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Introduction

Federica Legger, "Physics at LHC" seminar



.
Wh at |S S U SY? See Joerg's talk from last week

®  One of the candidates for physics beyond the Standard Model (SM);

®  Protects the Higgs mass from quadratically diverging radiative corrections,
solves hierarchy problem, GUTSs;

B Postulates invariance of the theory under a simmetry which transforms
leptons into bosons and viceversa;

®  Therefore each SM particle has a corresponding supersymmetric partner
with the same quantum numbers but spin different by 1/2;

®  But no supersymmetric particle seen so far -> SUSY must be broken;

B Many possible ways to break SUSY: we will consider the one with the
minimal possible particle content: the Minimal Supersymmetric Standard
Model (MSSM)

B To preserve conservation of baryonic and leptonic quantum numbers, a new
quantum number is introduced (R-parity), which is 1 for particles and -1 for
sparticles

B We consider only models where R-parity is not violated

B As a consequence, sparticles are produced in pairs, and decay to the
lightest SUSY particle (LSP) which is stable and cannot be detected

®  Main signature is therefore Missing Transverse Energy (MET)
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Event topology at LHC

The MSSM has large number of parameters

(~100);

A limited number of models can be studied:;
mSUGRA, SUSY breaking mediated by

gravity

® |LSP is neutralino
GMSB, SUSY breaking mediated by a gauge
interaction through messenger gauge fields
= LSP is gravitino

We focus on R-parity conserving mSUGRA

models

LSP is stable — large missing energy
Sparticles produced in pairs = cascade decays

Multi jets + leptons + missing transverse 10N

energy (MET)

Signatures from GMSB models are very
analysis dependent

Not considered
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SUSY DM preferred regions

excluded by LEP | soo . tanB=10, >0
i !, Ellis et al. hep-ph/030304
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" B
MSUGRA benchmark points for ATLAS

B We consider the following points in the mSUGRA parameter space:

SUT my =70 GeV, mug = 350 GeV, Apg = 0, tanff = 10, g > 0. Coannihilation region with
nearly degenerate jﬁl and /.
SU2 my = 3550 GeV, m]p = ?{}0 Ge‘f fig =0, tanﬁ = i{] p > U Pﬂcus point region near

np = 100 GeV, myp = 300 GeV, Ag = —300 GCV tan,B = 6, i > 0. Bulk region: rela-

tively light sleptons enhance LSP annihilation.
SU4 mp = 200 GeV. my;, = 160 GeV, Ag = —400 GeV, tanff = 10, i > 0. Low mass point
close to Tevatron bound.
SU6  mgy =320 GV, myp = 375 GeV, Ag =0, tan 5 = 50, ¢ > 0. Funnel region with QM;—{? =
M. Since tan 5 5 1, A is wide and 1 decays dominale.
SUS.T mp =210 GeV, myn = 360 GeV, Ag = 0, tanf = 40, u > 0. Variant of coannihilation
region with tan 8 = 1, so that only M{ 1)) —M{;E?) is small.
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SUSY inclusive searches
& SM background
estimation in ATLAS
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B
SUSY searches in ATLAS

For this talk: focus on R-parity conserving, gravitino mediated
(mSUGRA) models 9

* LSP is stable = large missing energy

* Sparticles produced in pairs = cascade decays

» Signature: Multi jets + leptons + missing transverse energy (E. . )
B Baseline selection cuts: Effecti L\ jeti S leps
o ° ectlve maSS —U—e _ pief..: 4 p stp.t_l_ E .
* atleast 4 jets with PT>50GeV ff ; g ; ! T,miss

« atleast 1 jet with PT>100GeV * Total event activity

e n I?Ftons (e,u ) with PT > 20 * correlated to mass of sparticles
Ge

, h=0,1,... . ey
. E__ > min(100 GeV, 0.2 *Meff Transverse sphericity (event shape)

