region) ; ]
U 100 ____________: _______________ NSM _N N N 10_1
! =N /iNg X Npg
e A B = / + T 3
___________ S -2 : n TR L
= 40 10% 400 800 1200 1600 . 2000
500 M .H:(GeV) m [GeV]
€ > 10% T B L L RLL L T TS
8 g ATLAS Preliminary 1-muon, 2 jets 3
Region | Data | Monte Carlo 3 10° I;_ _[L dt = 35 pb'\'s = 7TeV 40 GeV < m, <100 GeV _;I
A: 40 < mr < 100 GeV and meq < 500 GeV 103 105.1 + 1.5 ~ - ’ e E
B: mT > 100 GeV and me.g < 500 GeV 46 35.9 + 0.5 T 02 i [ top production ]
C: 40 < mr < 100 GeV and meg > 500 GeV 33 40.1 + 0.8 g 10°F [ W production E
D: mT > 100 GeV and meg > 500 GeV 9 13.5 + 0.4 - C B 2 production ]
: ; | [] QcD production N
Estimation 14.7 £ 3.7 13.7+0.4 10; ..... 5400 GeV,1210GeV 3
Ratio (164 £41) % | (101.2 +2.9)% - E
1E 3
““Closure-test” with MC = oL ]
good agreement with data - :
102

0 1200 1600 2000
meff [GEV]
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[GeV]

Interpretation in pheno-MSSM

mg

Assume gluino decays in b,b (BR=100%) * Assume gluino decays in t,t (BR=100%)
and b,~>b%°. (BR=100%) and t,>by*, (BR=100%), 1+, 2 W*y°,
m(°)=60 GeV * m(x°)=60 GeV, m(y,) =2xm(x°)
o-lepton analysis 1-lepton analysis
g-g+ 51—51 production, § — El+b , E] - b4y g9+ 11, pr?duction, g —>T‘1+t - b+7~¢:+‘ ‘
700 B T T T T | T T T T I T T T T 1I T T T T l T T T T I T T T T ] 3 b_'et Channel 1_Ie ton 2 'ets - NLO Prosplno
- ATLAS Jrat-aspn'ne-7ev —— obs. limit95% CL. - 2 el F L repen. < A+ oo limit 055% G.L —
- - ] E M) =60GeV, mit,)~2mE) e o
" 600 (— b-jet channel, O-lepton, 3jets ~ °F exp. limit 95% C.L.  _] é : m@ ) >> m() p- limit 95% C.L. n
~ 1 &) — 1,2 } —
[ m(x)=60GeV,m(g, ) >>m(@) ] o - © ]
ol e E 2 | _
- ‘:'CDF b5, 2.65 fl”" ) )p}'q@" “ | S 10k -
L DObp,5.2f" A ] - y
400 |- 5. 55 " :
- D CDF 33,5 — b+b 25 fb;‘,x" Reference point E ] 10° = =
300 [— ) : ] -
200 = e |
E P P ) NP (ORI 10 =
100 200 300 400 500 600 700 A
m; [GeV] 400 450 500 550 600
m; [GeV]
Gluino masses below 590 GeV excluded Gluino masses below 520 GeV excluded
for sbottom masses below 500 GeV for stop masses below 300 GeV
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2-leptons analysis

Search for dilepton (e,u) pairs from
neutralino/chargino decays

Two search strategies, requiring opposite-

sign (OS) and same-sign (SS) dileptons
events

Event selection
* exactly two leptons

> >
* M(Il) > 5 GeV § R Jla-wp  cpwaetrmnz 8 Jra-ssps o ormmmogeerren -
S ATLAS Preliminary [gzsjets, ww, wz,2z - = o ATLAS Preliminary Ezw jots, WW, W2,2Z |
.g 10° O, 1 E ‘g ﬁ;';ts E
Signal regions 5 Dootes - } B :
. £ Miss 107 e - i | =i e
OS: E;V'*5> 150 GeV E E
* SS: E;Miss > 100 GeV 10 E
- 10 i Ve E
1 E .
Main SM Background o s ot HH ’
* OS: top pair (estimate inCR) g °F CRRNINNN { IRARAS 0111111 3008
.. " 7 * T oL
* SS: misidentified leptons & g-w.mw it § el
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

(fakes) = data-driven as in
previous analyses

18/5/2011

TS [GeV]
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Top background for OS

