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Signal rates for Higgs Boson Production
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“ VBF searches: H>2 photons, H> 2 1, H>WW-> 2(I+v )

" VBF important contribution to the discovery potential

" VBF key ingredient for investigation of Higgs profile (couplings, CP, ...)
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Signature of Vector Boson Fusion

msignature:
- 2 forward tag jets in opposite
hemishperes with rapidity gap
- Higgs decay products in central
detector between tag jets
- no additional jets due to
— LT no colour flow in t channel
Vel":.“: v, o - WW, t1: missing transverse
2 energy due to neutrinos
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Tagging of Forward Jets in VBF (H2>71t 14 TeV study)
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jet reconstruction: (at CSC times cone R=0.4 now anti-kt R=0.4)

- high efficiency for tagging jets up to pseudorapidty of 4.8 (1 degree)
- fake rate only few %

- currently moderate sensitivity to pileup observed

(depending on noise suppression tool, cluster and jet algo used)



Detector Performance from Collision Data 2010

jet energy scale
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Z — ,cf,cﬁ + 3 jets

Run Number 158466, Event Number 4174272
Date: 2010-07-02 17:49:13 CEST




Z + Jets Production (shown Z->ee)

after background subtraction and unfolding (jet pt>ZOGeV)
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good description by MC generators

with matching of matrix element and
parton shower at leading order

higher precision needed to
discrimniate quality of description

similar results for W+jets



H->yy: 14 TeV MC Study (CSC Book)

® inclusive analysis:
2 photons, pt >40 and 25 GeV
mass window: M,+-1,4 sy

Signal Process  Cross-section (fb) | Background Process  Cross-section (fb)
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® backgrounds:

irreducible: vj, jj, Z=>ee
reducible: vy

M signal to background ratio: 1 to 38

significance with 10fb-": 2.4

W background from sidebands
fit exponential with nuisance
parameters: slope and norm.

W signal: crystal ball + gaussian

W using more information pt(Higgs)
etc. increase significance by 50%



H->yy: 14 TeV MC Study (CSC Book)

W VBF analysis: g _
- 2 photons, pt >50 (25) GeV } _
B

MC 14 TeV/ E=!meaucivie bkg

- 2 jets,pt>40 (20) GeV with Reducible bkg

N1M»<0, An>3.6
- photons btw. tagging jets
- m;>500 GeV
- veto on additional jet with
pt>20GeV and |n|<3-2 e ————
- mass window: My+- 2GeV N B R e

o e S
a 145 150
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W accepted signal: GGF: 0.18 fb  VBF: 0.79fb
accepted background: 1.95fb (yy: 0.86fb, vj:0.42fb, jj:0.06fb, yyjj(EW): 0.59fb)
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observation significance with 10fb-: 2.0
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H-> WW-Ivlv with 35 pb1 at 7 TeV

W signal production via gluon fusion (MC@NLO) and VBF (SHERPA) considered
W backgrounds: diboson qgbar,gg2>WW,ZZWZ, W+jets, Z+jets, ttbar, single top

W preselection:

- 2 pleptons (e,u), pt >20(15) GeV - M, >15, [M,-MII|>10GeV (ee,up)
- MET>30 GeV: eu (ee,upn) - Ad, <1.3 (1.8) My<170 (>=170GeV)
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H->WW-=>Ivlv: Branching in Jet Multiplicites

B branch analysis in 0, 1and 2 jets dijet events in data:
- jets reconstructed with anti-kt no 2 add. jets with pt>

ets 20 GeV
R=0.4 algorithm, pt>25 GeV, |n|<4.5 o T

T —— =

w.r.t. bin 1

- associated to primary vertex PV : 0.095F _‘_:+_+_ E
by requiring fraction of momentum from % 0.99F —— T
tracks from PV to total jet track §o.0ssf 4 3
momentum> 0.75 (for jets [n|<2.1) % 098 —f— nocuton JVF —

éu_gmi_ —4— after cut JVF>07 —t _

. . . U.Q?;ﬂ" TLAS Preliminary B
® uncertainty on fraction of signal events I D T T

0 jet: 10% 1 jet: 6% 2 Jet35% Number of reconstructed vertices
evaluated by variation of renorm., factor. scales, PDFs, o in HNNLO

