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Motivation — why multilepton in SUSY?

B Depending on model of SUSY, x? & B Multilepton state should make the

3 SUSY signal stand out strongly from
most Standard Model backgorunds,
making the multilepton channel a
strong candidate for interesting
measurements

XJ?E potentially produced in abundance
in pp-collisions at the LHC

B | eptonic decay possible through either
gauge bosons or ¢, and potentially final
states with multiple leptons (>3 for our
purposes)

B See figure on slide for an example of
multilepton SUSY production

This analysis was made on the 2010 /s = 7 TeV pp-collision data collected by the
ATLAS detector between 30 March 2010 and 29 October 2010, representing an integrated
luminosity of 34 pb~! (£11%)

ATLAS-CONF-2011-039
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Event Selection in 2010 Data

Quality Cuts:

B Pass a good runs list based on quality criteria for ATLAS sub-detectors
B Primary Vertex must have >4 tracks associated with it

B (data only) Events are cut if they contain a 'bad jet' — energy mimicking jets
due to EM calorimeter noise, hadronic calorimeter spikes, cosmic-rays, and
beam background

B Cosmic Muons — Veto events with |Z{"| >10 mm
B Veto on events with electrons reconstructed in 1.37 < || < 1.52 due poor
instrumentation in transition region of Liquid Argon detector

Triggers:

B Single electron or muon triggers without pre-scaling

Signal Cuts:

At least 3 signal electrons & muons, with the leading two leptons pr > 20 GeV
Require at least 2 jets with pr > 50 GeV

]
B Veto events with [Mz — M+ ;- | <5 GeV to control Z backgrounds
B ES 550 GeV

(please see our note, ATLAS-CONF-2011-039 for detailed discussion including object

selection)
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Systematics

The following systematics have been considered in the analysis and
found to be dominant (% change in event count)

® Jet energy scale (~12%) B Pile-up (~20%)

B Electron energy scale (~20%)

B Electron energy resolution B MC cross-section uncertainty
(~10%) (~10%)

Other systematics examined but found not dominant were:

B Jet energy resolution B parton density function (PDF)

B muon energy resolution uncertainty

B muon energy scale

B |epton reconstruction B Effects due to inefficienct
efficiencies regions of the electromagnetic

B |epton trigger efficiencies calorimeter
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Lepton Quantities after N, >3
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Z+jets Bac und Estimati

) M., < 86.2 GeV
T T
For_ 2010 dat.a attempt‘ed t‘o use a_sndeband _method to % Evuon Chamel  ATLAS Work in Progress
estimate Z+jets contribution (which necessitated the O wly ) -
[Mz — M, | <5 GeV cut) = Ns=7TeV |Ldt=34pb
’ cData pMC aAMc g
DEst _ BData left (1) E :
left — Pleft | "AData BMC cmc b
left
10 {
Data MC MC H
pEst _ gData c= Dyight A @ 0 i
right — Pright \ "AData BMC cmc : il
right 104 ' PO
b % 70 0
86.2 GeV <M, <96.2 GeV
E T T T
& D, C D, E “EMuon Ch‘annel ATLAS Work in Progress-- pata 2010
left right = \s=7TeV ohe
8 &
>
S
o
0
2
Bleft A Bright
M, >96.2 GeV

T T T T T
Muon Channel ATLAS Work in Progress

86.2GeV  96.2GeV M. -
Ns=7TeV IL dt=34pb’
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electrons)
Determined that the uncertainty of the method would
only fall below 100% with over 120 pb_1 of data

Entries/10 GeV

B Below 50% after nearly 500 pb—1.

u Opted to continue to use MC till a better method
developed
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Results for 2010

Results for data and Standard Monte Carlo after the N; >3 Cut (no jet cuts,
[Mz — My ;| <5 GeV cut, or ET"** applied)

ATLAS Preliminary

[ Muliilep. events [ All I eee | eew | ey ] M |
tr 0.68+0.16 || 0.032+0.016 | 0.24+0.07 | 0.31+£0.08 | 0.096=0.030
Z backgrounds 15.6+1.3 3.8+0.8 1.60+£0.34 | 7.9+1.0 2.4+0.4
Other backgrounds || 0.28+0.13 0.02+0.14 0.03+£0.06 | 0.21+0.09 0.01+0.11
Total SM 16.6+1.3 3.8+0.8 1.9+0.4 8.4+1.0 2.5+0.4
Data | o | 2 | 1 | w | e

No events with 4 leptons above pr thresholds
10 events pass [Mz — M+ ;- | < 5 GeV cut, but fail jet cuts
3 events have EF*® > 50 GeV, but fail the jets or [Mz — M;; ;- | <5 GeV cut