Dileptonic top decays tt =2 I*vb I'vb

based on contransverse mass (im,;)

mZr(x1.x2) = [ET(x1) + ET(x2))* — [PT(x1) — P1(x2)]°

« E;Miss[60,80] GeV, 22 jets with p;>20 GeV B
* Calculate m; from 4-vectors of leptons and jets = must be consistent with tt bounds
* m(jet,l1) and m(jet,l2) consistent with top decays

g .
& 10t JLa-ssp o omemotsarren Data CR: 15 top-tagged events
FIRE) i MC CR: 21.3+3.8 (18.8 from ttbar)
L [Joijets 3
2 Ew+jets ] . . . . .
- U Estimation in Signal Region =2
10E =
= t CR—SR
i (Net)sken = ((Ndifa)m — (NS ec) ) e
g CR—SR
. I i fic " = (Ntop,mc)sren/(Nigm pc )R
o 6 ! i
) . .m‘ﬁ. e -'-'...‘ —:
“ c'0 50 100 #150 200 250 300 350 400 2 ) 8 +1 .4-1 .3

TS [GeV]

18/5/2011 Monica D'Onofrio, West Coast ATLAS Forum 2011 35



Results

Same Sign. E7 > 100 GeV

Agreement between data and SM —F_= = = T
expectations within uncertainties: Data — 0 0 TS
Fakes Tl 00300 028 Oef=t==tT 0 |
Use sum of ee,up,eun channel for SS, Dibosons  0.015£0.005 0.021 £0.009  0.035 +0.012
. . Charge-flip  0.019+0.008  0.026 +0.011 -
combination of the three channels for OS Cosic ) ety )
95% C.L. upper limits on effective cross section Total < 04+0.03 DO TR 0.05 +0.01_

Oppa-s?te Sign, B = o0 GeV

G - A-BR from new physics:

el =R p T
SS: 6<0.07 pb Data 1 4 1>
28 “-IM—[;.;;& 1 n""_—‘_?lt'::i 0, 4
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Bkg estimate methods

Difficult to summarize, but let’s try ...

MC based approach: MC based estimate where both the shape and the rate in
the signal region (SR) are estimated from MC

Mixed data and MC based via overall corrections : estimate where the MC rate is
constrained by data in a control sample (CS), but the MCis used to extrapolate
from the control samplp tn the <cignal recinn

TV
N SRMC

v
NSpest. = v X (Ncs data — Nes brg)
N -
CS.MC

—Pros: remove uncertainties on Lumi and total o, factorize part of detector and
theoretical uncertainties (if Control Sample CS ~ similar topology)

—Cons: central value possibly affected by large statistical fluctuation in CS.
Theoretical uncertainties might be quite large.

Event based correction on data: A quasi data-driven approach, where both the
number of events and the shape are taken from a data CS. In case correction
factors must be applied to account for the acceptance and ID efficiency of the
events in the CS = taken from data when possible, otherwise from Monte Carlo.
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Conclusions

Several approaches followed to estimate SM
background contributions in SUSY searches, depending
on the analysis variables (jet multiplicity, explicit lepton
requirement, with/without b-tagging)

Common features:

define control regions orthogonal to signal samples
use MC tools to estimate shapes, data-driven techniques for normalization

Only a few examples shown here

Larger use of data-driven techniques with more data:
Analyzing already 170 pb™ of 2011 data

in most cases, use of MC samples unavoidable (acceptance
corrections, control sample-to-signal region corrections).

- Reducing theoretical uncertainties might be the key-issue for
kinematic regimes interesting for searches

18/5/2011 Monica D'Onofrio, West Coast ATLAS Forum 2011
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The ATLAS detector

Spectrometer coverage up to [n|<2.7
Trigger and measurement for p with
momentum resolution < 10% up to E, ~1TeV

Coverage up to |n|=4.9

EM calorimeter, e/y trigger, ID, measurement
Resolution: 6/E ~ 10%/VE ©0.007

) . HAD calorimeter (jets, MET)
Muon Detectors Tile Calorimeter Tiles(central), Cu/W-Lar (fwd)
E-resolution: 6/E ~ 50%/VE «0.03

Fwd cal: 6/E ~ 90%/VE «0.07

Liquid Argon Calorimeter

3-level trigger
rate to tape
~200 Hz

Inner Detector (|n|<2.5)
Tracks and Vertex reconstructions
o/pr ~ 3.8 x 104 p; (GeV)® 0.015

Length: ~45 m \
Rad.|u5: ~12m Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
Weight: ~7000 tons S
2 T magnetic field
18/5/2011
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Total Integrated Luminosity [pb™

The 20710 ATLAS pp dala

Profiting at best from the excellent LHC performance:

~ 35 pb-1 of data
used in the analyses

Maximum values of 6 pb luminosity per day presented here

Instantaneous luminosity values up to 2 x 1032cm?2s”

Detector efficiency above 90%

60 T T T T T T | T T T T T T T | T T T T T T T | T T T T T T
~ ATLAS Online Luminosity \s=7Tev .
50— [[]LHC Delivered -
- [_] ATLAS Recorded -
40 Total Delivered: 48.1 pb™ ]
C  Total Recorded: 45.0 pb™ ]
30— —
20— N
10 N
L | ||||||| T 1 1 1 1 | 1 1 1 1 1 1 1 N

