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s the Standard Model enough®?

e The Standard Model has accumulated more
than 30 years of striking successes in particle
physics experiments, but:

e a) Its Higgs sector suffer from quadratically
divergent loop corrections mainly from top ST expected

from

(the so called hierarchy problem) Je e 7T uminous dik

e b) Cosmological data strongly point to the
existence of a dark matter candidate: no .
such candidate is present in the SM AR © " MB33rotation curve

e c) No further unification between the EW and
QCD possible

e Supersymmetry (SUSY) offers an elegant solution for a), which can
simultaneously address b) and c)
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Supersymmetry (SUSY)

e SUSY is a spin symmetry that StendarcReNohen SUSY-Teilchen

relates bosons and fermions

¢ In the Minimal Supersymmetric
Extension of the Standard
Model (MSSM):

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

02 <2

) Sectonen @ SuSY-rameichen

| | R-parity = (-1)°E-H +2s
® Running of coupling constants above the EW .
scale modified: unification possible -1 for SparUCleS

e If R-parity conservation assumed, the Lightest 1 for part|C|eS
Supersymmetric Particle (LSP) is stable: natural
Dark Matter candidate
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Minimal SUSY extension of SM (MSSM)

o [f SUSY is unbroken, Mspartice = Mparticle. Since sparticles are not
yet observed, SUSY must be (softly) broken:

® | susy = Lsusy conserving + Lsusy soft breaking

MSSM

parameters:

2 higgs doublets
needed— 5 Higgs bosons

SUSY conserving sector

SUSY breaking sector

3 coupling constants for SU(3)
xSU(2)sU(1)

5 3x3 hermitian mass matrices (one
per EW multiplet)

4 Yukawa couplings per
generation

3 complex 3x3 matrices (Higgs
trilinear couplings to sfermions)

3 mass terms for the Higgs sector +
2 additional off-diagonal terms

Higgs VEV expectation angle B

A total of 124 parameters.
Constraints needed:

Bottom up: separate lepton number
conservation, FCNC suppression, CP
violation constrain the MSSM parameters

Top-down: Precise assumptions are
made on the way SUSY is broken:

° MSUGRA/CMSSM
° GMSB
° AMSB
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(R-parity) conserving SUSY phenomenology

e Missing Er is the signature

e General R-parity signatures:

e The LSP (typically x1° or v in mSUGRA,
gravitino in GSMB) is stable and weakly
interacting (dark matter candidate) —
large missing transverse momentum

e squarks and gluinos produced in pp
collision — large particle multiplicity
typically produced in the decay.

e Large jet multiplicities and/or lepton are QE\‘:: Siadcade
foreseen in large regions of the parameter g : L
space (although not mandatory, e.g.
PP—"gq—aq X:° X1°)
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ATLAS - detector and performance
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ATLAS in a nutshell

* From inside out:
* ID made up of three different detectors (Pixel, SCT, TRT):
%  High resolution tracking down to Pt > o(100) MeV, |n| < 2.5
* EM calorimeter - two sections covering up to |n| = 3.2.
%  High resolution on e/y objects.
%  HAD calorimeter - 3 sections covering up to |n|=5
*  @Good containment, good resolution for jet measurement

%  Muon system (4 different technologies) covering up to |n|=2.7

% Magnetic field: one solenoid surrounding the ID (2T), three toroids
(muon spectrometer - 4T peak)
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ATLAS in a nutshell (ll)

JATLAS

2 EXPERIMENT
W

ey -

/

A dileptonic ttbar
event candidate
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pp data taking in 2010

e First LHC pp collisions in March 2010.

e Maximum instantaneous |uminosity:
2 10% cm=s’'. Total integrated
luminosity delivered ~48 pb

Pixels 80 M 97.2%
SCT Silicon Strips 63M 99.2%
TRT Transition Radiation Tracker 350k 97.5%
LAr EM Calormeter 170k 99.9%
Tile calorimeter 8800 98.8%
Hadronic endcap LAr calorimeter 5600 99.8%
Forward LAr calorimeter 3500 99.9%
LVL1 Calo trigger 7160 99.9%
LVL1 Muon RPC trigger 370k 99.5%
LVL1 Muon TGC trigger 320k 100%
MDT Muon Drift Tubes 350 k 99.8%
CSC Cathode Strip Chambers Ik 98.5%
RPC Barrel Muon Chambers 370k 97.0%
TGC Endcap Muon Chambers 320 k 99.1%
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® ~95% of delivered luminosity written
on tape by ATLAS (@ ~250 Hz)

e Fach sub-detector operative for
90/100% of the time, with more than
97% operative channels.
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How well is ATLAS performing?

¢ \/ery good detector/object reconstruction understanding

Rl TR enavamage Il S s Soals LneEnEiy
S 3 Prmmpsm o, 1 | down to ~4% for the early b-taaaing effic
g ™ ! oo frrimet Moriond analysis (more later) “lagging efriciency’ -
€ 0.08f oy understood with un uncertainty
& 0.06 ATLAS Preliminary Excellent understanding of of ~10%
% 004 B - o lepton reconstruction
‘>’ 0 n;?g g4 A ) \ performance \
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30 40 50 2x10 10 ; 1'43

(GeV) g 1.3§ ATLAS Preliminary 2.9 pb’
© :

] _ . S 1.2
_‘ 700 —_ Data |Ldt=3Tpb ATLAS Preliminary -_.gg‘ 7777777 \ ‘3 Pp‘- 115
f i — e B aeow] fefrew fl e ) & ——

|
: agp F. ATIAS Prebemin / \ ; 0.8|
| =1 ] Scale Factor (Stat Uncertainty)
<00 L 1
” a2 \ | 0. /E
100 % ‘4" R Z O,Gg Stat @ Syst Uncertainty
G’ . A= - et 60 70 80 @0 100 110 120 f

LY S 8o 45 ) 95 00 105 1 O 5
M. [GeV) "’-. (GeV) ’ 30 40 50 60 70 80
s Jetp_[GeV]

