Estimation of SM backgrounds to SUSY search in

the 1-lepton+jets+E™sS channel

Jeanette Lorenz
on behalf of the ATLAS collaboration

Fakultat far Physik
Ludwig-Maximilians-Universitat Minchen

17.03.2011
Rencontres de Moriond - Young Scientists Forum

A<\ A

T

LUDWIG- A L

LMU| s s

Jeanette Lorenz (LMU) SM background to SUSY search 17.03.2011



Typical SUSY signature

@ gluinos and squarks from quark/gluon interaction
@ decay into jets, leptons and LSP (= Lightest Supersymmetric Particle)

@ LSP escapes detector (LSP is neutral, weakly interacting and stable in
R-parity conserving models) '
= Missing Transverse Energy (E7"°)

@ Typical SUSY signature: jets + leptons + E?"SS
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Main backgrounds in the 1-lepton channel

A typical SM background event has multiple jets, a (fake) lepton and E?"SS

@ tt pairs with semi-leptonic or
fully-leptonic decay topology
Most important background in 1-lepton
channel

@ W+jets with lepton from W — v

e QCD
(heavy flavor decays, conversions, hadrons,
jets misidentified as an isolated lepton)
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SUSY selection cuts in 1-lepton + 3 jets channel

Definition of the channel
0 One isolated lepton with pr > 20 GeV
@ 3jets with p/@@M9 % 60 GeV, "™t - 30 GeV

Background reduction

Q 2¢(jet, EMss) > 0.2 g amias .7 aauf‘”ﬂ“d e 1

Q Erss > 125 Gev g Jua-m =i .

© M7 > 100 GeV with L‘ﬁ e s0om. 204

Mr = /2 ph - EPS (1 —cos (A(1, EF?))) 1

Q@ EI'ss > 0.25Mgy with Mgy = ply + ESS 45 p! E

SUSY mass scale = f _,
@ M. > 500 GeV § hae .,ﬁﬂJ
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_ my [GeV]
o W+jets BG iS Sma”er than tt BG M distribution after lepton and jet cuts

because of My cut

@ QCD BG small by construction of
SUSY signal selection cuts
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Top and W+jets background

Estimate the background in the SUSY signal region with the help of
background dominated control regions

Definition of W and top control region

S 180 3
O, 160F E
@ Lepton cuts and jet cuts, Ao(jet, E’T”’SS) > 0.2as ¥ af Z.Eﬁﬁw 1
in SUSY signal selection cuts 120 tsing-MC E
@ 30 GeV < EMss < 80 GeV, il I E
40 GeV < Mr < 80 GeV o s | xmene, 3
@ Separate top background from W background: “F — < 1-Normalize -
o ) 2ob on | oot No data E

) Top background: > 1 b-jet in three leading ook e L
jets (T R) ET [GeV]

@ W background: No b-jet (W R)

v

Top or W BG is measured in control region and extrapolated to signal region - for example top
BG:

N(fi(MC), SR)

N(ftpred., SR) =  (N(fitted fi(data), CR)) N(EMO) CR)
S—— ’
— —

predicted events in signal region measured events in control region - other BG
extrapolation factor CR to SR
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Validation of W/top background estimation techniques

with Mg« distributions (muon channel)

M, distribution in W R Mgy distribution in T R
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Data and Monte Carlo show good agreement.
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QCD background estimation in the signal region

Matrix method

@ Isolation criteria for the lepton are relaxed = loose control sample (common
SUSY selection cuts called tight)

@ Events in signal/loose control sample are split into two categories: not QCD
events = real, and QCD events = fake

obs real fake
Night = Niight + Niight

b. / ! fak fak
N/gosse not tight (1/ real 1)N[l;s‘fa7t + ( / e — 1)Nti‘2hi

@ QCD eventsin S R:

obs real obs
Nfake _ Nigose not tight — (1/e°% = 1)N; tight

tight — 1/efake — 1 /real
electron channel muon channel
¢ is taken from MC: € ~09-1.0
€€ is measured in Q R: ’a"e ~0.2-03

Estimated QCD BG in signal region: ~ Ni92 < 0.3 events N9 < 0.5 events
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A summary: SUSY exclusions plot (35 pb~1)

o MSUGRA/CMSSM: tanf = 3, A = 0, u>0

= 400 P e e e e
8 ATLAS L™ = 35 pb™, V=7 TeV —— Observed limit 95% CL|
'_é 1 lepton, 3 jets - - -- Median expected limit 7|
g 350 o Expected limit £16

—— CMSjets (), 35 pb’'

All information (background ——

estimation results, data, = el Mo
extrapolation factor from W/T R

250 =T
to signal region, systematics) is
put into a profile likelihood ratio 200 §
test — SUSY exclusion plot in

1-lepton channel 150

100 200 300 400 500 600 700 800 900
m, [GeV]

channel | observed events | sum fitted BG events | fitted top fited WZ  fitted QCD
muon 1 225+ 0.94 176 £0.67 049+036 00733
electron 1 1.81+£0.75 1.34£052 0.47+040  0.0%93