0 ]
01/03 03/05 05/07 06/09 08/11
Date in 2010

120 ||||||| L L L L

110 :— Total Efficiency: 93.6%

Recording Efficiency [percent]

60
01/03 03/05 05/07 06/09 08/11

Date in 2010

Inner Tracking

Detectors Muon Detectors

Calorimeters

. LAr LAr LAr .
Pixel SCT TRT EM HAD EWD Tile MDT RPC CSsC TGC

99.1 999 100 90.7 96.6 97.8 100 99.9 99.8 96.2 998

Luminosity weighted relative detector uptime and good quality data delivery during 2010 stable beams in pp
collisions at ¥s=7 TeV between March 30%" and October 31% (in %). The inefficiencies in the LAr calorimeter will
partially be recovered in the future.
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Events / 1 GeV

Electron Performance Results

> L | L | 1 17T | L | L | T 1T | L | L — 2000 C T T T T | T T T T | T T T T | T T T T | T T T T | T T T T _]
5 12001 =37 pb” - Z E ]
9 - — Data | Ldt=37pb ATLAS Preliminary . o 1800:— -g- Data | Ldr =39 pb‘1 ATLAS Preliminary =
- L —— MCZ—ee - 2 1600 — Fittodata 3
£ 1000 __ Lo data ] ] pu E Bkg. from fit to data =
o C [/ N O 1.73+/-0.08 GeV = 14001~ Pythia MC (direct J/y) E
W goof-  Mi<247 ! - £ 1500~ — Fitto MC+data bkg. E
B = 1.49+/-0.02 GeV _| 0 = ]
- Oue * - @i 10005 K, =3080+2 MeV E
600— ] = “h:c =3083 + 1 MeV =
- . 800 g, =132+2MeV —
400~ - 600°- Ouc = 134+ 1 MeV E
B i 400 = |<2.47 =
200/ - - (1.37<Mn|<1.52 excluded) 3
- 7 ’ 200 =
r ] TN T T T T [ T O B B i Bl ! _I oo by vy by by e b |_
L}O 75 0 95 100 105 110 01 15 25 3 35 4
Mee [GeV] m,.[GeV]
3007\ T T T ‘ T T T T | T T T T T T T T | T T T T | T T T \7 1—. 250_|!II|IIII|III\{I\Irll!llllllllllllllll\_
L _ -1 .. | o L i
250: ‘il EA?;BZ:L;: =39 pb ATLAS Prellmmary . % : - Data 2010 (\'s =7 TeV) L dt =36 pb-1 _
— — Fitt I¥ —
; tlo e ] 2 ool U2 aTLASPreliminary ]
- <247 : 5 i [Jaco 1
200— 25<h,l<49 . i
- O = 2.96 £0.1 GeV . 150
L Gy =2.32£0.03GeV | r
150 i
- forward-central Zs 100"
100 electrons above the tracker
F acceptance 50r
50 i
o v Tate®acas eeyas0t a ATLAS-CONF-2011-041 o"" . ‘(')! ~
%O 70 80 90 100 110 120 i
Mg, [GeV]
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ID and Muon Combined Performance

Low p- efficiency from J/L|)—>up decays

> 1.2 1
0 - ATLAS W%mmmy 7
@ [ 04<p<td P> 3 Gev ]
e G
i i @ K
= 08 % /,z
B O Ns=7TeV ]
z o w & det—31 b
S 0.6 — =31p .
f?l L ]
= o4l - et O CB+ST MC Chain 2 N
8 - ® CB+ST Data Chain 2 i
L/I) 0.2 - & /\ CB MC Chain 2 ]
ﬂ B A CBData Chain 2 i
|_ B Il % Il 1 ‘ 1 Il ‘ Il 1 Il ‘ Il Il 1 ‘ 1 Il Il T
< 00 2 4 6 8 10 12
P, [GeV]

a N
c 1-_
o i
O o=
£ 0.95r7
4 -
Very good 0.9
description of -
. . 0.85[-
alignment in MC -
0.8
0.75

agey e

.—

ATLAS Preliminary

Tag & Probe, Data 2010 - Chain2

Sy
-
i
=
%)
N
=3

-+~ MC signal

-8- Data, bg correcte

||||||||||||||||||||||||||||||||

ATLAS-CON F-zo11-o46

Ia\-llIII|IIII|IIIIIIIIIIIIIIII

20 30 40 50 60 70 80 90

100

P; [GeV/c]