10

|.Vivarelli - SUSY searches with ATLAS - Marseille - March 18th 2011

Friday, March 18, 2011



R-parity conserving SUSY searches

e Generic (but still, exhaustive) SUSY searches:
e MET and high Pr jets are expected to be present.
e Depending on the mass hierarchy, final states with and without leptons might be present

* Third generation squarks are generally expected to be light = b-jets in the final state
from "b and "t decay.

e Define a general set of robust cuts, sensitive to SUSY, able to reject the SM background.

arXiv:1102.5290 [hep-
ex] - submitted to PLB

Inclusive O-lepton

Mair) searches nolusive T-lepton | 211022357 [hep-
finalized so far

2 papers - Results

2-leptons approved

b-jets (O and 1 lepton)| Results approved
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Common selection

Common preselection:
- Data quality
- At least 1 vertex with 5 tracks
- Event cleaning

Electrons:
- ldentified using shower shape and
track matching criteria
-Pr>20GeV, |n| <2.5

JETS:
- Anti-kt - AR =0.4
-Pr>20GeV, [n|<2.5
- b-tagging done using a lifetime based
algorithm reconstructing secondary
vertex. Decay length significance L/o(L)
cut such that efficiency ~50% on top
events. Pt > 30 GeV

Muons:
- ldentified with a track matching
between the ID and muon spectrometer
- Highly isolated in the ID
-Pr>20GeV, |n|<2.5

Missing Et (MET):
- Reconstructed from the vectorial sum
of all jets and leptons. Clusters not
belonging to any jets are added to the
MET
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O-lepton inclusive searches

Editors: A.Barr, S.Caron, C.G.Lester, P.J. de Jong

Friday, March 18, 2011



O-lepton inclusive

e Search sensitive to "g'g, 'g'q, 'gg production

e Different selections to maximise sensitivity to different processes

A B C D

m — | — et ’L miss & Number 6ffcquiredjcls 22 22 >3 >3
eff — Z 8 Leadingjet py [GeV] > 120 >120 > 120 > 120
;._f Other jet(s) pr [GeV] >40 >40 >40 > 40
A A ETS [GeV] > 100 >100 > 100 > 100
My . & Ag(et, Pris) . >04 >04 >04 >04
Kill QCD .§ ET'™ [meq >03 - >025 >025
B - = Mg [GEV] >500 - >500 > 1000
Enhance signal & |~ ., R ™
S Mg=nm . - - . . L~
A o Region A/B: "o(q production dominates, with "g—qX1°.
Low jet multiplicity.
C Region C: "g'g production dominates, with "‘g—="gg—qggXi°.
Large jet multiplicity
> Region D: "gg production dominates. 3 jets expected,
e large Mest
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Background estimation: QCD multijet

1~ T v S B S B B 0 S S SR _

_ _ _ S 10°F | at~35pb il e

e large MET in QCD due to one jet mis- S .l jlqw Ef I0CD mute r

. . @ . 1 D'n’-'--'i" !

measurement or heavy flavour production: in 2 b Em,»03 - ;
both cases, MET aligned with one jet Bl 200 Qom0 GV s WA i

107k s.L,m trol
-

e QCD background estimation obtained
renormalising PYTHIA and ALPGEN in a
control region A@min < 0.4

> ok : i = 25} ' T
0’ ‘ e Data 2010 As =7 TeV) o o 2
G " F Jro-3sps =S r et ~-+++“+, -¢,+.j
8 I(Yr > 2 jots + ET I:I.:"t e ‘ N “ﬁ: SeaTie. 1 g o = 15 o PRAgEAT 1 RS
;}i '()5; \o{jet, E ' ) <0.4 !L’_'l'.’:. 1 <« ;‘\O” " (jet, E':.“::;)
£ pf Conwro . |
» — r . eeee SM & SUSY rel. pont - . ] .
(0 oL N e Alternatively, define CR using MET/mes
r & : i
ol Tl orlmecsis t cut—consistent results found
: oy !
oK : e Further check: propagate the measured
' i + : jet response function
0 PRl —
f;‘ MM++-+ | e Residual QCD background not dominant
| e S w.r.t. EW and top background (o(5%))

ET [GeV]
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Background estimation - non QCD

e Dominant SM background processes: W—Tv (T—hadrons), Z—Vvv, top production.

¢ Estimated using MC (ALPGEN with annwo from FEWZ for W, Z; Mc@NIo with onLo+NLL
for top production)

e Cross checks in CR (for example, W—puv and replacing the p with T, or Z—pupu and
then replace p with v).

> 10—y Physics process o- BR [nb]
o] J‘L s b. —o— Data 2010 (smeared © “f ki EU (+jet5) 31.4:t16 '23! 24’ 25]
8 107: P »— Data 2010 (simulated t) « ? R A
- | R : Zj~" — £ (+jets) 3.20+0.16 (23, 24, 25]
8 17| Dl o6 Z — vv (+jets) 5.8240.29 [23, 24, 25]
g | S tt 0.16440.010 [26, 27, 28]
10} : Single top 0.037+£0.002  [26, 27, 28]
| ATLAS : Dijet (pr > 8 GeV) 10.47x10° [29]
10‘;
u : | After replacement of the U, the T response has to be
102 | B .T.T ______ o emulated:
3 , + smeared t o Rerun the full simulation (red dots
TS ’.‘. --------------------------------- I —— . .
| —— *'++* t e Smear the T according to its expected response
O % 500 1000 1500 2000 2500 I goe? (black dOtS)
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o Data2010 N w7 TeW) o Duma 2010 08 » 7 TeV)

cht~35po' v Yot fl.m-asw'

Signalregion A oo . E Signalreglons C&D g, .,
(= 2 jots) i ana segie o (=3 Jets) 01 anc sngle o .!
’ v SM e SUSY reference poft]

3
§ 0 Weets 0 Wepets
—

O-lepton results

ATLAS

e Dominant systematic uncertainty:

JES uncertainty (j in the table, § 1 £ 3
~4/5% @ 100 GeV) , MC S R LRSI RREEE SY Ay B Ty o "
modelling, luminosity (L in the 3*“f = : RORRRRBRRRRT - T 52T
table) e