® acpipnal cuts foirme < 50 GeVltiplicity branch:

Ojet: <30 GeV

1jet: veto on b-jet , Pt = P! + P2+ P"jT + P <30GeV, Z-> 1t veto, Mmee < 50 GeV

2 jet: veto on b-jet, PE'(2) = P! + P2 + P + Pf + PIs <30 GeV, Z-> 11 veto, mu. <80GeV
plus VBF cuts: m;>500GeV, An,>3.8, no 3rd central jet pt>25 GeV |n|<3.2




Distributions and cut flow in 2 jet analyis
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H>WW-Ivlv : Selection Results

H+O0 jets: H+1jet: H+2 jets:
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Background Estimate from Data

M create control region CR for each individual background contribution
M extrapolate BG from CR to signal region SR with a factor obtained from MC
M pollution in control region constrained from other control regions via 3 factor from MC
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M consider exp. uncertainties ( E scale and resolution, tagging efficiencies, ...)
and theo. uncertainties (variation of renormalisation scales, ...)
as systematic uncertainty on oo and 3 factors




First ATLAS Result in Higgs Boson Searches

Limit calculation based on profile likelihood with 16% power constraint

Power contraint: if observed < expected -1 ¢ then quote expected — 1 ¢
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Cross section limits:
54 (11,71) pb at M,=120 (160,200) GeV
Contribution from VBF marginal excluded at My = 160 GeV

1.2 x SM cross section



H->WW MC: Sensitivity at 10 and 7 TeV

Limit calculation based on CLg method as used at LEP and TEVATRON
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H->WW-evuv: jet veto using track jets (14 TeV MC Study)

® minimise influence of pile-up by using track jets associated to primary vertex
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W survival probability for jet veto (AR=0.5, cone): calo jets pt>20GeV |n|<4.8,
track jets >12.3 GeV |n|<2.5

H—WWw 17
no pile-up  with pile-up | no pile-up  with pile-up
std jets (] <2.5) | 72.0£1.0 63.0+1.2 | 28.6+34 19.7+33
track jets 720+1.0 735=1.1 | 28634 259+36
stdjets (|| <3.2) | 654+1.0 57.0+1.2 | 240432 16.3+3.0
combination 65.8+1.0 659+1.1 |240£32 23.14£35




Weak vector boson fusion H>tt (14 teV MC Study)

kinematics, colour flow, ... mass reconstruction




Central Jet Veto

D. Zeppenfeld et al., Phys.Rev.D54 (1996)6680
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W different color flow in EW and QCD processes
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W radiation in signal close to tagging jets = rapidity gap
QCD background (Z+jets,tt): additional central jets likely

—> veto on additional jet with P>20 GeV and |n| <3.2 (ATLAS)
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influence of pile up significant 2> use of tracking information under investigation



Mass Reconstruction: 14 TeV MC Study

in collinear approximation "L B L B I IR
: . &14 ATLAS .
despite four neutrinos . -
212 VBF H(120)—1t—lh 3

\Js=14TeV, 30fb'

% 80 100 120 140 160 180
m,. (GeV)

mass resolution o /M ~ 9 % dominated by missing transverse energy
- 40% contrinbution of it from approximation
- w/ pile up: 30% worse in 14 TeV MC study

Higgs boson on tail of Z peak mass resolution
- no easy sideband method
- more sophisticated method for background estimation needed




use jjZ->upu to model jjZ->tt—> X as they have same topology
Z->ppu: signal free and high purity control sample selectable

apart from p and t=>X energy deposits same detector response
(including pileup, underlying event, noise, ...)

# Ereignisse/4 GeV

SR i i I

— Signal + Untergrund
— Z-pugew.