High pT efﬁc1ency from Z—>uu decays

Efficiency understood down to very low py Present understanding of ID alignment

4500

> E .
8 000" ® Fallreprocessing ATLAS Preliminary - Detector coordinate  Barrel End-caps
f 35005_ o Before reprocessing B Data 2010,\'3=TT9V_§ type c [pm]
§ “" EMonte Carlo = det:M o' | Smear MC hit uncertainties “Pixel  local 4 7
2 3000 Combined muons b ] local 1 18 33
§ 2500 = e c=a*o0c®c aly 3:
N s000F ] SCT local x 10 11
3 E — TRT 0 0
1500 — g = a=1
ATLAS-COM-EONF-2011-003 = =
1000 . .
: K R § Improved momentum scale and resolution
-
qreesameee L P oeasieses muon scale uncertainty is < 1%
0 70 80 9 100 110 1 . .
V. (GeV) dimuon mass resolution 1.8% barrel and 3% end-cap
e
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Jet Energ y Scale

ATLAS-CONF-2011-032

b 012 T T T T L B T o o o
% : Anti-k, R=0.6, EM+JES, 0.3< |7 | < 0.8, Data 2010 + Monte Carlo QCD jets : o 114 “:]-Slltul Clallllbrlaltlons
5 0.1 4 ALPGEN+Hewig+Jimmy v  Noise Thresholds | = A2 . -
2 % JES calibration non-closure +  PYTHIAPerugia2010 | £ 1.1 Trackj-jet ATLAS Preliminary
3 ~ O Single particle (calorimeter) =  Additional dead material{ © 1.08a vy -jet direct balance —
= O-OBD Total JES uncertainty ] 1.06~ v -jet MPF —
= - 4 1.04- —
15 - barrel 1 ol —] J
» 0.06— o — : ++ — 4+
7 B ATLAS Preliminary B — i
% _ 5 1 o9s-__ = +‘}" -
W 0.04— 3% g 096 =
'« ™= — () Q4 —
é 002 ¢ & | — Wﬂ | 092 JES uncertainty anti-k, R=0.6, EM+JES —
O L O o # n ? _ 0.9 ! ! N ! ! N |
© I B % E i ] 10 10°
L 0 1 | g | o | | * 3 3 pl-;-el [GeV]
2 2 .
30 40 10 2x10 100 2x10 Improved by factor of 2 with
Evaluated up to 3.5 TeV in energy and |n|<4.5 P} [GeV] respect to previous version
. Maximal relative JES uncertainty
region .
nreg P =20 GeV | P j*=200 GeV | P®=1.5 TeV
In|<0.3 4.6% 2.3% 3.1%
2.1<|n|<2.8 7 1% 2.5%
3.6<|n|<4.5 12.6% 2.9%
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Diff % (Data-MC)

Jet Energy and Etmiss Resolutions

PbPb data only sample
reaching this high in SE;
0.2 L | ' ' —

TE DEI.TE1201C| \'E:?Te_\-’ +EM JES E gl 90 TTTTT] T T T T T T T T T
0.18 anti- GHO= E-lf‘- glgsteuets ¥ — E GCW cell-based ET™ Inl<4.5 3
o168 0<lyl<0. —=— GCW = = 0L Daaopoys, =27 Tevf Lat=17u" 3
014 —— LCW = 8 70F — Fit048\XE -
0.12=— - G3S — % 50 o Datapspys=7 TeV:fL dt=0.34 np” _

0.1 = § —— Fit 0.48\X E; :
008 3 45 50 3
0.06 = j Ldt=35pb’ = Wy =
0.04=  ATLAS Preliminary =T M 3
002 e — = “ ;

HIII% ------ % ------- *f IIIIII E ------- 1 --------- % -------- i ----------- I-_I 20 14.5 Te
U N | SN AU AR AN SN SRR S ] E
SO A } ...... - v ATLAS Prelminary
-20 __ __ 11111 ‘ 1 11111 II 1 1 L 11111 ‘ 1 1
~30 40 50 B0 70 80 90700 200 300 400 500 10° 1 10
(b, +p, )/2 (GeV) S E, [TeV]

Advanced calibrations — improve resolution by 10-30%
Monte Carlo agrees with data within 10%
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Interpretation of the results

Use profile likelihood ratio: A(u)=-2(n L(n| x,5,6)—In L(n| ,b,0))
* include correlations of uncertainties where appropriate

—> Estimate upper limits at 95% C.L. on N signal events and effective cross sections
independently of new physics models (background-only hypothesis)

Exclude non-SM: N events 43.9(A), 11.9(B), 37.6(C), 3.5(D)
o of 1.3(A), 0.35(B), 1.1(C), 0.11(D) pb

Translate results in limits on
MSUGRA/CMSSM
(mo,mﬁz)—plane

parameters at GUT scale

1. Unified gaugino(scalar) mass m,,(m,)
3. Ratio of H,, H, vevs tanf

4. Trilinear coupling A,

5. Higgs mass term sgn(p)

; _ I I I I I I I I I I I I 1 I I | 1 ]
o T ATLAS L[™-35pb"\Ns=7TeV — imit ]
9400 L ........... pb,Ns=/le Observed 95% CL, I|rl~n| —
o = n expected limit :
E" Expected limit +1o _
—— CMSa,, 35pb’! -