No events pass all of our selection cuts; these cuts reduce the Standard Model
background to ~0.1 events

B 95% C.L. limit of 62 fb on cross-sectionxbranching ratiox acceptance of new
physics with 30+ jets +Ep"™*
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mSUGRA Exclusion

B Use common mSUGRA model B mo € (40,1160) GeV x my 5 €
constraints used to simplify to 5 (110, 340) GeV
parameters, mo, my /2, Ao, tanf, B Interpreted in mg — my /, plane
sign()

B Exclusions preformed using a

[ ]Dp0g.gu<0, 211"
-~ [ cDF §.d, tanp=5, 2 fb"

B Weusetan3=3,A=0pu>0 profile-likelihood ratio method laid out
at arXiv:1102.5290v1
MSUGRA/CMSSM: tanB = 3, A =0, >0 L™ =34 pb™, \5=7 TeV
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MSSM Phenomenological Grids

B 1st Phenomological Grid

B Based on MSSM 24 parameters,
without mass constraints of
mSUGRA

B LSP bino-like, ¥3 & Xi" wino-like

B 3rd generation scalers placed at high
mass, excluding them from
phenomonology ™

B m; placed in between LSP &
<0 ot . . .
Xz/X1 , increasing lepton signatures

2nd Phenomenological Grid

U Similar to first, but mj_ inceased

to higher mass
B Two modes:

) U Increases favorability of leptonic
0 Compressed spectrum, with

decays
heavier LSP U Reduced cross sectio
O Broad spectrum, with light ueed cn 1on
LSP~100 GeV B Both interpreted in mz — my plane
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MSSM Phenomenological Grids — Results
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Improvements for 2011 Analysis

Currently being prepared for SUSY11 Changes to object defs:
B Electron selection of pr >10 GeV due to better understanding of
electron scale and resolution systematics

B Jets expanded to |n| < 2.8 due to better understanding of
systematics in that region

Changes to event selection:

B Jet cuts no longer applied as default
B [Mz — M+ ;-| <5 GeV cut no longer applied as default

The changes to the event selection cuts are intended to give us
greater flexibility for differing SUSY scenarios by instead determining
control regions for looking for signals with or without strong jets, or
that include (or exclude) Zs in SUSY decays, or with larger numbers
of leptons than the default >3 lepton cut

———tEEEE



General Gauge Mediation Models

B Example of SUSY where the SM gauge interactions cause
supersymmetry breaking

B Lack of hierarchy between colored & non-colored states giving way
to large cross-sections

B [nterested in two simple examples — both have gravitino for LSP
O Higgsino Grid — NLSP is H-like and decays to vG or ZG (available)
0 Wino Grid — Co-NLSPs are Wino-like (charged and neutral) and

decays to WG or ZG (under production)

B Both scenarios give rise to decays through Z that can result in
Z — £7¢~, making the multilepton channel a promising avenue to
examining this theory
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Higgsino Grid — Early Studies — EWss

B Require N; > 3, pr ¢ > 10 GeV
B Other selections match
updated to 2011 analysis
B Top plot requires one
(and only one)
Z determined by
|MZ — M/+7/—| <10 GeV
B Bottom plot requires two
(and only two) Zs
determined by

T T
ATLAS Work in Progress
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Higgsino Grid — Early Studies — Significance

® Require N; > 3, pr¢ > 10 GeV
B Other selections match updated to 2011 analysis

B Plot on next slide requires one (and only one) Z determined by
|MZ - M/+7/7| <10 GeV

B Plot on slide following next requires two (and only two) Zs
determined by |[Mz — M ;- | <10 GeV

B Both plots require EXs >50 GeV
® Significance, Zj, = \/2((5 + B)In[1+ %] -5)

B Preliminary results quite promising
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Higgsino Grid — Early Studies — Significance
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o

ATLAS Work in Progress
5=7TeV J-Ldt= 1"

500
400
300

200

N WA OO N O ©

100

100 200 300 400 500 600 _ 700
M, [GeV]

o

Calculation limited to statistical significance at this juncture — no systematics

Requiring Nz ==1

16 of 19



Higgsino Grid — Early Studies — Significance
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Z+jets Background Estimation

For 2011, developing matrix method:
B Tag dilepton events with Z-candle and use matrix method to estimate 3rd
lepton from QCD component

B Use isolation as efficiency variable (loose leptons = no isolation, tight =
isolated)

B Nigose = New + Nocp, Niso = eew New + €gepNocp
B Results in NQCD — Nnon—iso—(1/€ew —1) Niso

iso 1/eew+1/eqep
B For QCD, use control region based on jet trigger, EX** < 10 GeV and cuts
against Z & W