. T:;nri:;verse Sphericity > 0.2 %D ‘% SUSY

Transv. spher. ~ 0 Transv. spher. ~ 1

® Other topics:

* GMSB (SUSY breaking mediated by gauge interaction, LSP is gravitino), Split-SUSY. Signature
very analysis dependent (high pt photons, long lived sparticles)

* Exclusive measurements
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- B
ATLAS sensitivity to SUSY
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B MET + 4 jets + leptons

B Cut on effective mass optimized to get best signal significance

B Background uncertainties from data-driven methods (assuming 1 fb-1)
« top/W (20%) + QCD (50%) + 1/sqrt(N
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":-9 E
1-lepton search ;™
_ﬂ C
= L
() L
mode g
: 15
" Selection cuts: s
at least 4 jets with PT>50GeV i
at least 1 jet with PT>100GeV 105
1 lepton (e, p ) with PT > 20 GeV 0
MET > 100 GeV
MET > 0.2 effective mass o T
Transverse Sphericity ST > 0.2 =k
transverse mass(lepton, ET) > o
100GeV S F
e
. 10
®  Main backgrounds: -
tt -
Wjets =
10"
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B
SUSY inclusive searches

®  (O-lepton
B High pt jets and leptons " 1-lepton
B Event variables:
* MET
* Effective mass (total activity in the event)
* Azimuthal angle separation between MET and 3 leading jets
* Transverse sphericity (event shape)
H i
B W+ jets
SM backgrounds n 2 jets
B QCD jets
B Should be estimated from data because of . \[,)\;\t,)\? S(ZDQ pvr\(l)é:esses
poor knowledge of: S
* Underlying Event Background composition
* Parton Showering
« Cross-sections S 0=
T _ it  62% 91%
* Parton Distribution Functions W 17% 7%
* Detector Calibration (jets, MET) Z 10% 1%
* limited Monte Carlo statistics QCD 10% <1%
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B
Data-driven background estimation

Estimate SM backgrounds (and uncertainties) in a signal region where SUSY
may be present;
_SL#SY (rjnay be discovered if an excess of events with respect to SM predictions
Is found;
Derive prediction from a control region, similar to signal region but where no
SUSY signal is present

unbiased estimation of SM background

Enough statistics

Low theoretical uncertainties

Low SUSY contamination
Selection and good understanding of control sample is fundamental to correctly
extrapolate backgrounds to the signal region

SUSY contamination in the control sample will lead to an overestimation of SM
backgrounds in the signal region;
This can be taken into account by:

Iteration: background is evaluated in the assumption that no SUSY is present. If an
excess of events is still found, a correction to the background estimate can be applied
by studying the properties of the excess itself,

Combined fit taking into account a possible SUSY contribution to control sample.

In the following, a statistic of 1 fb' is assumed

Federica Legger, "Physics at LHC" seminar



0-lepton mode
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O o con mod |
QCD background R,

®  Neutrinos emitted from semileptonic decays of Jet
b/c (real E; ..,)
= Mismeasurement of jet energies (fake E; . ) jet
= Inboth cases, E.____points in one of o T AR
: : . ’ ATLAS preliminary
the jet directions 100 S en e
®  QCD background can be estimated - 20D date

No. events / 50GeV / 23.8pb™

II| 1 IIHIII| 1 III\III| 1 IIIHII| 1 IIIIIII‘ 1 IIIIIII+

from data from multi-jet events with —— sus3
102
no ET,miss
Measure jet response function from 10
events where E, ____is (anti-)parallel
: ’ 1 c
to a Jet 0 100 200 300 400 500 600" 700 'é:':é_'"ééé' 1000
Apply to smear (all) jet pt in seed - . £y (GeV)
events with low E._ Statistic uncertainties ~1%
o " Systematic uncertainties ~60%
Normalization to QCD jet events from biased event selection, statistics in non-gaussian
with E; . <30 GeV tail and jet response function measurement

low SUSY contamination

Federica Legger, "Physics at LHC" seminar



B 0-lepton mode ]
Replacement Z -> vv

Control sample:
reconstructed Z->ee or Z->uu events

Replace charged leptons with neutrinos
E is given by pt(ll)~pt(2)