_gw’

e Results fully consistent with the
SM

e A profile likelihood ratio approach
is used to set a frequentist 95%  i:
CL exclusion limit

Signal region A Signal region B Signal region C Signal region D
QCD 7 S[u+j] 0.6 *07[u+j) 9 *10u+j) 0.2 *03[u+j)
Wijets  SOx11[u) 18061+ S[L]  4.4£3.2[u) 3361 £0.5[L) 35+ 9u] 9G] =4[L) 1.1£0.7[u) 7536 £ 0.1(L)
Z+jets  52x21(u) TH() £ 6[L) 4.1£29[u) 2] £0.5(L) 27+ 12(u) T'YG) £ 3(L) 0.8+0.7(u) H5) £ 0.1(L)
tiandt 10+ Ofu)”3()+ 1[(£) 09+0.1(u) iG] +0.1L) 17+ 1{u)” 6] +2(£L) 03+0.1(u] () +00(L]
Total SM 118 +25[u) *33(j) + 12(£] 10.0+4.3[u) *79() £ 1.0(L) 88 + 18[u] *55() £ 9(L) 2.5+ 1.0{u) 2}5(j) £ 0.2(L)

Data 87 11 66 2

Table 2: Expected and observed numbers of events in the four signal regioas. Uncertainties shown are due to “MC statistics, stalistics in coatrol regions, other
sources of uncorrelated systematic uncertainty, and also the jet energy resolution and lepton efficiencies™ [u), the jet encrgy scale [j], and the luminosity [L].

G - 17
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Phenomenological interpretation

. . ;2000 ~~~~~~ ' Y‘.JT1IYTT‘IITTT1IT‘ITT‘[TTI’1[TTF

e Lightest neutralino mass set g | ] ATLAS 1" 35pb'nse7 Tov

to 0. Results studied as a 4"} i e

t 'é’ i Med
. . S 1 ===« Median expected imi
function of the gIL_Jlno and 1 £ 1500 i Y S
and 2" generation squark 3 ' B cP 2
? 4050 | B FNAL MSUGRA/CMSSM, Run L

'—’
-

masses. All other masses set

D0 MSUGRA/CMSSM, Run I

to 5 TeV. 1000 .. I COF MSUGRA/CMSSM, Run I
e All 4 searches combined 750
500
Gluino masses below 500 | 2sof
GeV are excluded. If mq=ny, ﬁ
m < 870 GeV is excluded %0 250 500 750 1000 1250 1500 1750 2000

] Squark-gluino-neutralino model (massless 2) } gluino mass [GeV]
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MSUGRA/CMSSM result interpretation

e MSUGRA/CMSSM: gravity mediated
supersymmetry breaking

Allll‘.

e Common masses at GUT scale (assumed to
1 be the Planck scale):

|

N ®* mo is the common scalar mass
®* m1.2is the common gaugino mass

- e 3 additional parameters: common trilinear
coupling Ao, higgs mass parameter [, ratio
between the higgs VEVs tanf

e The RGE predict the mass hierarchy at the

m, [GeV] EW scale

Best limits to date. If mq=mg, m < 775 GeV excluded
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1-lepton searches

—ditors:

at

Bruneliere, S.Caron,

2J. de Jong
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1-lepton - Motivations

e More complex decay chain of
squarks can contain leptons

e Requiring 1 lepton:
e Better rejection against QCD

e Additional analysis handles for
W/top background rejection

mp = \/QP%Z_’E%TL’LSS _ QﬁT [ . E_’)%niss

Selection:
° 1 lepton with Pt > 20 GeV
® 3 jets (leading with Pt > 60 GeV, the others with Pt > 30 GeV), MET > 125 GeV
® APnmin>0.2, MET/me#>0.25 (further QCD reduction); mt > 100 GeV (W, top reduction)
° SR defined by me>500 GeV
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1-lepton background estimation

e QCD multijet background determined using a CR at low MET/low mr relaxing the lepton
ID criteria (see later the b-jet analysis): found compatible with O
e W/Z and top determined with a combined fit in 2 CR, assuming shapes from MC:
® 40 GeV <mrt < 100 GeV and 40 GeV < MET < 80 GeV with (with no) b-tagged jets

defines the top (W) CR
> gtk e B RA T 2 R
@ F ATLAS :7 E)a:fl"qlrm)”t\; 7 TaV) 3
A top or W . S 10 %;{‘ s o :
= ' ! g ~ 35pb’ Zojots. ]
c (depending on : SR 2 10° IL dt ~ 35 pb 5/'; !
#b-tags) ' £ f &8 Dibosons 3
@) c X g ]
S brmmemmeee e maaaaa L e e eeeeea w107 eo+« MSUGRA m,=360 m, =280 I
= \ , 1 lepton: e, u
] 10
B oty
CR: : ' | [ 3
) : ' : e =

--------------- " 1 S nad L L MM -
QCD L g 2 | 7
: : : R ;s ,r.-...,.o«ﬂh l E

40 80 195  Eqmiss %50 100 150 200 250 300 350 400 450 500

my [GeV)
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1-lepton - Results

Electron channel

Signal region

Top region

W region

QCD region

Observed events 1 80 202 1464
Fitted top events 1.34 £ 0.52 (1.29) 65 4 12 (63) 32 416 (31) 40 £ 11
Fitted W/Z events 0.47 £ 0.40 (0.46) 11.2 + 4.6 (10.2) 161 4 27 (146) 170 + 34
Fitted QCD events 0.0793 3.7+ 7.6 9 4 20 1254 + 51
Fitted sum of background events 1.81 £0.75 8309 202 £ 14 1464 £ 38
Muon channel Signal region Top region W region QCD region
Observed events 1 93 165 346
Fitted top events 1.76 £ 0.67 (1.39) 854 11 (67) 42 £ 19 (33) 50 £ 10
Fitted W/Z events 0.49 + 0.36 (0.71) 7.7 £ 3.3 (11.6) 120 £+ 26 (166) 71416
Fitted QCD events 0.010-2 0.3+ 1.2 312 225 + 22
Fitted sum of background events 2.25 £ 0.94 93 £ 10 165 £ 13 346 £ 19

Systematics
e fit uncertainties dominated by modelling of MET and mt (associated error estimated by

varying MC generator and internal parameters)

e [Experimental uncertainties (dominated by JES and b-tagging) varied within their range
during the fit
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1 lepton - Results(ll)

e 2 events survive the mesr > 500 GeV cut, in agreement with the SM predictions

e Result interpreted as a 95% CL exclusion limit in a mSUGRA/CMSSM
scenario, with tanp=3, Ao=0, u >0

® |f mq=mrg, masses below 700 GeV are excluded.