7t +dv

- a

J +

I i 1 L MBS S
20 4 60 80 100 120 140 160 180 200
M. in GeV

Methodology:
1) select Z->up event in collision data

hybrid Z-TTr—eh + jets event

2) use 4-momenta of u as input for t decays
3) simulate Z->1t—> XY decay
4) replace cones around p in data event
by cones in simulated Z->tt decay
on calorimeter cell level
- ,embedding”
5) re-reconstruct merged hybrid event
6) apply standard selection

M. Schumacher VBF Higgs boson searches with ATLAS: Challenges and Prospects

Oxford, 23.2.2011




Background Estimation from Data: Z->tt (MC study)

B mass distributions after embedding
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- works for all tau lepton decay modes
- shape: prediction with better than 10% accuracy
- normalisation: i) from sideband
i) nuisance parameter in statistics machinery
i) theory prediction or measured Z->1l cross section



Daten Driven Estimate for H>1t 2 | had (Data)

W selection: 1 electron or muon pt>15 GeV 1 tau candidate pt>20 GeV
MET>20 GeV my = \/Eplf"E!r"m(l —cosAg) <30GeV

B comparison of MC expectation and observed event yield

Electron channel Muon channel
Missing Et  Transverse mass Missing ET  Transverse mass 18
QCDjets 2010 0.7520.57 21204 1.620.3 D [k ijt alchamels 4 o
W+jets 10.34+0.12 0.45+0.02 12.0£0.1 0.48=0.02 g 16 I 120 s, Engd0
Z — tr+jets  0.58=0.02 048£0.02  0.67+0.02 0.560.02 « ot R Z1-+vs

Others  05620.01  0.06120.004 0812002  0.110.01 o 140 E— E
Total 13.51.0 1.70.6 15.6+0.4 2.8+0.3 B qof TSP o ]
Observed 2 3 17 7 T NN e s :
10 -
_ _ _ - \a=TTeV, J L=0.31ph" ]
QCD jet expectation normalised to 8f .

MET<15 GeV control region 6F

f:

W agreement between MC prediction and data

> nevertheles aim for data driven BG estimate %20 40 60 80 100120 140160180200

(OS versus SS tau + lepton candidates) M;; visible [GeV]



Daten Driven Estimate for H>tt =2 | had.

W assumptions:

shape of visible mass distribution is the same for OS and SS events
ratio r between OS and SS events is the same in signal and control region

B number of events in signal region (OS) can be expressed like:

QCD Wﬂets

other
nps(Myis) = rQep - Ngg (myis) + FW+jets * Hgg (Myis) + Fother * g

(1yis)

B define k as the deviation from r = 1 yields:

”W+jets nthger
_ 0S i _
FWijets = W+_]ets =1+ kWﬂets Fother = other = 1 + kother
SS S8
QCD W+_]ets other W+]ets ather
nos(myis) = F'QCD " gq (mws)+ (m ws)"‘”gs (mvis)+kW+jets g (Myis) + Kother - “Hgg (myis)

® finally one gets:

W"‘F-ts other

_ o all .
nos(myis) = ﬂgg(mvis) + kW+jets g (Myis) + Kother "Hgg (myis) Assuming rQCp = 1

obtained from data data MC MC



Determination of rqcp

M missing transverse energy MET for OS and SS events after had. tau cut :

-
n
o
M
o

[ It +jets allchannels _4 4o

It +jets allchannels _4 45
Same Sign B ~(120VHh o, tanf=40

Opposite Sign A120¥Hh —1, tanf=40  _|

3 3

3, t ¢ T

— 100+ T Z(—srrjdats — — 100} ) Z(—r)dots

g : Others % : Others

= - ATLAS Preliminary =~ EEE8 Welets = - ATLAS Preliminary ~ EE58 Wedets

E 80 B OCD jets € 80 B ocDjeis

w - S MG statistics T - AR SN MG statistics
60 -

\s=7T ev,j L=0.31pb’ 60 \s=7T e‘v’,J. L=0.31pb

40

I I [~ |
N T S I N N U N N N A N N N |

50 60 70 8O 90 100 % 10 20 30 40 50 60 70 83 80 100
Missing Transverse Energy [GeV] Missing Transverse Energy [GeV]

40
20
%

® QCD control region missing transverse energy MET < 15 GeV (signal >20 GeV)
data: OS 139 SS 125 > r,4=1.11+-0.14
- use rqocp=1.00+-0.11+-0.14



Determination of ry,, (Kww)

M transverse mass for OS and SS events after MET cut :