T,miss

Correct for lepton identification
efficiency

from data with tag and probe method ~ 2 '%F ' , '
~ B A ARY ]
Correct for acceptance cuts (MC) 2 L - Zsee+Z—seX
Get Z->vv distributions (normalization & E £moup
and shape) L N
Use extrapolation or MC to get the
shape in low stat region i ATLAS T % b
10 2 preliminary =
Statistic uncertainties: 13% i /
Systematic uncertainties: 8% e o E
lepton ID efficiency measurement and E, . scale 0 200 400 / 600 Miggigg - [G190\?]0
low SUSY contamination BR(Z -> w) / BR(Z->ll) ~ 6

Federica Legger, "Physics at LHC" seminar



_ 0-lepton mode ]
tt + W: transverse mass

background
+

background

Second
variable

B Semileptonic top can contribute to O-
lepton mode searches when the
lepton is not identified

* Tau, out of acceptance, inside jet Background
inC=DxB/A

[packground f background
only A | D only

Missing ET

B Control sample

e SUSY selection + MT < 100 GeV +

Systematic uncertainties ~15%
1 lepton

2

® True QCD/top/W BG

® Estimated QCD/top/W BG

+_.__.! True QCD/top/W BG + SU3
+

+
=

: : o

B The isolated lepton is then removed +
from the event, and all kinematic 2 10°

@

=

@

variables recalculated ATLAS

B Normalization ~ . preliminary
* 100 GeV < MET< 200 GeV 0

B QCD estimation also included

B SUSY contamination:

[ ] - 1 1111 |||||| 111 | 1 |||||||||||||| ||||||| | [ |||||
extract from control sample 105900200 300 400 500 800 700 800900 1000
Missing ET [GeV]
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1-lepton mode
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S 1 icpion mode |
Dileptonic tt: kinematic ..., ®™
reconstruction ;

Vﬁf‘. neutrino
B Solve system of equations for jets with

proton beam proton beam

pt > 20 GeV |
W,‘
mW (i1 + pu1)? / vy e., g
mW (pl2 —I_ pl/2) 3 electron 3 Jet 2 {E]
= (pi1 + pv1 + p1)? -
v CT T I ! 7
.= (pr2 + Pv2 + Pp2)? = F e B 1
B =0y + o) i T
Emiss — @ g00f- : 3
p(l/l)y + p(l/?)y g E ESH; .
300F- =
Quartic equation: 0, 2 or 4 solutions 200 NN ATLAS preliminary -
* no solutions: SUSY event, semi-leptonic S -
ttbar, ... Rk E
. L , S ——e——
2 or 4 solutions: dileptonic top 0 1 : : n = 5

Nb—jet pairs

before E; ., cutis applied

Federica Legger, "Physics at LHC" seminar



B 1-lepton mode i
Dileptonic tt: kinematic reconstruction

B Dileptonic top with one lepton B Contribution estimated in the control
missed because it is sample by
a tau (51%) * * Replacing a lepton with a tau
Misidentified (20%) * Removing a lepton
Inside a jet (17%) B Recalculate event variables, then apply 1-
Not in acceptance (9%) lepton SUSY selection
Both leptons are taus (3%) > e
. 8 ) Dlleptonlc top, Monte CarIo
®  Control sample selection: 2 S 10F SUSY signal, Bulk region
. ] ] © = —&— Data-driven Estimate ]
|ept0nS, 3 ]etS, nb b'Jet pairs > 0 "o - B over-estimate due to SUSY |
m Normalizationinlow E___region 2 [ ]
' § 10 ATLAS Preliminary —
L C .
<ZD' B _
Statistical error: 10% I i
Systematic uncertainties ~20%
Jet energy scale, normalization 1 3 E
SUSY contamination: 50% 0 100 200 300 400 500 808 700 800 900 1000