350 ™ ]
| s -

N ~t 7]

[ Jiepag’ . §(s00)

~t ~0 T

300 | poEik; ]

Theoretical uncertainties on
SUSY NLO cross sections
included in limit calculation

18/5/2011

\ 5
h " ~oa
“on [ | D0g g uco, 2.1 1

. [ CDFgg, tanp=5, p<0, 2 b
\

250 =)

200

150

L N A AT A

>

Best sensitivity
Region D
(3, Megs > 1TeV)

Best sensitivity
Region C
(3, Mefr > 500 GeV)

If rnsquark=rngluino
exclude < 775 GeV

, A |
| I W SN R B

200 400 600 1000
| MSUGRA/CMSSM: tang = 3, A = 0, u>0. | m, [GeV]
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Results (b-jets)

0-lepton 1-lepton 1-lepton
Good agreement between data and Monte Carlo  datadriven
SM predictions W,'th,'n Systematic tt and single top 12.2 +£5.0 12.3 4+ 4.0 14.7 £ 3.7
. W and Z 60+£20  08+04 -
uncertainties in both channels CD 14410 04404 Q+04
Total SM 19.6 6.9 13.5 £ 4.1 14.7 &+ 3.7
0-lepton analysis Data 15 9 9
3 10 - ATLASPrelminary  olponajes 3 “’4% ATLASPreliminary  oleplonajels
g 103? J'Ldt=35pb",\s=7TeV _-_2::25‘?0 _g g 1032_ J'Ldt=35pb",\s=7TeV _--2::122:0 =
g el B ] 2 = e
g F St I 4 e Interpret the results as
F R S Tt 95%C.L. upper limits on N
1 = L 4 . .
i :  signal events independently
g ] - of new physics models:
%% 800 1200 1600 2000 10%5""55"156 150 200 250 300 350 400 450 500

m,, [GeV] ET=8 [GeV] N(o—lepton) >10.5

1-lepton analysis N(1-lepton)>4.7

- 10* T T T T T T T T T T T T - 1045."-|..",..-‘|..‘.w‘...-‘-..-"..,H..“ T

8 ATLAS Preliminary 1-lepton, 2 jets 3 8 ATLAS Preliminary 1-lepton, 2 jets

8 10° IL dt=35pb'Ns=7Tev 2 Deede & 10°F IL dt=35pb'Ns=7Tey 2 Coesne =

0 [ top preduction ] E [ top production E 4 - .
£ =i e ol B Effective cross sections:
> > E 3

L 1 QCD production w F [ QCD production 7

----- §400 GeV, 1210 GeV

covol vl vl ol sl

O ULLLLL SR R L B L B L I L

10 10; ----- G400 GeV, 1210 GeV é
c (o-lepton) > 0.32 pb
1 i ]
; * o (1-lepton) > 0.13 pb
107 w0k 7
10 800 1200 1600 2000 10'2(; 50100 150 200 250 300 350 400 450 5;30

My [GeV] ETs [GeV]
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Cross-section [pb]

m, , [GeV]

—

Specific SUSY models

0- and 1-lepton analyses

MSUGRA/CMSSM : tanp = 40, AO= 0,u>0.

340 : T I T T T I T T T | T Igso} CL I T 1 T T T :
300 ATLAS J-L dt=35pb ' Ns=7TeV - obsf.mlo lepton —
e T e e)ép. -0 :epton g(800)

- i obs. - 1 lepton -1

300 bijetchannel T exp. - 1 lpton -
- obs. - Combined .

280 = [ el exp. - Combined —
= g (700) 1

260 - [ m@) < mez) =
.- B eroT 3
C [ LEP2F 3

220 903
200 £ —
180 F 9600
= \' .

160 5 " 2 =
(= (400) - -

c B, (500) b, (600) b, (700) _

140 — | | | | | i

200 400 600 800 1000
m, [GeV]

0- Iepton analysis

SO(10) HS model
R e e A BAEAS B o
—— NLO prospino

: —— obs, limit 95% CL

== === exp. limit 95% CL

T T

ATLAS Prdliminary
i '[Ldt=35ph“\s=7Tev

[~ O-lepton, 3 jets

L1 I ! I | ! 1 1
300 350 400 450 500 550 600 650

1
700 750

HS-model ™
18/5/2011

Cross-section |pb]

MSUGRA/CMSSM : tanf = 40, A0= -500 GeV, u > 0.