B For EW, use tag & probe method from Z — £14~ in EI* < 10 GeV region
B Events with two tight leptons forming Z-candidates in EX*° signal region are
used for final estimate, applying matrix method to loose leptons in event

B Allows removal of Z-veto, which allows for SUSY scenarios where decays
proceed through Z
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Conclusion

B 2010 run produced no events passing our full selection

B Limits set for mMSUGRA are in agreement with those observed at
other experiments

B Additional limits set for less constrained MSSM models

B Analysis group making changes for 2011 summer analysis to
improve flexibility and scope

B |nvestigating additional SUSY models for 2011

B Improving background estimation
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Object Selection in 2010 Data

B Electrons
U pr > 20 GeV inefficient regions of ATLAS
U |ngl < 2.47
U Various quality cuts based on shower 0 MC events re-scaled to match
shape, inner detector hits, and efficiency seen in data
B Muons
U pr > 10 GeV U Muons must be combined from inner
O |y < 2.4 detector and muon spectromer tracks

or from an inner detector track paired
with muon spectrometer hits or
calorimeter energy

U Quality cuts on ID hits and ID/MS
agreement

B Jets

0 Reconstructed with anti-k7 algorithm U pr > 20 GeV
using AR = 0.4 cone size
U MC-optimized jet-energy scale applied [ |n| < 2.5
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Object Selection in 2010 Data (continued...)

Overlap

O Remove jets within AR < 0.2 of electron

O Then remove muons & electrons within AR < 0.4 of jet

O In case of AR, e < 0.1 remove both electron & muon to eleminate muons
undergoing bremsstrahlung

After overlap — lepton isolation

0 Signal Electrons — Calorimeter isolation: X E7 in cone

(An)? + (A¢)? < 0.2 divided by pr of the electron required to be less

than 0.15 (after overlap removal)

O Signal Muons — The sum of track pr > 1 GeV within
AR = /(An)?2 + (A¢)? < 0.2 of the muon must be < 1.8 GeV

Drell-Yan — Remove charged lepton pairs M;; ;- < 20 GeV
E%niss _, Emiss _ pmiss,e + Emlss,Jets + Emlss,cl + s,

x(y) x(y) x(y) x(y) x(y)
ad E:(’}',S)S’e built from electrons passing reconstruction quality cuts and
pr >10 GeV

o E;'(“;S)S‘jets built from jets with pr >20 GeV and jet-energy scale applied

o E;'(“;S)s‘d built from all EM-scale topoclusters not associated with an electron

or jet
ad E:(’}',S)S’“ built from all muons without isolation requirements applied
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Backup - Jet Cleani

Quality cuts based on anti-k7(R = 0.4) algorithm jets. For jets with p?r""scals > 10GeV, if:

u HEC Noise Bursts, event rejected if:

jet,HEC et
LEJ'T > 0.8 AND Negjis( Y Eceyy >= 0.9E/") < 6
Neells
jet,LAr
et HEC Z Ecell
Elet, problem cells _
OR e > 0.5 AND | Fiet, LA | >=0.8
B EM Noise Bursts, event rejected if:
Ejet,LAr
Z cell et LA
et,LAr
| roblem cell | >=0.8 AND B0 >— 0.05

B Cosmics-Beam background:
|tJet _ t;\:gntl > 25 ns
Ejet,LAr
OR e < 0.05
gt )
OR [nje| < 2 AND —mz:samplingloer -, g9
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Backup - 2010 Monte Carlo

Below is the Monte Carlo used in the 2010 analysis including generator used, NLO cross-sections (including filter
efficiencies and k-factors, LO for DiJet QCD), and the integrated luminosity each sample represents

| Process | Generator | o [pb] | J Ldt [ 1] |
Su4 Herwig++ 59.95 0.8
mSGpt Herwig++ 24.74 0.4
PGptl Herwig++ 6.19 1.6
PGpt2 Herwig++ 6.19 1.6
tt MC NLO 89.40 8.6
zz Herwig 1.27 197.4
zw Herwig 5.55 45.0
ww Herwig 17.44 14.3

QCD dijet samples generated by Pythia, with LO cross-section

Process | pr slice [GeV] | o [pb] | J Ldt [ b1
10 8-17 9.75x10° 1.44x10~ 7
n 17-35 6.73x 108 2.1x107°
12 35-70 4.12x107 3.4x107°
13 70-140 2.19%10° 6.4x10~*%
J4 140-280 8.78x 10% 1.6x1072
J5 280-560 2.23%103 0.6
J6 560-1120 33.85 39.8

BBbar - 2.02x10% 0.1

CCbar - 1.60x 10° 0.2

For 2011, the Higgsino grid was produced using pythia
Also added MC NLO single top MC
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Below is the Monte Carlo used in the 2010 analysis for W /Z + jets, Wbb, Zbb & Drell-Yan channels