Missing ET (GeV)

Federica Legger, "Physics at LHC" seminar



Dileptonic tt: top redecay

Tag seed events (with low E
containing 2 tops
Reconstruct 4-momentum of tops
Redecay/hadronize with Pythia

Simulate decay products with fast
simulation (ATLFAST)

Remove from seed event original
decay products and merge new
ones

Apply standard SUSY selection
cuts on merged events

Normalization to data in low ET -
region

TJnSs)

Statistic uncertainties ~30%
Systematic uncertainties ~30%
SUSY contamination ~60%

No. Events / 1 fb'/ 20 GeV

10

Jet 1(b) o &

proton peam

neutring

9

1-lepton mode ]

m muon

v

W H neutrino

2
J
2 ¥

electron Jet 2 (B]

0

I

I bbby
Bl bbgaly
L Z+jets 7]
W +ets
[ WW/WZ/ZZ/tWitg/tg—]

[ ]5Uasignal

& [Estimate

ATLAS
preliminary

L, .

100 200 300 4DUI 50

IIIII
0 600

700 800 900 1000
ETS (GeV)
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0.22F T —tibar
- 1-lepton mode o2 —su3 I
0.18 .
0.16F —W+jets )
Semileptonic tt: top box :
emileptonic tt: top box ::
0.08 preliminary -
0.06[ E
B Reconstruct leptonic W assuming neutrino from W 0.04 E
responsible for all MET °°§0 ..... T Sl
50 100 150 200 250 300 350 400
B Reconstruct “best” (mass closest to top mass) mTopLep (GeV)
leptonic top with one of the leading jets 037 T j T T —tibar
. : - —SU3
B Reconstruct best hadronic W with the three 025 — Wajets
remaining leading jets 0.2 :
B Reconstruct best hadronic top 0151 i ATLAS E
. P reliminary -
B Top box cuts (define control sample) B P Y :
0.05 -
‘ MT{J;)—!(.’;) - MT(};) | < 25 GeV 05 :
50 100 150 200 250 300
| Mw —paa - Mw | < 15 GeV mWHad (GeV)
|MT(”)—;‘T'.'(M?"_MT(){)‘ <25 GeV 0-14;_ ll:gza;
B Extrapolation to signal region using MC °;i: — Wajets
Source Contribution % o.uai— ATL_AS _i
Jet energy scale 20 0.06 preliminary =
Ey scale 2 0.04 =
MC Model dependence of Ry 8 . 02; E
Systematic uncertainties ~22% oo e panoe]

—h

B KR R YR R K]
Federica Legger, "Physics at LHC" ser mTopHad (GeV)
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r S 1 -lepton mode |

tt + W: transverse mass

B Transverse mass and MET uncorrelated
B Control sample

©
c
O .
(O
)
n

varlable

background backg+round
only B | C susy

ibackground background
only A | D only

* SUSY selection + MT < 100 GeV Missing ET
B SUSY contamination: extract from control Background in C = D x B/A
Sample Syst. error
Jet energy scale < 5%
* assume same SUSY signal ratio in control Lepton ID efficiency 7%
: : MC@NLO vs ALPGEN 8%
and Slgnal region for all SUSY samples MC parameter variation (ALPGEN) < 5%
T (T T R ARRRAR=amE sy P TrSystematic uncertainties ~15%
2 'V E 0 3 =
= - ATLAS O 88; 1 = 10° E Ao = truth BG E
PR s O SU3 1 o F lo- truth BG+SUSY ]
E N preliminary —SMBG | & T Lem O truth SUSY i
5 & W SN I = > ®est. BG (new MT) |
T 7 ] & o~ 3
= * Diboson - _O__Q_ ATLAS
10 o = - reliminar
T ety oo 7 1 prefminary
B T N

_?.

|

L 4

IIII|-(

1=

=g H 4

Transverse Mass [GeV]