;‘ 340 :I LI | LI I LI I T 1T 17T I 1T T I Igslo/lclL I-I -Il T T T T I:
8 300 FATLAS Preliminary  |Ldt=35pb'Ns=7Tev - '055'_"_"0 lepton o]
— [ -~ mmmm egp. -0 :epton 9¢ r:
[aY = - obs. - 1 lepton -
~ 300 = bjetchannel T exp. - 1 lepton =
E C obs. - Combined -
280 — o Ty exp. - Combined —
260 = L@ emiy S
240 = [ et —
220 = & (s00r ]
200 |+ -
180 | -
160 S
1 40 :_I 1 1 | 1 1 1 1 I 1 1 11 t I(SI:O)I 1 1 I 1 1 i;' (4I'mP 1 11 1 I It' $50Iﬁj 1 I 1 ;I (Alh I’n-

300 400 500 600 700 800 900 1000
m, [GeV]

SO 10)DR3 mude\
T

—— NLO prospino

—+— obs. limit 95% CL

<« 4e-- exp. limit 95% CL

300 350 400 450 500 550 600 650 700 750

DR3-model
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m; [GeV]

mSUGRA: large tan 3 or low A, values:

For each (m,,m,;,) sbottom/stop masses
lower than in low tan 3 scenarios

Exclude gluino masses up to 500 GeV for
m, <1TeV

SO(10) models: gluino pair production
one of the dominant processes:
Gluino = bby?°, (DR3) or bby°, (HS)
Exclude masses up to 500(420) GeV
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Tovey, JHEP 0804 (2008) 034

Top-tagger: mCT Polesello, Tovey, JHEP 1003 (2010) 030

In the decay of a two pair-produced heavy states which decay via
O oLy,

mZr(x1,x2) = [Er(x1) + Er(x2)]” = [pr(xa) — pr(x2))’
m; distributions have endpoints defined by m(3), m(a) and the vector
sum of transverse momenta of the visible particles upstream of the
system for which the contransverse mass is calculated (p,,)

For the top-pair system m; (II), mc; (jj ), mc7 (j 1, jl) can be constructed

Contransverse mass tagger

1. Ewvent with least 2 jets with py > 20 GeV o .
2. Consider all 2 jet permutations j;, jo, such that the two jets have * EfﬁCIenCy rn.CT tagger = 85/°
pr > 20 GeV and pr(j1) + pr(i2) + pr(£1) + pr(f2) > 100 GeV * control region for ttbar:

3. mger(£p, £2) in the allowed area of the (mqr(£1, £2), pp(££)) plane o mCT-tagged events

4. Build all pairs ((j;£1)(jj£)2) such that m(j;£1) < 155 GeV and e 60<E-Miss«80 GeV
m(j;¢2) < 155 GeV T

5. One combination with m~y(jj) in the allowed area of the
meT (i), pelf) plane
6. mey(jE, j€) should be compatible with tt
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Other backgrounds for 2-lepton

Electron charge-flip:
Relevant for Same-Sign dilepton final states

Background from dilepton top events:

Hard bremsstrahlumng process

+ + F aF o
Ehard — “hard escsft 7 Esl:lft eSGf‘t Ehard

Charge mis-identified rate taken from Zee MC samples as a function of |n|
Validated in Z->ee data

Z~>ep from MC (low statistics in data)
Semi-data driven estimation for Z>ee,uu

Control region: NEtSR _ 3 pydataCR
81<m(I)<101 GeV Zj/~* ! Z [y
E,Miss< 20 GeV
Corrected for predicted number of W and top in control region
Cosmics:

2 methods considered =
matrix method based on impact parameter
Trigger Lifetime

Both consistent to zero
Define an upper bound: Ncos < 1.32 at 68% CL, Ncos < 3.45 at 95% CL
18/5/2011 Monica D'Onofrio, West Coast ATLAS Forum 2011
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Monte Carlo samples used

Analyses generally employ MC samples generated with:

Alpgen associated with HERWIG (not ++) and JIMMY for W+jets and Z+jets
(including Wbb, Zbb)

MLM matching scheme to combine samples with different final state parton
multiplicities (up to 5 for inclusive, up to 3 for Wbb/Zbb)

PYTHIA used for low DY region and Z=> 1t (t-decays with TAUOLA)
SHERPA samples used for cross check in some cases
Large “production’” on-going for 2011 analyses

V+jets predictions normalized to NNLO cross sections (FEWZ)
CTEQ6L1 for ALPGEN and SHERPA samples

MRST2007lomod (LO modified) for PYTHIA samples (for low mass DY)
Example from H 2WW#* analysis

Inclusive W — (v ALPGEN 10.5% 10° [34.35]
Inclusive W — tv PYTHIA 10.5% 10° [34.35]
Inclusive Z/v* — ( (M = 40 GeV) ALPGEN 10.7x 10% [35.36]
Inclusive Z/y* — (M., = 60 GeV) PYTHIA 9.9%10% [35.36]
Inclusive Z/y* — (£ (10 < My < 40 GeV) ALPGEN 3.9x10° [36]
Inclusive Z/v* — 77 (10 < My < 60 GeV) PYTHIA 4.0x 107 [36]
18/5/2011
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Entries/ 10 GeV

10

107

10°

ATLAS-CONF-2011-005

SM Higgs - WW*—N N (I = e, 1)

Strong sensitivity in 120 < m(Hg,,) < 200 GeV

Cut-based analysis

combineH + o jet,H+1jetand H + 2 jet

Dominant backgrounds: DiBoson, tt,V+jets

o-jet final states

*2 leptons, m(l)<50(65) GeV
p(Il) > 30 GeV
*0.75xmM, < My < My,

Ir i ' 3 -
mr = J(EY + EP™) = (PY + PP™)?