3 e s
= v Y Y ———— T 5 MSUGRA/CMSSM: tan « 3, A « 0, u>0
% 10 ; J - Data?OlO(\S“r7T€Vl ! : ; 400 TTT YT YT T q:‘rlvv' T;l O R TR R B LR | BRI SR
o - ATLAS - Slﬂndﬂfd Model O ATLAS e - . - . Obs o t 950 Cl.:
: O multijets ) 6] L7 =35p0, \ 37 TeV T e ]
S 2 B8 W+jets e 1 lepton, 23 jets S NORCAN e .
T 10F Ldt~ 35pb’  EEZ+jets E € 3%0p Epecadimi 16
P s Ot . —— CMS jets (a,). 35 pb” -
4 = single top R Tt ]
= ' @8 Dibosons 200 W e E
LICJ «=+: MSUGRA m,=360 m, =280 LEP2} R
1 lepton: e, n = DO, i =
) 250 D0 g, qu«<0,2.1M" ]
4 *"'-'f‘ “VI B CDF g.q, tan=5, 2 ™"
L . 200 —
: 3 150 -
% on-!‘ > - ‘-‘ —
800 1000 1200 . 14100 on s ey | P ol | ll i l\. 1™
100 200 300 400 500 600 700 800 900

M,y [GeV] m, (GeV]

|.Vivarelli - SUSY searches with ATLAS - Marseille - March 18th 2011

Friday, March 18, 2011

24



2-lepton searches

Editors: S.French, G.Polesello, T.Sarangi, D.R.Tovey
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2 leptons

¢ A further step into complexity: require 2 leptons

e Sensitive to gaugino decays into weak bosons, slepton production and decay

e | ook both at Opposite Sign (OS) and same sign (SS) lepton pairs

e Main background: top pair production (fake leptons) for OS (SS) analysis

Selection:

e 2 leptons with M>5 GeV
e MET > 150 (100) GeV for
the OS (SS) analysis

e OS: top estimated in a CR 60
GeV < MET < 80 GeV
(kinematics top compatible)

e SS: fake estimate similar to §
1-lepton and b-jet analysis

Entries / 10 GeV

L 4 1 T L 4 a4 T
10‘ Ld!~3SDO‘ . MJ?(”ON_I-7T.'I""!
10° ATLAS Prefiminary B2 viets. W WZ. 22 3
i 3
CJovets g
107 Eweses .
wee SIS =3

1

10"

-

50 100 150 200 250 300 350 400

™ [GeV)

N a3

&,

Entries / 10 GeV

;

Same Sign

7 ® Data 2010 N5« 7 ToV) 3

J‘Lcl-&')po

ATLAS Preliminary [ 2 vets Wi, w2 22
i =
Cows 1

.Nopu

O e

s BULIEM

1ot g e 4

P TITNT T -

B0 100 150 200 280 300 380 400
Er™ [GeV)

|.Vivarelli - SUSY searches with ATLAS - Marseille - March 18th 2011

26

Friday, March 18, 2011



m,, [GeV]

2-leptons results

e Results consistent with SM
interpreted in MSUGRA/CMSSM as
a 95% CL exclusion limit

MSUGRA/CMSSM: tan§ = 3, A = 0, u>0 L™ =35 pb”, V&=7 TeV

m L] L] ] I . L L] L] I ] . L] L I L] L] L . l L] ] L L] ' L] L] L] Ll l L) L] L] L] -

a0 E-ATLAS Preliminary ~— Observed limit 95% CL SS

et e o~ = i imit SS -

2-lepton analysis (OS and SS) Median expected imk 83

280 ~— Observed limit 95% CL 0S—

- G(600GeV) seses Median expected limit OS =

260 = 3 (600 GeV =

....... & N ce2T E

240 : seocev) [ LEP2 i" Zx

220 Rt I 00%. % T

L 100§, quw,21m" 3

s ~ M COF §,G, tanps=5, 21" 3

180 -

........ q (500 GeV) -

1w ............. -
140
120
100

Same Sign, »E%“" > 100 GeV

< eEpE wEpE
Data 0 0 0
Fakes 012+013 003+002 0014 £0.01
Di-bosons  0.015 £ 0.005 0.035 + 0.012  0.021 + 0.009
Charge-flip  0.019 + 0.008 0.026 + 0.011
Cosmic - o™ -
Total 0.15 + 0.13 0.09 *333 0.04 + 0.01
Opposite Sign, ET™ > 150 GeV
) e e e put up
Data 1 4 4
tt 0.62793 1.2470% 1.0070%
Z+jets 0.19 £ 0.15 0.08 + 0.08 0.14 £ 0.17
Fakes —-0.024+0.02 —0.05+0.04 -
Single top  0.03 £ 0.05 0.06 + 0.08 0.10 £ 0.07
Di-bosons  0.09 £ 0.03 0.06 +0.03 0.15 4 0.03
Cosmics - oy O
Total 0.92*0 % 1433287 1.39%3 %3

* Previously allowed region close to
the mi=mx20 now exluded

e Results interpreted also in terms
of phenomenological models (see
backup)
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2-leptons, alternative strategy

¢ The basic idea is to look for an excess of same flavour leptons.
® Only source of SM background is Z/y (top to a lesser extent).
e Subtraction of non opposite flavour reduces systematic uncertainties:

¢ \ery robust limits can be set

e The variable tested is the excess of same flavour lepton pairs

g (65 E¥) NEetpT) , BNGuT) g SRR g S
Bl-(1-7)?) 1-(1-7)1-7) (1-(1-7)%) £ : BN Oveoreed ikt $6% C. (Lght i)
é, ----- Mecian axpacted imit {(Light newtralro)

ATLAS Preliminary
2-lepton flavour subtraction analysis

Sobs = 1.98%0.15(8)£0.02(7, ) £:0.06(,,)
Sezp = 2.06 £ 0.79(stat) & 0.78(syst)

D )
oooooo

B=ceo/ey, withee =e(w)f O B e
ID efficiency | R e
Te(u) = trigger efficiency b S
m, [GeV]
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MET + b-jet searches

Editors: D.Costanzo, M.D’Onofrio, K.Jakobs, |.Vivarelli
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SUSY with b-jet - Motivations

e Mixing between L and R component of squarks proportional to the fermion
partner mass — large mixing for 3rd generation squarks — generally expected
to be the lightest squarks

e | arge production cross section expected (bb(tt) or via gluino mediated
production).
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e Signature: large MET, multijet, abundance of b-jets, maybe 1-lepton.
e 2 mutually exclusive analysis developed:
e O-lepton channel: lepton veto (Pt > 20 GeV), 1-lepton channel: at least 1 lepton with

Pr> 20 GeV
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Event selection

* Trigger:

e O-lepton: at L1 ask one jet with Pt > 55 GeV (full efficient on offline Pt > 120 GeV). At HLT,
ask MET > 25 GeV (full efficient with offline MET > 100 GeV)

¢ 1-lepton: e(y) with online Pt > 15 (13) GeV

Amin = 0N(| Pt — P, |92 = P[5 — P
0O-lepton 1-lepton _ \/ lep pomiss __ _§omiss
Pre-selections cuts: = sz o 2 ET
Data Quality, Trigger requirements M = 2 ( p,rjef )i + E,rrniss . 2 prh’P
clean up for misidentified jets: electron fiduciality, i<4 i
> 1 primary vertex with > 5 tracks
no-lepton (pr > 20 GeV) > 1 lepton (pr > 20 GeV) On top of these CUtS, a
jet pr > 120,30,30 GeV, [n| < 2.5 | jet pr > 60,30 GeV, [n| < 2.5 . . . .

Eln}iss = 100 GeV E_lqaiss <> 80 GeV Slgnal reglon IS deflned
| ETSS [meg > 0.2 | - with Mess > 600 (500) GeV
At least 1 b-tagged jet (SV0, L/o(L) > 5.72, pt > 30GeV, |n| < 2.5) fOr the 0(1 )-Iepton Channel

A@pin > 0.4 rad my > 100 GeV
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Background estimation

e Due to the large MET cut and the b-jet requirement, the main
background is ttbar production for both the 0 and 1 lepton

channel
Cut tt ] W+ jets I Wbb I Z + jets [ Zbb ] single top O | _t
E?™ 5100 GeV | 3.55+0.02 [ 929+£0.15 | 01+£0.01 [ 4.66£0.14 [ 0.054 £0.002 [ 0.30 + 0.02 -lepton
EF* m.g>02 | 3.05+0.02 | 836+0.14 | 0.09+0.01 | 4.28+0.14 | 0.047 £0.001 | 0.26 % 0.02 :
1 b-tagged jet | 2.15+0.02 | 0.69+0.04 | 0.06+0.01 | 0.28+0.03 | 0.022+0.001 | 0.16 + 0.01 MC predlcted
Admin > 0.4 1.60+0.02 | 0.42+0.03 | 0.05+0.01 | 0.19+0.03 | 0.016 £0.001 | 0.11 = 0.01 cut flow
meg > 600 GeV | 0.33 +£0.01 | 0.11 £ 0.02 | 0.006 +0.002 | 0.05+0.01 | 0.0031 = 0.0003 | 0.02 + 0.01
Cut Top W Z QCD | Di-boson production
1 electron with pr > 20 GeV | 244 3760 631.4 16865 6.2
2 jets (pr > 60,30 GeV) 17.2 59.6 21.2 590 1.0 1 —Iepton (electron)
Exi®= > 80 GeV 46 104 0.3 6.6 0.2 MC predicted cut flow
mt > 100 GeV 1.0 0.38 0.025 0.08 0.0021 .
1 b-tag 0.70 0.016 3x10~*| 0.06 0.0013 (similar for muons)
meg > 500 GeV 0.18 0.011
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Background estimation (0O-lepton)

e QCD estimation:

e Apply all the cuts up to the b-jet requirement.

e Revert the Apmin cut: QCD dominated region.
Metf is weakly correlated with Agmin. Take the
Mett shape from Amin < 0.4 region.

e The QCD contribution in the signal region
(A@min> 0.4, Mess > 600 GeV) is

SR R R . 5
N QCD.DATA = (Nl()A'I‘A Cy N,(ancu,Mc)"MC /600 i i QCD (megr)dmeg

From MC: fraction of
QCD events that pass
the A@min> 0.4 cut

e Systematics on Fwmc include:
differences, possible variations in the b-quark

content, MC statistics.