10 B
0 50 100 150 200 250 300 350 ZOO 450 500 0 100 200 300 400 500 "800 700 800 900 1000

Missing E_ [GeV]
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B 1-lepton mode ]
Dileptonic tt with one misidentified

lepton: HT2

; observed ttbar+Wjets+ SUSY
f 10°F o true SUSY B
:,E E e true tthar+Wijets E
& - - ®  estimated ttbar+Wijets —
> - i
B Control sample - oL f—? e i“f» ]
*+ SUSY selection +HT2<300GeV £ F iii E
=) B Jf‘ i
pd
HT? — etz lepton B ﬁ 7
Z s ATLAS f
- preliminary =
L METSignificanceuncorrelatedtoHT2 :....I....I....I....I....I...I...I...I....I....:
0 5 10 15 20 25 30 35 40 45 50
ET/[049 Y Er ] Missing Et significance

B Normalization region:
* HT2 > 300 GeV and 8<MET significance<14 (low MET region)

Systematic uncertainties (MC) ~20%
Systematic uncertainties (detector) ~20%

Federica Legger, "Physics at LHC" seminar



A 1-lepton mode

tt + W: combined fit

B Improve MT sideband subtraction method;

B Extract background from L-shaped region in MET and MT with 2-dimensional fit
* Sideband: SUSY selection + MT < 150 GeV OR MET < 200 GeV
* Signal: SUSY selection + MT > 150 GeV AND MET > 200 GeV

Signal
region

MT

sideband

o

Missing ET

B |n a fit, correlations between MT and MET can be taken into account, and also

SUSY contamination

Federica Legger, "Physics at LHC" seminar



- B 1-lepton mode I
tt + W: combined fit

B Fit three observables: MET, MT and Mtop (invariant mass of 3 jets with largest
vector PT sum)

B All SUSY models (except SU4) have similar behaviour in SB region in MT and
MET - build a model background only vs background+SUSY

B Relax all parameters except the SUSY ansatz shape

|II|III|III|II
tt-=bblvagq

tt -> bb v qq 5130 it -> bb Iv qq Bo50 _
160 ~ ]
tt-= bb v Iv ™ it -= bb v Iv E tt-> bb Iv v .
: 1 . 200 , 3
Wijets = Wijets = W+jets ]
.."21 Ll .

: -

SuU3 24 SuU3 150 SU3 =
ATLAS ATLAS 100, ATLAS 3
preliminary preliminary preliminary 3
50 3

[

. : e N
0 200 400 600 800 1000 12001400

{50150 200 250 300 350 400 450 5 -
ET™ [GeV] m, [GeV Myop [GEV]

Systematic uncertainties ~20%
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Conclusions

Federica Legger, "Physics at LHC" seminar



B
Background estimation in 0- and 1-

lepton mode

SUSY CSC notes 1-2

QCD jet smearing N

Semileptonic top (tau) hadronic tau decay § 8

Z->Vvv from Z ->Il (replacement + MC) _ g' g

Top+ W transverse mass (invariant mass of MET and o
lepton pt) method _

combined fit

Semileptonic top explicit Kinematic reconstruction and selection % ®
on top mass (top box method) - *g '8

Dileptonic top HT2 (=lepton pt + 2,3,4 leading jets pt) method i S

kinematic reconstruction
top redecay

QCD background in 1-lepton searches can be estimated by
studying lepton isolation (method from Tevatron)

Federica Legger, "Physics at LHC" seminar



B
Background estimation for multi-

leptons analysis

B OS 2-lepton & tau searches

MT method

HT2 method

Top redecay

Top kinematic reconstruction
®  SS 2-lepton searches

Lepton isolation

Federica Legger, "Physics at LHC" seminar



Outlook

®  Main SM backgrounds to SUSY searches are tt, W+jets, Z+jets, QCD events
" Several methods are being developed in ATLAS to estimate SM backgrounds
Complementary methods are necessary for such a crucial issue!!!

