ATL-PHYS-PUB-2009-058

ATLAS NOTE o
\

April 28, 2009

Study of Signal and Background Conditions inttH,H — WW®) and
WH,H — WW)

The ATLAS Collaboratio®

This note is part of CERN-OPEN-2008-020. This version of the note
should not be cited: all citations should be to CERN-OPEN-2008-020.

Abstract

In this note we present Monte Carlo studies of the associ@taddard Model Higgs
boson production in th#H andWH channels with the decay — WW (). These channels
are intended to provide information on the Higgs boson’'sptings. We study the two- and
three lepton final states thH and three lepton final states\WiH, based on the full ATLAS
detector simulation.

@) 10 May 2009

DThis note prepared by: Y. Bai, J. EImsheuser, S. Jin, F. Lupdlwig, E. Monnier, B. Ruckert, L.Y. Shan, C. Weiser,
H. Zhang.



1 Introduction

The discovery and subsequent study of the Higgs boson is fotle anain aims of the Large Hadron
Collider (LHC) at CERN. The possible mass range of the Stahbtndel Higgs boson is bounded by the
lower limit set at LEP of 114 GeV and reaches to about 1000 G&VThe ATLAS experiment will use
all possible channels to extract information on it, becaxmaparing the rates in the different channels
will allow information on the couplings to be extracted.

The sensitivity of ATLAS to a Higgs boson produced in gluosifun or via vector boson fusion
and decaying t&V quark pairs has been discussed elsewhere in this volum@ . note contains the
results of studies of the Higgs boson in the same decay mddwdmuced in association with either top
quarks, (tH,H — WW®)), or aW boson WH,H — WW®)). The cross-sections for these processes
are significantly lower than for inclusive Higgs producti@amd the additional activity makes them more
complex to reconstruct, but the presence of extra signatyives more possibilities for the reduction of
the background.

This note explores techniques to exploit these signataresthe signal and background conditions
are studied in both channels. A full simulation of the ATLA®eriment is employed to estimate these,
which represents an improvement over the fast simulatiea irs previous studies afH [3] and WH
[4,5]. The marginal production rates and numerous backgt@ources, many with large cross-sections,
make this analysis difficult, and both the background andadigeed to be established in some detail.
Nevertheless, if the background can be well estimated, fihreintegrated luminosities of several tens of
fb—! measurements should be possible.

The backgrounds considered in detail here arise from tHadive tt process, fronit produced in
association with gauge bosons, and from gauge bosons modudusively or in pairs. Unfortunately,
it has not been possible to model all the relevant backgmwith a complete simulation at the statis-
tical level required; this is true for example of inclusiveCQ multijet events. Section 2 describes the
considered signal and background processes. Sections 8 gie the details oftH andWH anal-
ysis accordingly. Section 5 discusses the results, inotuthe signal-to-background ratio that can be
achieved in these two channels.

2 Signal and background Monte Carlo samples

Signal and background were produced with various generatmough a realistic ATLAS detector sim-
ulation based on the GEANT 4 package [6].

2.1 Signal generation

Events with a Higgs boson decaying ti\apair produced in association wittttapair or with aw boson
can be searched for at hadron colliders by requiring theepaesof lepton pair(= e, u).

In particular, for the two-lepton final states, like-sigptiens are selected; this allows a strong reduc-
tion of the large background produced by ther tt leptonic decays. In order to improve the efficiency of
the Monte Carlo data sample production, generated evemtsfiltered before their processing through
the ATLAS detector simulation.

For theWH channel, only events with three leptons in the final stateevgetected. These leptons
had to pass loosg and pr cuts.

Samples oftH with at least two leptons were generated and filtered foedfiit Higgs boson masses
between 120 and 200 GeV using the PYTHIA 6.4 generator [7suRe obtained with these samples
were normalized to the Next-to-Leading Order (NLO) crosstisns and branching ratios reported in



Ref. [1]. Only themy = 170 GeV mass point was studied for # channel, where signal events were
generated with the MC@NLO program [8].
Table 1 summarizes the most important characteristicseositinal samples used for this note.

Table 1: Signal samples generated for ift¢ andWH,H — WW®) analyses.

Process| my [GeV] oot (NLO) [fb] | Final states Generator 0 X BRX &fjiter [fD] | N(events)

ttH 120, 130, 140| 669, 534, 431 | ttH — 4W (2L) PYTHIA 6.4 3.60, 6.25, 8.51 ~40k
150, 160, 170| 352, 291, 243 9.68, 10.49,9.31 permy
180, 190, 200| 204, 174, 149 7.62,5.50, 4.42

ttH 120, 130, 140| 669, 534, 431 | ttH — 4w (3L) PYTHIA 6.4 2.34,4.05,5.49 ~40k
150, 160, 170| 352, 291, 243 6.31, 6.91, 6.15 permy
180, 190, 200| 204, 174, 149 5.00, 3.54, 2.86

WH 170 511 WH —WWW (3L) | MC@NLO 3.42 80k

2.2 Background samples fottH,H — WW )

The main backgrounds for theH,H — WW®) final states aret, ttW, ttZ, tttt andttbb. Single top
events have been neglected. Jets from QCD productiolV@hgroduction processes are also sources of
background. However, lepton identification with isolatamd a jet multiplicity requirement are expected
to reject a large fraction of these. The background from QGijat production has not been properly
estimated so far and it is hoped that the selection requimesireduce it to an acceptable level.