16 T T T T T T T T T T T 1T T T T T T T T 16 T T T T T T T T T T T T T T T T T T T T
E LIt + Jets al’l channels + dml | | i E Lo+ ]ets a‘l channels + datal | | N
- - A(120WH/h —17, tanf=40 ] - I ~120VHh—or, tanf=40
E 14 n Opposite Sign L e . E 14 B Same Sign 2 eers ]
; | Others N T . Others N
L] 12: ATLAS Preliminary 2 WJais . % 12 - ATLAS Preliminary ~ EEE Wets .
= C EEZE ocDjets 7 = C B QcD jots 7
:ﬁ 10 WY MC statistics — Lﬁ 10— WS MC statistics —
- _ B _
8k \|'§=?TeU,j L=0.31pb 8k \J§=?Tev,j L=0.31pb
61 - 6 -
4F . 4t .
2 = 2H - .
............................ S M I - R ke ks :

20 40 60 80 120 140 % 20 40 60 1 00 120 140
M; [GeV] My [GeV]

®m W control region M;>50GeV (signal region<30GeV)
data: OS 15 (1.1 non WW BG from MC) 8 (0.5 non WW BG from MC)

T 4 other,mt req.
08, data ~ "'OS,MC

L S other,mT req.
SS data SS.MC

kW+jets = I'Wejets — 1= — 1 =0.85 £ 0.87 (stat.)



Result of BG Estimation

Entries / 20GeV

18
16
14

12
10

Data driven

MMMV AR
— I #i120VHih s, tenfe40]
C . Z{—rels(05- 55)
__ATLASPrellmlnaryr Em 05 559 E
N ] Wajets Acadn .
C Same Sign ]
- s :
- # ]
- 7 \E:?Te‘u',_[ L=0.31pb ' 7
o s ]
20 40 60 80 100120140160180200
M. visible [GeV]
ijet nSSW+jet - 76+' 78
kother Nother = 1.9+-0.5
sum: =25 +-9

Entries / 20GeV

18
16
14

12
10

MC prediction

ATLAS Preliminary

observation:

Ik, + jets all channels 'y g

I 120 Hn o, EnfedD
B Z(—r-Mais
Othars
R W dets
EEER oco et

P MG statistics

'~J§=?TE‘I|I',J L=0.31pb

ol bl a v byt by g b o sal oo

200
M. visible [GeV]

29



Uncertainty on Signal Efficiency (14 TeV MC study)

B dominant experimental systematic uncertainty: jet energy scale

jet energy scale”

+7% (0| <3.2)
+15% (0| >3.2)

seems ATLAS can do better than that

‘ +lﬁ%/‘_2ﬂ%

W parton level uncertainties and parton-shower and underlying event model

Source Relative uncertainty | Effect on signal efficiency
PDF uncertanties +3.5% +3.5%

scale dependence on cross-section +3% + 3%

scale dependence CIV efficiency + 1% + 1%
parton-shower and underlying event + <10% + <10%

total summed in quadrature + < 10%

10% indicate our belive that we will achieve this precision after tuning

and using better simulation tools for signal
(in 2008 comparsion of HERWIG, PYTHIA, SHERPA indicate 40% uncertainty)
- determination of CJV survival probabilty from data appreciated



VBF H->1t Sensitivity at 14 and 7 TeV

-'E‘:lﬂ 4 T T T LI | T T I : E_ 2 U T T T T T[T 17T 7
Q 9F ATLAS 3 218 B
S sE \Js =14 TeVv, 30 5’ 3 S b s 4
£ e —channe 3 gL " ]
srfg Ih-channel 3 Q.4 7 -
(75 sE combined E L c = ]
B F é S o -
i 5 3 : E’o\o 1 %ﬂ - — — " !;
G 4E E o8sfF - =
F ] Q - R 1 7
SE E 6 0 e =
2F E 5.ak -
: E -4 ATLAS ?
1 - 02 » lI-channel
D i 11 I | I ] I L1 1 1 I L1 1 1 I | I ] I L1 1 1 I L1 1 1 I L1 1 I | I | E ’ S - 14 TeV 10 fb o Ih_ChanneI :
0 L1 | I | | | | | | | | | ‘ | I ‘ L]