Stat. Syst SUSY
- n C
QCD 1 o/o 60°/o <1 o/o ..9 8
Q
Semileptonic top (tau) 6% 10-15% <1% @ g
Z -> vV 8-13% 10-15% <% | © _
Top + W 4-8% 15% 15% o0
o O
Semileptonic top 5% 22% <1% — g
Dileptonic top 10% 20% 0%  __| —

Assuming 1 b

B Presence of SUSY will affect background estimates, however SUSY excess will
be larger (even with 1fb-1)

® Data-driven estimation methods are necessary to keep background
under control and key to SUSY discovery

Federica Legger, "Physics at LHC" seminar
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- B 0-lepton mode ]
Semileptonic tt (with tau)

B |ndependent event reconstruction on hadronic and leptonic side

* Hadronic top: W (dijet combination with mass closest to PDG value) + closest b-
jet (in AR)

*Leptonic W: tau + MET (collinear approximation)

S -
S0t = SUSY
= E no lepton cuts
Statistic uncertainties ~6% g FT s
. o o i 2
Systematic uncertainties ~15% S sl T ~e ttbar cuts
e t
. - | .
g I .
T
Systematic variation Cross section variation (%) - ‘
Jet Energy Scale 2.5 i
b-tagging efficiency 7.5 10E ATLAS
light quark rejection in b-tag 1.3 E preliminary
7-1D efficiency 34 - ‘ ‘ \
light quark rejection in 7-ID 4.5 gl e Lo Loy Ll b o Ll IXA0
0 100 200 300 400 500 600 700 800

Missing ET (MeV/c)
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_ T-lepton mode I

] ] = LT eT N
Dileptonic tt: top &~ B
- Z I ATLAS — [N

o 800— preliminary [ ]wwmwzzzisingle- top—

redeca - - I:lSUBSignaI/w .
y 3 600 - ® [Estimate ]

"'CJ_ - N\ ax 2 2 E

B Dileptonic top selection S4 = ()™= \fMiop w3
« J45_xE50 jet + MET trigger 200 .

* 2 jets with pt > 20 GeV .

* 2 OS leptons pt > 20 GeV P50 100 150] 200 250 300 350 400 450 500

* MET < ¥ (pt(lepton1) + pt(lepton2)) Endpoint from decay: t » Wb ->Ivb m; (GeV)
* mass(lepton,jet) < 155 GeV (neglecting m,)
. > R L L LN IR I IEERNEREE LN RS
Solve system for p(v ) e T ]
© : B bboqlv 3
-~ I W-+iets ]
) ) . ) "o [ Ww/Wz/ZZ/single-top |
B Semileptonic top, W, Z contribution ::102 3 Zjets B}

. . . . ~ SU3 signal E
estimated from MET distribution from ¢ o i
events with MT < 100 GeV 2 ATLAS

S 10 preliminary

* hard MT cut (MT>150 GeV) — semi-
leptonic background is sub-dominant.

* events in Jacobian peak smeared with MC |

. . N . N . ZIIII s
function to simulate tail of MT distribution 0 50 100 150 200 250 300 350 400 450 500
me(LET*) (GeV)
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Object definition

Electrons

Pt > 10 GeV and |etal<2.5
Veto on events with an electron in the crack

(1.37<|eta|<2.5)

Calorimeter isolation in a cone (0.2) <10 GeV

Angular distance to closest jet > 0.4 (after

overlap removal)

Muons
Pt > 10 GeV and |eta|<2.5

Chi2 > 100

Calorimeter isolation in a cone (0.2) <10 GeV ®

Angular distance to closest jet > 0.4 (after

overlap removal)

Jets
* Pt>20GeV and |eta|<2.5

Electron/Jet overlap removal

* Jets matching an electron within
0.2 cone

Transverse sphericity: use all
jets with |eta|<2.5 and leptons

Effective mass: use 4 leading
jets with |etal|<2.5 and leptons

Federica Legger, "Physics at LHC" seminar