A special MC@NLO sample is filtered for a pair of like-sign oora than two leptons with a
pr > 13 GeV andn| < 2.6 at the generator level. It results in a filter acceptance@3&. In addition,
when there are three or more generated leptons, events ppthsitely charged leptons frold bosons
falling into a special domain o > 30 GeV and|n|— 1.5| < 0.2 for electron,pr > 15 GeV and|n| —
1.25 < 0.2 for muon ) were rejected. This results in a small bias, amsigependent.

TheWbb sample was produced by the ALPGEN generator with only léptdhboson, a generator
level filter led to an additional 0.02 acceptance, and a 2.5adtor [6] was also included. Leading
orderttW + jets samples were produced with ALPGEN [9]. The minimysn for the additional jets
was 15 GeV, while the maximunm| was 6.0. The generated jets were also required to be segparate
by a distanceAR = /An2+ Ag? larger than 0.4. MLM matching [9] was performed to avoid deub
counting of additional jets. _

Samples oftZ, tttt, ttbb andttbb(EW) were produced with the leading order generator ACERNMI. [
ThettZ events are normalized to the total cross-section recealtyitated at NLO [11], while other AC-
ERMC samples are normalized to LO. In & sample, the deca¥ — ¢¢ was forced. Thetbb(EW)
sample contains the electroweak contribution to the proaluof ttbb. For bothttbb samples, the final
states containing fou-jets, two light jets and a lepton (muon or electron) wereegated. Table 2
summarizes the characteristics of all background samelegant for thettH analysis.

2.3 Background samples folVH,H — WwW*)

Thett andWbb samples as given in Table 2 are used also in this analysisthEarreducible diboson
WZ/ZZ backgrounds only the fully leptonic decays were considetted was done with the MC@NLO
generator. The ALPGEKW+0 jet sample described in Section 2.2 was analyzed to atdouthe
ttW background and as it gives a negligible accepted crosssdbe samples with additional jets were
not considered. The hu@¥+jet background was generated with HERWIG [12] and was nbzethto
the NLO production cross-section [6] with a filter appliedquiring at least one electron (muon) with
pr > 10 GeV andn| < 2.7 (pr >5GeVandn| <28).

An overview of all background samples used for WiEl analysis is given in Table 3.
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Table 2: The samples used to estimate the background aatitritin thettH,H — WW®) analysis..#
denotes the effective integrated luminosity availablenffdonte Carlo statistics.

Process Generator Otot [fo] | 0 xBRx &iner [f0] | N(events)| Z [fb—1]

tt MC@NLO 833000 450000 440k 0.98
tt_p_re-filtered MC@NLO 833000 32000 350k 10.9
tt_bk_)(EW) ACERMC 3.3 900 244 6.5k 26.6
tt_bb_ ACERMC 3.3 8200 2244 44k 19.6
Whbb ALPGEN 2.1x10° 1387.8 20k 14.4
ttW + 0 jets ALPGEN 189 25.3 20k 790
ttW + 1 jets ALPGEN 156 20.7 20k 966
ttW + > 2 jets | ALPGEN 237 34.0 18k 529
ttz ACERMC 3.4 1090 87.0 19k 218
gg — tttt ACERMC 3.4 2.2 1.44 21k 14583
qq — titt ACERMC 3.4 0.48 0.31 7k 22580

Table 3: List of background samples for héH analysis..# denotes the effective integrated luminosity
available from Monte Carlo statistics.

Process Generator Otot [fb] | 0 x BRx &iiner [f0] | N(events)| 2 [fb~ ]

tt no all-hadronic] MC@NLO 833000 450000 440k 0.98
tt pre-filtered MC@NLO 833000 32000 350k 10.9
Wz MC@NLO 3.10 47760 750 36k 48
zZ MC@NLO 3.10 14750 72.5 50k 690
W+iets HERWIG 1.91x 108 2.8x 107 60k 0.0214
Whb ALPGEN 2.1x10° 1387.8 20k 14.4
ttW + 0 jet ALPGEN 189 25.3 20k 790

3 Selection of thettH, H — WW®) two and three-lepton final states

In this study, the highpr single lepton trigger is used for theH two-lepton (2.) events and three-
lepton (3.) analyses, with a trigger efficiency larger than 96% for batlannels at offline selection
level. Cut-based analyses were performed, based on thadasthATLAS reconstruction of a medium
quality electron [13], combined muons [14], and cone siz&Rf= \/An2 + Ag? = 0.4 (cone-0.4) tower

jets [15].