From bottom right plot

ME/PS MC

Events /0.2 rad

Events / 50 GeV

106 i B B S el S
ATLAS Preliminary C-lepton, 3 jets
105 A= ® Deta20W
fLm:SSpb.\s=7TeV S Moate Carkd
10‘ Db;w)l.!w
) v erooucren
W :ocosren
103 D QC0 prodcton
102 seee 500 GV, § 380 Gov
10

2
0% 04 08 12 16 2 24 28 32
Auxiliary material fig. 2  a¢__
10. VT YTy T T Y
ATLAS Preliminary O-lepton,3 jets
10° f Ldt=35pb"Ne=7Tev _° ==
. O wpsrcosten
10° Aprin < 0.4 SRV

[ oco producten
sees 3500 Gov. B 200 Gev

ﬁt

800 1200 1600 2000

Auxiliary material fig. 3 "« (V]
33

Friday, March 18, 2011



Background estimation (0O-lepton)

e non QCD (ttbar, Z, W, single top) background estimation done using MC. Systematics include:
e Common: JES, b-tagging, luminosity, trigger, lepton ID and scale, MC-statistics
e ttbar: cross section (6%), generator uncertainties (17%), ISR/FSR (% _254), PDF (6%)

e W and Z: cross section (5%), PDF (5%), renormalization and factorization scale + PS matching (24%),
uncertainty on the W(Z)bb component (100%)

> X -y NPT DaTafd S BBt | Palidid > ST R V1 B | BT AR R AR
8 ATLAS Preliminary Simulation 0-lepton, 2 jets 8 ATLAS Preliminary Simulation 0-kpwon, 3 jots
8 10 [fiosaspVearmev o ducemoum 8 10°F [uasaspyNarTov % O
~ * f POWHEGL MUY ~ « ISR
3 : * FSA Dows
g 10%h A ¥ POVMEGEYTHIA : g 107 Ao w"'
w ) ISR Down, FSR Dows
e ISA Up. FSA Up
10 . =
=
_
1 -
@
:4‘-:
10"
& +4 T
10.2 -A‘:’-‘-l ..... LA s A A 4 o l;.'x'-’. | BT
9 3 14F T -
8 . M -4 lT
g e 1 = ok
P 2 08 3%+ |l .
2 g osft +| |4 .
b 0 400 800 1200 1600 2000
m,, [GeV]
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O-lepton channel, data/prediction comparison

. Selection Expected events | Observed Events
Good agreement in the of the  "Ep=>7100Gev | 4800 = 1600 5834
data prediction with the ~ EF[me>02 | awex0 | o
i i ~t APmin > 0.4 90 = 30 01
theoretical prediction at .aII Esaridnd sk + l
levels of the event selection -

Non-QCD dominated

- 10° ——— - 10t g —m—————1————r—
* ATLAS Preliminary O-lepton, 3 jets @ ATLAS Preliminary 0-lepton, 3 je
S 10 9 10
4 f Ldt=35pb ' Ne=7Tev o ooa2 5 f Ldt=35pb ' Ve=7Tev o oo
— ~—
@0 1 O‘ 3 300 producton @0 1 0‘ ) wp procuston
c ) W procuction c ) W procucsor
g 1 03 9 1 ()3 - B : poouston
w o () oco procuction
10° 107 sees F 500 GoV, b 300 Gov

p, [GeV]
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Background estimation (1-lepton)

¢ QCD estimation from a Matrix method relying on 2 data sets

differing only in the lepton ID criteria: tight (standard) and loose

(relaxed). N},ﬁiﬁ' it 5rmj£3k:fake (Nlooseg . _ Ntight),

/ \ Measured in a QCD

Measured with a Z enriched sample
tag and proble

Auxiliary material fig. 5

> ) T L. P g T | A B N | > v | I | AT B ey Ty T
3 10 ATLAS Preliminary  1.myon, 2 jets 3 10 ATLAS Prelmindty  1.giocwon, 2 j0ts
‘:D fLm-aspb G=7 TeV E;"<80GeV ] f;’ - f'.ct-3590 NE=7 TeV 7" <B0GeV 3
a ® e 200 n I ® 2 e 7 u u
B . o= 1 v D= 1 QCD vyield consistent

W A : o N ot ater :

e = 1 with 0 in the signal
: region
.

80 100 150 200 250
m, [GaV)] m, [GeV]

Figure 5: Distribution of the transverse mass in the QCD control region in the muon channel (left) and in the electron channel (right). The
QCD background Is estimated using the matrix method. The full systematic uncertainty on the expectation of the QCD multijet background
is shown in yellow. The fluctuations in the tails of the distributions are due to the limited Monte Carlo statistics available.
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Background estimation (1-lepton)

e non QCD background: use an ABCD method relying on the small correlation between
the Mt and the Mes:

SM Region Data Monte Carlo
Np™ = N¢ /Ny X Np A: 40 < mt < 100 GeV and meg < 500 GeV | 103 105.1 = 1.5
B: mt > 100 GeV and m.g < 500 GeV 46 359 =05
. . C: 40 < mp < 100 GeV and mqg > 500 GeV 33 40.1 = 0.8
e Dominant uncertainty D:m; > 100 GeV and m.g > 500 GeV 9 13.5 =+ 0.4
arising from the Ilimited Esti.mation 14.7':i: 3.7? 13.7x04 .
statistics in the CR . Bt UL )
40 GeV < Mt < 100 GeV
> 10‘ vvvvvv YTy T rTYYYY T YTy Ty > 10‘ vvvvvv T TYTTTTYTTTTY YTy | B
8 ATLAS Preliminary 1-gloct-on, 2 jots 5 ATLAS Preliminary 1:muon, 2 jots
2 10°p f LA=35pb"VETTOV o e 1" 3 10°} f Ldt=35pb"NE=7Tov o oonione NEren Data/MC
3 w0 srcouction ) up prosuston
§ 10° = - : == agreement in
() ©CO procucnen u () GCo prosucton
""" J4000uV.T 2106V weee A0 T 21000V non—QCD
background
CR
10"
10% 1600 2000 10% 1600 2000
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Results

e The number of data events observed both in the 0 and 1 lepton channel is consistent
with the SM expectation. Therefore, upper limits at 95% CL exclusion on a new physics
event yield in the signal regions can be computed