105 110 115 120 125 130 135 on 105 110 115 120 125 130 135 140
My m,, (GeV)

o A
Zz=
a4 | s=7 TeV Projection _
rescaled from 14 TeV MC study s 10 - ‘ det L ‘;
o — _
for 1fbT at 7 TeV 2 L }
2 - i
2 L |
. . =) = ——-Hos Tt 3
assuming 20% uncertainty on 2 E E: o ]
signal and Z->tt background 5 T E+2 ]
0 +i ATL.JIJ«IS Prelllmlne:ry (Simulation) | | |
and 50% on W jetS, tt’ 1[r110[) 110 1|2[1 1|3[1 140 15[1 1%0 1%0 1E|50 190 200

my[GeV]



Combined Projected Sensitivity at 7 TeV

9 T
%b% 10
B -
p -
5 B
= -
[ -
2 (I=mE
a ] —
as-}- - H— WwW

— == H-
% - Ho 4l

—te— H— 77— lIbb .

— 4| =eee Hes ZZ vy ATLAS Preliminary |
o 10 = —a— Hoyy =
2 — =€ VH H- b (Simulation) -
Tp] | === H—=1t _|
(8} |~ ==== Combined ) . -H

I s PR s=7 TeV Projection J. L dt=1fb _

[ l+2c
10—2 | | | | | | | | | | | | | | | | | | | | |
100 120 140 160 180 200
my[GeV]

W expected 95% CL exclusion with 1fb-1 at 7 TeV from ~130 to ~ 450 GeV

¥ low mass most difficult: dominated by H->vyy
important contribution from H->tt and H>bb



Conclusions

B ATLAS detector performs very well, sometimes better than expected

m VBEF still a very promising channel for discovery and exclusion

B exp. uncertainties are mostly under control:

- jet energy scale better than expected

- use of tracking information stababilises CJV aganist effects from pile-up

- missing energy reconstruction with pile up still improvable

M need better understanding and modelling in MC event generators
(use SHERPA (w/ MENLOOPS) and POWHEG)
- jet multiplicities for braching of analysis and CJV
- determination of CJV survival probabilites for EW processes
also to be studied in the LHC Higgs cross section WG
(Sinead is the contact person for VBF production in ATLAS)



Estimating the CJV Efficiency from Data

m knowledge of central jet veto efficiency needed for
investigation of properties and optimisation of selection strategy

m find and select samples with similar topology as VBF signal

with reasonable rate and signal-to-background ratio
m determine radiation pattern and transfer to Higgs signal process

directly or via tuning of MC generators

the obvious candidate: jjZ->ee+up

after basic VBf cuts

o 7(), (b) competing QCD and EW contribution
5 ] | s \ loose cuts:
£ el s EW/QCD = 1:7.2  ogy = 87 fb
S ol tight cuts:
1075(; 2000 4000 6000 8000 EW/QCD= 1-6 (2-9) GEW = 11(5) fb

D. Zeppenfeld et al., Phys.Rev.D54:6680-6689,1996



CJV Efficiency from Data via a single top? (LHO07)

VBF H>1t
d

Single top

signal: BG (mainly tt)~ 2 :1?

fraction of events
o ° o
& =, o

1 | L | L

I§|’II

2
I|II

0.02

Entries 271
Single Top|Mean 3.981
RMS 1.105
Entries 4754
VBF Mean  4.784
BRMS 1.216
+
+
L
+
+.|.+
o e
i 8 9 10
An1stand 2nd jet

H

q/wq

= similar radiation pattern ?

—

T

= similar topology selectable?
= what is influence of differences?

fraction of events
=)
&

IIIEIII

=
o
[}

I§II

I§IIII. LI

0.01f

Single Top

VBF

Entries 116
Mean -0.07488
RMS 2.442

Entries 3093
Mean -0.02786
RMS 2.317

3 4 5

n?*! of 3rd jet




Uncertainty on signal efficiency (14 TeV MC study)

5.3 Theoretical uncertainty

In addition to the effect of systematic mis-measurement on the signal efficiency, theometical uncertain-
ties also limit our ability to estimate the signal efficiency. Next-to-leading order QCD calculations are
now available for the vector boson fusion process. A dedicated study [39] investigated the overall renor-
malization and factorization scale dependence (2%) as well as the parton distribution function (PDF)
uncertainties {3.5%). Next-to-leading order electroweak comections are also quite large for the vector
boson fusion process, giving a 3% uncertainty for the full next-to-leading order calculation [40]. Re-
cently, the dominant next-to-leading order QCD comections to the Higgs boson plus three jets have been
caleulated for vector boson fusion, providing a scake uncertainty on the parton-level central jet veto sur-
vival probability of 1% [41].