Publication of SUSY search results in 1-lepton channel:
Search for supersymmetry using final states with one lepton, jets, and missing transverse momentum with the ATLAS detector in
\/s = 7 TeV pp collisions (arXiv:1102.2357v2 [hep-ex], accepted by PRL)
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Back-up
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Signal selection cuts in the 1-lepton + 3 jets channel

T T
 Data 2016 N5 =7 TeV]
10°E ATLAS = Standard Model F
uiets

Entries

A
Béngle top
EEDibosons
++==MSUGRA m,=360 m,

Muon Channel

=
E
Definition of the channel A
1 2 3 4 5 6 7 8 9 ] 10
@ One isolated lepton with pr > 20 GeV Namber o ;30 GeV ji
(additional requirement for plots: 8 ommt et
£ ]

EMiss > 80 GeV)
Iid

S sc0m 2

Electron Channel

Data/SM
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Signal selection cuts in the 1-lepton + 3 jets channel

e Data 2010 Ns - 7 ToV]
ATLAS * Data ’déf oV)

de|~ 35p5"

Entries / 10 GeV

Definition of the channel S WA
@ One isolated lepton with pr > 20 GeV T o).
@ 3jets with p/@@™9 %" 60 GeV,

Pl 30 Gev

T
ATLAS glaa‘:dzﬂrém\r 7TV E

J‘L dt~ 35pb" o
-smg\e op
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ISR m <560 m, 250
Tlepton: e,

‘ n
- - !
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g o T
8 =it
50 100 150 200 250 300 350 400 450 500
my [GeV]

Jeanette Lorenz SM background to SUSY search 17.03.2011 11/8



Signal selection cuts in the 1-lepton + 3 jets channel

S C B 5 B

s = g

g1eoo-aras - Comminsa 7

= Lo EMSUGRA m,=360 m, ,=280

12007, .2 ."°. MuonChannel ]

Definition of the channel 10005 ]
@ One isolated lepton with pr > 20 GeV 800l 1
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Systematic uncertainties on background estimation -

most important contributions

@ Monte Carlo modeling of the shapes of the EIS and My
distributions in control and signal regions
Determined by comparing different Monte Carlo generators and
by varying the internal generator parameters

@ Finite statistics in control regions

@ Experimental uncertainties
Most important: jet energy scale uncertainty , b-tagging
uncertainty, uncertainty on luminosity
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Validation of the fit results in extra control regions

ATLAS ATLAS ATLAS
I Electron Channel I Electron Channel M Electron Channel
[ Muon Channel [ Muon Channel [ Muon Channel
T
XRQCD(1) XRQCD(1) +m_ cut XR QCD(1) + btag
XRQCD(2) XRQCD(2) + m_ cut XRQCD(2) + b-tag
XRW XRW + myy cut XRW. biag
XATop XRTop +m_ cut XRTop +botag
XR Top dilep XR'Top dilep +m _ cut XR Top dilep + b-tag
XRWTop XRWTop+m_ cut XA WTop + briag
XRhighm XRhighm__+m, cut XRhighm_+ biag
| YTFY P PP PRSPPSO e P P T Lonbuudunl Luuluul, L Lol
25 2 451 050 05 1 15 2 25 25245105005 1 152 25 25245105005 1 152 25
g~ M) g M) (g e

The number of observed events is compared with the number of predicted events (by a nominal background fit) in additional
control regions (XR). o is the quadratic sum of the extrapolated fit uncertainty and the statistical uncertainty of data and Monte
Carlo in each XR control region. Left: No further requirements, middle: an additional cut on Mg > 500 GeV, right: at least one
b-jet had to be identified in addition to the left plot.
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Results in 1-lepton channel detailed

Electron channel Signal region Top region W region QCD region
Observed events 1 80 202 1464
Fitted top events 1.34 4052 (1.29) 65+ 12 (63) 324+ 16 (31) 40 £11
Fitted W/Z events 0.47 % 0.40 (0.46) 11.24+4.6 (10.2) 161 4 27 (146) 170 4+ 34
Fitted QCD events 0.0+03 37£7.6 9£20 1254 + 51
Fitted sum of background events 1.81+0.75 80+9 202+ 14 1464 & 38
Muon channel Signal region Top region W region QCD region
Observed events 1 93 165 346
Fitted top events 1.76 4 0.67 (1.39) 85 11 (67) 42419 (33) 50 £ 10
Fitted W/Z events 0.49 £ 0.36 (0.71) 77433 (11.6) 120 £ 26 (166) 71416
Fitted QCD events 00195 0.3+1.2 3+12 225 + 22
Fitted sum of background events 2.25 +£0.94 93 £10 165 £13 346 £ 19
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SUSY exclusion plot (large)

MSUGRA/CMSSM: tanf = 3, A = 0, u>0
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