10* Y T T T T T T T 10 T T T ' T T T T T
:’, ; ATLAS Prefiminary OHoptond wts 3 (:i:; 3 ATLAS Predminary D-opiond jots -
g 10’!' chz-x.pb'.\’i.ﬂqv é,f,:‘;'::_‘ . g 10‘!' fLa:-sspo'.s';-nov t;)f:,,_’, 1
O-lepton 1-lepton 1-lepton £ 10°k > -?:E;*? ; £ 167 . = "";;:' i
_ MonteCarlo data-driven_ : T =Ho :"r =ferag
tt and single top 12.24£50 123£4.0 14.7 £ 3.7 10{ . E [ E
Wand Z 6.0+20 0804 1k ) [ ]
QCD 1410  04+04 0194 ] ! ]
~Total SM 196%£69 135%41 | 14.7+37 10°F 1 r
Data 15 9 9 ; - ; 3
10% 107556700 150 200 250 300 350 400 450 500
m,. (GeV] ET™ [GeV]
s An:AS Pmlmrirwy 14epnon, 2,; 3 4 ]ATLIAS l"rolininary' ' up:m 2,1«
g o g -
. . . . 10) x ' L - :n.\o‘v: ‘05 S ' ) . :u-?)_':
* A profile likelihood ratio approach ~ § °F Jrowswitrm S 1 S0 Jreewenme S0
. . . o @ ~ oot
has been used. The limit is 10.4 & ' 2 | _
. . " ° sasa B aooOuw | e
(4.7) events in the signal region of | i
H 1
the 0(1)-lepton analysis. :
10°
107§
ET™ (GeV)
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Result interpretation - O lepton

¢ Interpretation of the zero-lepton results in

. . ~~+"_“ . -~ “’+ - N +--0
gluino-sbottom scenarios: e L
8 — ATLAS Preliminary _[Ldt=35 pb'NE=7 TeV = obs. limit 95% CL
g~ b1b (BR=1)’ b1 —b + X10 (BR=1) ZQ“ 600 — Odepton, 3jets e exp. limit 95% CL
~ 0 _ —
m(X1 ) = 60 GeV C m@)=60GeV,m(g, )>>m@)

1,2

500 —
eSignal efficiency (me#>600 GeV): - [ corbp, 265" '
400 — . DO bb, 52 b ’q./:'"' y
e\/aries between 7% and 50% across . CJoors b2t 2 Refroncepont
the (mg,mp1) plane lowest for large 300 :

II|IIII|IIII|IIIIII1I]

AM, where b1b1 production dominates

N

o

o
IIII
I|I

. SyStematiC unCertaintieS: 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 | -
100 200 300 400 500 600 700

m; [GeV]

eTheoretical: renorm/factor scale and
PDF: for gg: ~16% and 11-25%; for
bib1: ~30% and 7-16%

Gluino masses below 590
GeV excluded for sbottom

e Experimental: dominant JES and b-
xperimental: dominant JES an masses below 500 GeV

tagging
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Result interpretation - 1 lepton

o + 11, production, § = Tist . T, —» bei]
g 1-lepton, 2 jets = NLO PEpO
e|nterpretation of the one-lepton results S1E ) =60Gev, me) - 2mee) e
in gluino-stop scenarios: ~ '§ g
—5 — —ph~ + — : ! SO )
g t10'|: (_BR 1), t1—b ++X1 (BR 1)’ . § . =210 GeV /
m(x1” ) =60 GeV, m(1*)=2 -m(x1°) § 10f i
eSignal efficiency (mew>500 GeV): e ATLAS Prolminary  fLa-ssm’ -7
Varies between 0.4% and 3% across
the (mg,m+1) plane lowest for large
AM, where t1t1 production dominates -
e Systematic uncertainties: T w
e Theoretical: renérm/factor scale m, [GeV]
and PDF: for gg: ~16% and
11-25%; for t1t1: ~30% and Gluino masses below 520
7-16% GeV excluded for stop

masses up to the 300 GeV
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Result interpretation - mMSUGRA/CMSSM

® Interpretation of the zero-lepton 2 MSUGRAICHSSM : anp = 40,4 = 0,4 >0

. . < - ™ L2 SR N P D LR 3
and one-lepton results in high 3 s Eanas ereimnay fua-sewerm e T
tan b mMSUGRA scenario: £wsf Toes e 3
tanpf=40,u>0,A0=0 280 £ SO,
260 — | L m©) <m(x) &
: B /T B cee2i 3
efor each mo,m1/2 scenario: il By o
220 Bff oTvteeeeeee . N ‘ : R
sbottom masses reduced w.r.t. o0 < Y RN \ =
low tanf, stop masses not so 180 £ \\m—
sensitive to tanp il T L
140 E- | 1 e R ‘. 1 5.(7?') 1 ?(“?,-E
200 400 600 800 1000 [GeV]
eShow interpretation of results &
from analyses separately and
. y P y Exclude sbottom masses < 550 GeV, stop masses <
combined. 470 GeV, gluino masses < 600 GeV if m(gl) = m(sq1.2)
Gluino masses < 500 GeV excluded for 100 GeV <
mo< 1 TeV

41

Friday, March 18, 2011



Next future - Outlook

e One of the dominant systematic uncertainties is the one related to Jet

Energy Scale.

¢ [ntroducing data driven techniques already gave some improvement

Process | MC stat | JES | b-tagging | Lum. | Theor. | Pileup other Total
(lepton, trigger)
w +15% +24% +11% | £27% | 5% +3.5% +43%
Z +27% +25% | £11% | £27% | 5% +3.5% +45%
LA N v
Top | %25 tieg | E11% | T8 | 5% +3.5% +40%
ot R ——— e - e
> 0.18 — - : > 0.14
< : A, R=0.6, JES Caltration, 03<4i<0.8 S Anti-k, R=0.6, <0.8, Data 2010 + Monte Cario QCD jets
%: 0 1(); g ""3""‘: Cario CCO jets % 0.12 ® Underying event (Peruga went P
20 14; 4 g A ALPGEN, Herwig, A od Be !
S E = 2 0.1} 3 :
o 0 12 - O r v Nose Theeshs ge par o~
= | © 2 | JES 1
§ o $ 0.08
:;% 0.08| ATLAS Preliminary }} 0.06F ATLAS Preliminary ]
7 f 7 L ]
4 0.06| : 3 .
= f 3 % 0.04 o o 0 T g—p ]
¢ 0.04] : i = ) ' o T
-— { ..-'.....‘..- cddemocfdecssm e R e — L A 1
3 0.02] Nople N o ' g 0028 ; x A B
(o el [ a i y nn e . S - X & ! X ; »  ow . o 3 ¥ -
ot ®.8. 2. 4.8 R 580 0088 @ ote.% §.9.3 3 258 FR 2.0
20 30 40 100 2x10° o [ 30 4050 10° 2x10° e s 10
py [GeV] py [GeV]