While the parton-level theoretical uncertainties are under very good control and below the kevel of
both the statistical error and measurement-related systematics, the same is not true for the theoretical
uncertainty related to the parton-shower and underlying-event. We rely on Monte Carlo simulations that
model the parton-shower, hadronization, and underlying event to simulate the detector response. The
uncertainty in these calculations is not comparable to the accuracy of the parton-level predictions. The
central jet veto efficiency was studied with the signal process generated with PYTHIA (with various
tunings), HERWIG and SHERPA and the fast detector simulation. Afier the analysis cuts, the different
generators differ by 41%. Studies focusing specifically on the matrix element—parton shower matching
indicate a substantially smaller uncertainty [33,42]. We will measure the underlying event [43,44] and
tune the parton shower and hadronization with data, but it is likely that this contribution of the uncertainty
will remain significant. Currently ther is no estimate of the expected uncertainty related to the parton-
shower, hadronization, and underlying event tuning. Clearly, this is an area that deserves attention as
such a large uncertainty will hinder exclusions if a Higgs boson does not exist in this mass range and
cross-section and coupling measurements if one does. Afier discussions with the authors of PYTHIA,
HEEWIG and SHERPA we feel that the residual uncertainty in the parton shower after tuning to the
data will be less than the 18% uncertainty quoted for the jet energy scale. Thus, the uncertainty in the
signal efficiency will be dominated by the jet energy / Ef%* scale uncertainty and the precise uncertainty
in the parton shower is not relevant. Table 15 summarizes the theoretical uncertainties for the signal
production.

Table 15: Theoretical uncertainties which affect the estimation of the signal e fficiency.

Source Relative uncertainty | Effect on signal efficiency
PDF uncertanties +3.5% +3.5%

scale dependence on cross-section +3% + 3%

scale dependence CIV efficiency = 1% + 1%
parton-shower and underlying event + < 10% + <108

total summed in quadratune + < 10%




Combined Projected Sensitivity at 7 TeV (CLg method)

§10 ATLAS Preliminary {S!rru!at!onf}—fg N eXpeCted Iuminosity reqUired for
£ - ] |
£ N TR “Median 95% CL iimit ] 95% CL exclusion
3
3
s
N B channels considered:
""" -a-\s=7 TeV ” . .
_\rzzs ng, inclusive H->yy
10700 120 150 200 300 400 500 VBF H->1t =2, | had.
my, [GeV] W(Z)H, H>bb (boosted)
F;-C%12: ATJLA?PreIiminarj,_/ef_Sim\L;Iation) :,-" /_ H=>WW=>Iviv (:O,'] ,2, jets)
=T E E o Ty IS SV 1
g B -~&- 95% CLN5=7 Tev-~ Pti— 95% CLY5=8 Tev / B H 9 ZZ 94'
e = ‘_,_—-"' i -
= g S H>ZZ->llvy and Slibb
S 6f
2 Fr
= 47
of M expected luminosity required for

95% CL exclusion

3 and 5 o observation




One example: ttbar and WW BG in H+1 jet analysis

m ttbar control region: replace b-veto by b-tag and drop cuts on m,, M+, Ag,

Lepton Flavors signal top WW WZ[ZZ/Wy Z+jets Wojets Total Bke. | Observed
et 0.01 £0.01 219 0.03 0.00 0.00 0.00 22+0.1 2
ee 0.00 0.71  0.01 0.00 0.08 0.09 0.9 +0.1 0
g 0.00 1.54 0.02 0.00 0.01 0.00 1.6 = 0.1 1

- oy * systematic uncertainty

® WW control region: m;>100 GeV and drop cuts on M+, A,

Lepton Flavors signal top WW WZZZ/Wy Z+jets Wajets Total Bkg. || Observed
Ll 002000 149 1.01 0.07 0.08 000  2.65+0.18 3
ee 0.00 £0.00 039 025 0.03 0.12 014 093029 1
I 0.00£0.00 087 0.56 0.02 1.78 000 323+£043 4

2a,, T systematic uncertainty

combining both tables - B, (pollution in WW control region)

M similar methids for all background in all jet mutiplicity bins



Summery of sytematic uncertainties

Background extraction

Experimental uncertainties

Source of Uncertainty Treatment in analysis

Jet Energy Resolution (JER) | ~ 14%, sec Ref. [36]

Jet Energy Scake (JES) < 10% for pr > 13 GeV and [y < 43, see Ref. [33].