Process | o [pb] | J Ldt [ 1] || Process | o [pb] | J Ldt [ 1] |
6%Z+jets (£2+Np0) 830.13 0.4 6*W+jets (¢v+Np0) 8288.15 0.2
(6+Np1) 166.24 0.4 (ev+Np1) | 1550.14 0.2
(£0+Np2) 50.28 04 (ev+Np2) 452.00 0.4
(€6+Np3) 13.92 0.4 (ev+Np3) 120.97 0.4
(€£+Np4) 3.62 0.4 (€v+Npa) 30.33 0.4
(¢£+Nps) 0.94 05 (£v+Np5) 8.27 0.4
4% Zbb {eetNp0) 652 3.0 3% Zbb (M) 6.53 23.0
(ee+Np1) 2.25 445 (up+Npl) 2.47 40.5
(ee+Np2) 0.88 45.4 (up+Np2) 0.88 453
(ee+Np3) 0.39 25.7 (up+Np3) 0.39 25.9
4% Zbb (77 +Np0) 653 23.0 T*Whb (W+Np0) 3.90 17
(r7+Np1) 248 40.3 (W+Np1) 317 1.7
(r7+Np2) 0.88 453 (W+Np2) 171 1.8
(r7+Np3) 0.39 25.6 (W+Np3) 073 2.0
6*Drell-Yan (ee+Np0) 3054.70 0.3 6*Drell-Yan (ppe+Np0) 3054.90 0.3
(ee+Np1) 84.91 35 (up+Np1) 84.78 35
(ee+Np2) 41.19 121 (pup+Np2) 41.13 12.1
(ee+Np3) 8.35 17.9 (pupe+Np3) 8.34 17.9
(ee+Np4) 1.85 21.6 (pp+Np4) 1.87 21.4
(ee+Np5) 0.46 21.7 (ppr+Np5) 0.46 21.7
6*Drell-Yan (77+Np0) 3054.80 0.3
(77+Np1) 84.88 35
(7 +Np2) 41.28 121
(T7+Np3) 8.35 17.9
(r7+Np4) 1.83 21.9
(r7+Np5) 0.46 21.7
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The Interesting Event

B Run: 165591, Event: 15545300

B 3 |eptons, Pﬁ_ =209.8 GeV, Pe; = 49.6 GeV, P¢+ =16.5 GeV
B = (—2.07,1.48,2.46), n = (—0.73,—2.01, —0.24)

item1 jet, pi* = 75.1 GeV

Lead muon pt isolation (6R = .2) = 0 GeV

Lead muon energy isolation (§R = .2) = 2.8 GeV

Lead muon %2 . ,/DOF = 3.03/5

Lead muon pt resolution = 3.8%

Lead Muon Pixel hits = 3

Lead Muon SCT hits = 10

Lead muon TRT hits = 24

Lead Muon MDT hits = 14

plD,,, = 299.7 GeV, pM3,, = 219.6 GeV

Track p = 268.6 GeV

Z&PV = 0.087 mm

dp = -0.35 mm

Emiss — 170.7 GeV, Simp SigE%niss = 25.8, ngEr}niss = 63.9, ¢E¥iss =1.28

Using Simp 5igEmess = ERiss /Y Bt and Sig,:-%,iSS = E{Piss/w/zfil 02 cos?(A¢;)

Channels with negligible EEF‘SS (e.g., Z+jets) typically display Er}“iss—signiciance <10
for either measure
u AQSETmiss’/o =3.35
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Now where do | get the resolutions?
Electron/Cluster Resolution — oz /E = s/VE @ ¢ B et Resolution — Using JERPRovider tool from
JetEtMissWG

(similar to systematic);

O sampling term 20%

O constant term 100% for 0 < In| < 1.4
O constant term 400% for 1.4 < |n| < 2.5

Show cosmics rusult for example only; used latest numbers for ID & MS res

o+ 02
= 018

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

ok

B Muon Resolution — cannibalizing muon smearing

tool provided by MuonWG guided by
ATLAS-COM-CONF-2011-003 &
CERN-PH-EP-2010-070

ATLAS

L]
[ ]
A

Used ID resolution
below 50 GeV

2009 cosmic-ray data

Muon Spectrometer

Inner Detector

Combined Muon

Combined Muon fit 1o area

Use MS

Made a simple linear extrapolation
between the two

resolution
above 150 GeV

10
Frem: arXiv:1011,6665 ; CERN-PH-EP-2010-070

"Studies of the performance of the ATLAS detector using cosmic-ray muons"
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No Z Significance

10

ATLAS Work in Progress
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Calculation limited to statistical significance at this juncture — no systematics

Requiring Nz == 2
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