~data driven JES
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Next future - Outlook (ll)

e Further improvement expected by the full exploitation of E/p,
multijet balance, gamma + jet balance

e JES in central calorimeter region set propagating the single

particle response to jets ATLAS-CONF-2010-052
Editors: M. Duehrssen, N.Kanaya, l.Vivarelli

Single particle response: Propagate to jets:
- E/p measurement (charged _ Use PYTHIA to get the
hadrons up to ~ 20 GeV) jet composition in terms of : :
- Test beam results (charged saiele fpe A Predicted calorimeter
hadrons with p > 20 GeV) — > momenta —>| Jet energy sc_:ale and
- photon scoale uncertainty - propagate the single uncertainty
.(r[ ~YY) particle response
- Assumptions on pure neutral
hadronic component (K°, n)
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Next future - Outlook (lIl)
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jet energy scale

1.06/~ anti-k,, R=0.6, TopoCluster S o
0.0<[n|<0.3 ’c "’ .
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¢ \/alidation of the scale using gamma/jet balance

¢ Propagation from the central to the forward regions using multi-jet balance

e Expect to bring the JES down to 2% (in not even 1 year of data taking)
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Summary and conclusions

e The ATLAS detector works well. Already with the first 35 pb™' a
large physics program has been achieved

¢ \Wide variety of SUSY searches, with general selections that cover
a lot of topologies (R-parity violating scenarios not covered):

e Results are SM compatible — tight exclusion limits (best to
date in many cases) determined

¢ \WWorking hard to optimise the selections for increased luminosity,
Investigate more topologies, reduce systematic uncertainties.
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BACKUP
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Jet performance

- ATLAS Preliminary Anti-k, R=0.6 Cluster Jets 1
1.2 60 <p. "’ <80 GeV EM+JES Calibration

ey tt

e Scale in the forward region set using
the multijet balance

e Overall jet energy scale known at T4t A,f+ +++¢’++A ++
s Py +~

Relative jet response, 1/c

1 - 2 +
~5% level in summer 0l + t
. R - Data2010,\s =7 TeV
e New results being approved 0.8
O ,.3}12: e —
s 12 + ++

< o2F . = g 1 + e ee o
EI SRRV, efMwes 3§ 4 B SN R 8

0.16: 0.0<lyl<0.8 s GCW _f 08“ |

0.14;— —— LCW —; . 2 & 1 ? : < 3 ,Jit n

0.12:— - GS =

0.1 —

0.08]— =

0.06 Ldt=235pb" — .

0045 ATLAS Preliminary = Jet resolution under control
~ 0.02F f =
g 20 — . .
F »ﬁ ------ % ------- ﬁ ------ LI, A i} --------- * ----- i ------- {1 ® Expect improvement when moving to
S St R LR LEELELY CELERELEEELEREE SEECELERLECRTTELEETE SEDEEY SIEELE - . . .
£ P SOOI SO S0 - improved hadronic scale corrections
a -20 — 1
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(P, #P, )12 (GeV)
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ETmiss

e Nice well understood missing
more being approved)

]
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SM measurement
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Statistical procedure
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L(n,6°|u, b,0)

Psr X Pcr X Psyst

P(ns\As(u, b,6) x | | P(uldi(u, b,6) x Psy(6°.6).

ieCS
As(.b,6) = p-cysr(®) s+ Y cisr(6)-bj,
J

A(Lb,0) = p-csi6)-s+ Zc,-,,-(o) . b;.

Psys(@.6) = | | G@ -6,

J
MC(j,i
JjeSuU Cprocess j, regioni = MC((}{ f)) X (1 > Z Ajik gk)
’ k

AQ) = AQ, n,8%) = —2(1n Ln, 6\, b,8) — InL(n, "2, B, 9) ,

9 { P> (A(f2)) azp _ [ Pa(AG) p<0
HTL1-PoA@) p<p. T 1-PaoA@) A20.

|.Vivarelli - SUSY searches with ATLAS - Marseille - March 18th 2011
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More O-lepton inclusive plots
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Sguark-gluino-neutralino model (massless ) L™ =35 pb” Ne=7 TeV
1
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Squark-gluino-neutraiino model (massless %) L™ =35 pb”,Ve=7 TeV
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Squark-gluino-neutralino model (massless %)

L™ =35 pb ", Ve=7 TeV
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Squark-gluino-neutralino model (massless %) L™ = 35 pb ", Ne=7 TeV
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More 1/2-lepton plots
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Results (ll)

* Consider more general MSSM 24-parameter framework, where
sleptons are in the gluino and squark decays chains :
— m,=1000 GeV, p=1.5xmin(m,,m,), tanB=4, A=p/tanB, A =A=ptanp
- m(lx)=m(l), m(dr)=m(q;), 3™ generation at high mass

“compressed spectrum” (CS): m(i®,) =M - 50 GeV, m(%°,)=M - 150 GeV, m(TL)=M -100 GeV, with
M=min(m,,m,) -> soft final state kinematics

* “light neutralino” (LN): m(}°,)=100 GeV, m(%°,) =M-100 GeV, m(IL) M/2 GeV = hard kinematics
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More b-jet plots
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Auxiliary mSUGRA low tanf
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Auxiliary mSUGRA with tanf=40, Ao=-500 GeV

m,, [GeV]

MSUGRA/CMSSM : tanp = 40, A_= -500 GeV, u > 0.
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Auxiliary SO(10)

Consider two SO(10) models,
HS and DR3, differing on the
splitting:
in DR3, gluino 3-body decay

in bbyo' dominates
in HS, gluino 3-body decay
in bbyo? dominates

Excluded gluino masses
below 520 (420) GeV for
DH3 (HS) mode
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Auxiliary 2D gluino-stop plane
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