Electron Selection Efficiency | 6- 16% asa function of py

Electron Energy Scale 1% for|nf < 14, 3% for 14 < Jpf < 2.3

Electron Energy Resolution | Sampting term 20%, a small constant term has  large variation with
Muon Selection Efficiency | 1.2% for pr < 20 GeV' and 0.4% for pr > 20 GeV

Muon Momentum Seale |y dependent scale offset n pr, up to ~ 3.3%

Muon Momentum Resolution | pr and n dependent resolution smearing functions, £ 10%
b-agging Effciency pr dependent scale factor uncetanties, 10-12%, see Ref. [
b-tagging Mis-tag Rate upto 26%

Missing Transverse Energy | Add/subtract object uncertainties into the E%‘j‘“, upto 20%
Luminosity 1%

| ww  Qp Cwejers  Brop X7+ jers
H +0j analysis
WW MC @ Scale 5% - — — -
Jet E Scale + Resolution | 1.53% - 4.6/5.0%
Algorithmic Uncertainty - 69% 52/46% - -
MC Statistics 4.3% - 47/21%
Total Uncertainty 1%  69% 52/46% 47/22%
H + 1j analysis
WW MC @ Scale 1% - - - -
Top MC @’ Scale - 2% - 7% -
Jet E Scale + Resolution | 9%  27% — 11%  3.0/7.6%
b-tagging efficiency - 22% - 15%
Algorithmic Uncertainty - - 52/46% -
MC Statistics 129% - 6% 30/20%
Total Uncertainty 19%  42% 52/46% 20%  30/21%
H +2j analysis
WW MC O~ Scale —~ — — —~
Top MC @7 Scale - 38% - 8% -
Jet E Scale + Resolution 8% - 2.5%
b-tagging efliciency 20% - 16%
Algorithmic Uncertainty - - - - 11.2/12.6%
MC Statistics - - 1.4%  40/26%
Total Uncertainty 44% - 18%  42/29%




Result of BG estimation

Data driven MC prediction

SS - 1B TTTTTTTTTTT TTT TTTTTTT TTT TTTTTTTTTTT 1B T TT TTT TTT
n all* 16 +- 5 = 135 k I+jetls all channels | _¢_I,jml e . > 13; +pts ‘all thannels. —¢—m A .
s 76478 L et A B e

wjet n w+jet . . - 14;‘mspm“m'"w Ohersios- 85) ~ 14F otpare e

0 - =] Walets Addon . 0 C _ ]
r . O - ATLAS Preliminary [ Welets .
—_— ' Same Sign = E B
kother other =1.9+-0.5 E 125_ et 1L E E 12; s ]
sum: =25 +-9 12_ \JE:?TaU,_[L:ﬂ.m E 12_ \J§=?Te\.r,_[L=u.31ph'_E
B = BF -
observation: 29 4F . 4 3
e 1 :
b 20 40 60 80 1001201401601802! %20 40 80 80 100120140160180'200

M, visible [GaV] M., visible [GeV]

Sources Uncertainty

Same-sign component (nss]
Same-sign statistics 259
QCD OS/S85 ratio rocp = 1 17 %
Add-on component (A jets - n;;ﬂem)
. . Add-on statis:l:i(_:s H:S_'_Jem 2. 1%
Ovewlew Of SyStematIC gjﬁﬁ;r?;nj?;if:;ﬁtween signal and control regions l?gi

. . Acceptance due to MC modelling
uncertainties MC statistics Table 4
Scales for rr 5%
Scales. PDF and MLM matching scheme lor Z+jets 139
Electron., muon and tau Bes, 7oz, 109
Jet energy scale 1-21%
Theoretical uncertainties on the cross-sections of Z and rr 49 and 6%
Luminosity 11%




Determination of WW background

=it + jets' all channels
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