=1

ATLAS Prellmmar)r ! 3
—4 Data — H=WW (m =170 Ge\"]

I W+jets [top
WW I 2y +jets 3
R WZZZ\Wy 3

+

\E: 7 TeV
JLm=35mﬂ;

.10

10"

250
my [GeV]
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300
102

1-jet final states

*2 leptons and exactly 1jet
*same as H+0j selection
p-(jet)>25 GeV, |n|<2.5
*B-jet veto (anti-tag)

*|P;T°T| < 30 GeV (I1,12,j,MET)
*Z->1TT suppression

rTTT ATLASPrehmmar},r T

—— H=WW | {m = =170 Ge"a"]
COW+jets [top
[ Zy+jets E

—4— Data

[s=7 TeV
J Ldt=35ps' g

\s=
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99oH (H+O/1])

qg—qgH
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180 190
2-jet final states™""

2 Ieptons and 2 jets

*Ny* M;, < 0, An,>3.8, m;>500 GeV

*m(I)<80 GeV, p;(Il) > 30 GeV

*0.75xmMy < My < My

*B-jet veto and Z—>1t suppression

*|P;T°T | < 30 GeV (I1,12,j1,j2MET)
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150 160 170

(3%
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W+jets background

Define control sample enriched in W+jets:

One Iepton must satisfy ID and isolation Fakeable (loose) electron Fakeable (loose) muon
. ) p,%””)/ pr <03 E(p%'f”“)/ pr<0.3
cuts of the analy5|s oS > 1 No TRT Requirement
: . NS > | No y* cut
SCT
ReqUIre second lepton to satlsfy loose No Impact Parameter Requirement  No Impact Parameter Requirement
set of cuts (fd keabl e) No(pi;g“p"]'—plD)Requil‘emem
- Wijets expectations in signal region (SR):
do/dX (SR) = do/dX (CR) x f, Good agreement data/MC in shape for

f, = fake factor = Prob(loose = ID ) kinematic distributions

4oF. EEWZIZZWy

- ] 20 E
30F . 15:_ 1 J_:
L ] r | | ] C ]
20F ] 10k | N RE 20r ]
E ] r T —0 7 C ]
F : E [ | g :
] S 5 10F |

®~50 100 150 200 250 300 % o5 1 15 2 25 3 &80 100 150 200 250 300
my, [GeV] Ag, [rad)] my [GeV]

T L e e s o e B B B B B L W SR T L o B o B e o i e e T L e e s e e B B B B B L
£ " ATLAS Prhliminary ! ' . i= 3[}; ATL'AS Pleliminhry ! ] £ 50F ATLAS Prhliminary ' ' N
$ pol —r—Data N HSWW(mE170GeV) $ [ —+Daa  EEH-WWm=170GeV) ¢ T 4 pata  EEH-WW(m 170 GeV)
g I Ctop [CW+jstsiMorm. to Data) “s 25 [Jtop W+ jets(MNom. to Data) - g [ [ Jtop [CW+jstsiMorm. to Data) ]
- L EEwWW I 2 +jets .1 ] = - W I Z+jets -1 = L I 2 +jets -1 7]
5 | Lelt = 350b" 3 [ EEwzzZw | Lt = 35pb" I 40 mmwzzzwy | Lelt = 35pb'
= E = B
= = =
= = =

30 -

10F ]
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Fake factor

Control sample defined in multi-jets events with at least a fakeable lepton.

Real lepton contamination (from W,Z) removed

~50% uncertainties, mostly dominated by sample and trigger selection

dependence
E D Dﬁ_l T T T T T 1 L) T 1T LI E 0.8
S~ E ATLAS Preliminary e S
L0.045F electron fake - L 97
e - —=— StatOnly 3 @
5] D-D"':_ +Real Lepton Contamination = I:E 0.6
u,;ﬂ pasfe —— +Run Dependence = =
=R +Trigger Bias 3 S 0.5
o '3'-'3'3;— — = +Sample Dependence(total) —; =
Wo.025F = 0.4
F 1 3
0.02 E 0.3
0.015F T =
= 3 0.2
| ]
0.005F i } : 0.1
0'_I'| 1 | L 111 I L1 1 I 1 I 1 I 1111 I 11 F {)
20 30 40 50 60 70 80
p, [GeV]
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E  muon fake 'ﬂ
r ——=— Stat Only ]
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- ——=—— +Run Dependence ] Luminosity
E +Trigger Bias e I
. +Sample Dependence(total) ] after presca €
3 1 E
T :
:I 1 I 1 1 L1 1 1 I L 111 I L1 1 1 I L1111 I L1111 I:
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W+jets estimates in H>WW*

ee-channel p-channel ep-channel
Before topological selection
. Expected events (excluding W +jets) 3.77 1.29 8.03
H + OJ Observed one identified+one fakeable leptons 30 6 41
Estimated W+jets in the control region 20.2+5.6 4.74£2.5 33.0+6.4
Estimated W+jets in the signal region 0.2+0.0+0.1 0.5+£0.3+0.2 0.5+£0.2+0.2
After all selection (mg = 170 GeV)
Expected events (excluding W+jets) 0.3 0.1 0.6
Observed one identified+one fakeable leptons 3 0 2
Estimated W+jets in the control region 2.7+£1.7 0.0 1.4+1.4
Estimated W+jets in the signal region 0.02+0.01£0.01 0.0+0.1 £0.1 0.01+£0.01+0.02
ee-channel pp-channel ep-channel
Before topological selection
Expected events (excluding W+jets) 3.0 2.3 4.7
Observed one identified+one fakeable leptons 18 3 36
Estimated W+jets in the control region 15.0+4.2 0.7£1.7 31.3+£6.0 H +1 ]
Estimated W+jets in the signal region 0.1+£0.0+0.1 0.2+0.2+0.1 0.5+0.2+0.2 J
After all selection (mg=170 GeV)
Expected events (excluding W +jets) 0.2 0.1 0.4
Observed one identified+one fakeable leptons 3 0 2
Estimated W+jets in the control region 2.8+1.7 0.0 1.6+1.4
Estimated W+jets in the signal region 0.03+002+£001 00+£0.1+£0.1 0.02+0.02+0.01

H+2j: negligible
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Z+fets (and low DY) background

Scaling the yield in MC by a E;Mss mis-modeling factor using
control regions

5 OF Atiaspetiminay || 0y = 80 ATLASPreliminary | | £
L] E = © E reliminar =
mg 70k K E mg 70 Y E ACD[T'ECtEd A % Bdﬂtﬂ IJI\-'IC
g 3 e g 3 e MC — AMC N
B ok 10f" Dyaa Bmc
50F 50
40F- 40E-
o o a0 104 Same method used
A )3 independently on jet
UE' [I] - ..zl(;. e A TN -|. UE 10-5 mUItlp“CIty
m, [GeV] m,, [GeV]
In H+2]‘ Selection’ Z-->Il+l.ets Lq 103 T "| "'||||"||"||" "| "'l; } 103 T | T | T T T | T T T | T T T §
. b ATLAS Preliminary 3 8 ATLAS Preliminary 3
expected tg be dominant before [ o Dua Z 8 1o . batn WZow ]
m(ll) s'electlon - checksonpre- & 7ol g :
selection events for several Ldt = 35 pb’ h
kinematic distributions: B
"E;and njets (1,2,3)
.o .o .o -1 — 1
= m(ji), AnGi), Ad(j) 10 o
= Good agreement in shape and in . ] .
.. . . 0% 10 0% 200 400 600 800 1000 _ 1200
absolute normalization (within 10%) A, My [GeV]
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95% CL Limit on G/GSM

Results for SM Higgs — W W*

Channel | Signal lp WW WZZZ|Wy Z+jels Wijels | Tolal Bke. Observed
H+0j
e [0.62£001x0.18 000 071 0.02 0.00 001 ] 083007013 I
ee | 020£001£007 003 020 0.00 000 002 || 0.25+0.08=004 I
pe | 044£001£0.12 008 053 0.01 000 000 | 062+0.05=0.10 I
H+1j
e | 031001009 026 0.18 0.01 0.00 002 | 047+008=0.16 0
ee | 008+£001+£003 010 005 0.00 005 003 | 023+004=006 0
me | 021£001£006 015 0.16 0.00 025 000 | 0.56+0.00=0.14 I
H+2j
e (003001001 001 0.00 0.00 000 0.00 ] 0.01 £0.01 =001 0
ee | 0.01£001£001 000 000 0.00 000  0.00 0.00 0
me | 0.02£001£001 000 001 0.00 000 000 | 0.01£001=00l 0
3_|III\IlIIII‘I\\IIIII\TI.rlTrl\\lIIII‘IIIIII\
10°E" ATLAS Preliminary =
- —e— Observed PCL Ldt=35pb
e Expected PCL \s=7TeV -
21 + 10 —
10 = - - —— Observed CLs I
= + 2G -
- - - - Expected CLs . . %
- i Upper limit on cxBR(H->WW?¥*)
. — .
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"m,=160 GeV:11pb
"m,,=200 GeV :71pb
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