Signal data sets for nine Higgs boson masses in the range&et?0 and 200 GeV were analysed.
In the following, numbers will be given mainly for the mosbprising Higgs boson mass of 160 GeV
including cut flow information for the 120 and 200 GeV masqmi

3.1 Event selection irttH, H — Ww®)

The event selection is based on the analysis of final statdsawieast two reconstructed leptons and
jets; from now on we refer to this analysis as “basic selettidcach lepton or jet is required to have
transverse momentupy > 15 GeV and to lie in the pseudorapidity regief < 2.5. Finally, two-lepton
(2L) events are required to have at least six reconstructedabtte events with three leptonsl{Bmust

have at least four jets.

The A.(3L) selection retains 36.1% (35%) of the Higgs boson events mit = 160 GeV, while
reducing the various backgrounds (see Tables 4 and 5).

For both selections, further suppression of the main backgt sources can be done by isolation.
The isolation criteria require that the transverse enerpodited in the calorimeter around the lepton
in a cone sizeAR = 0.2 be below 10 GeV (calorimeter isolation), the maximyn of extra tracks
reconstructed in the Inner Detector around the lepton timack cone sizeAR = 0.2 be below 2 GeV



(tracker isolation) and the angular separatide, ¢ between the lepton and the closest jet be greater
than 0.2 for an electron or 0.25 for a muon (cone isolatior)is Ts referred to as “standard isolation”
and it allows the reduction of tite€ background by more than a factor of 10 (170) in the(2L) analysis.
ThettZ/ttW backgrounds are suppressed by a factdt2, @L) to 5 ¢tW + 2jets, 3.).

Further reduction of th&t background in the dilepton final state can be achieved byiniaglexactly
two like-sign isolated leptons. This requirement supmesbe larget processes with two leptonic
W-decays, as well as the contribution from thé process.
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(a) Dilepton invariant mass distributions (b) pr-distributions of isolated and non-isolated muons

Figure 1: (a) Dilepton invariant mass distributiongtid (2L) andttZ and (b)pr-distributions of muons
passing the loose isolation criteria. The solid distributshows electrons frolV decays in the 160 GeV
signal sample, the dotted distribution shows muoris,iwhich could not be matched to a generator-level
muon from aW- or T-decay. All distributions are normalized to unity.

In both final statesttZ can be suppressed further by an expliiteto: events that contain a lepton
pair of opposite charge and same flavour with an invariansrhasveen 75 Ge: my, < 100 GeV are
rejected. This veto includes all leptons passing the delectiteria and loos@r-cut, here set to 6 GeV.
The dilepton invariant mass distributionsttid andttZ are shown in Figure 1(a). TH&veto decreases
thettZ-contribution roughly by 75%, while 98% of the signal suevim the 2. analysis. In the B case,
83% of the signal events pass theveto, while 80% of thetZ contribution is suppressed.

At this stage of the 2 selection, 73% of the remainin events have at least one muon from a
semi-leptonic heavy quark decay, while the fraction of ¢évevith electrons of this origin is only 20%
(identification of electrons embedded in jets is more diffituan that of muons).

Further rejection of these muons fraimevents is achieved by requiring the reconstructed nuon
to be larger than 20 GeV, as leptons from heavy quark decagbttebe softer than leptons frouv
decays (see Figure 1(b)). After this cut, the fraction ofgsavith at least one muon from semileptonic
decay versus the one with at least one electron from seroilgptiecay is respectively 46% and 41% .

The detailed cut flows, with the corresponding acceptedsesestions, are listed in Tables 4 and 5.
From now on the “basic selection” is quoted with the filteradfncy allowed for. In the 2 analysis we
have used the special MC@NtGample described in Section 2.2 and a small bias has beerutainp
at various stages of the cut flow. The different values haes beund to be compatible and a correction
of 1.15+0.10 has been applied in theline in Table 4. In the B analysis the standard MC@NLO
sample has been used, and therefore no correction has haerdap

In both cases, the largest background contribution is égpgefioomtt events. The accuracy of the MC
prediction of the total background expectation is limitgdtbe available statistics and by the intrinsic
accuracy of the simulation tools. In the casdtdahe basic cross-section error is large, butAbheGeN
predictions for higher additional jet multiplicities sefffrom even larger uncertainties. There may also

5



be background contributions frov bosons with multijets which have not been reliably estimaie
QCD multijet production or other sources which it has notrbgessible to simulate.

Table 4: Cut flow and expected cross-sections [fb] fortt_lie (2L) analysis. The errors presented are

statistical only. Some backgrounds, sucagets,bb andttjj have not been included.
Sample Orotal -BR | Basic sel.| Caloiso. | Trackiso.| Coneiso.| Like-sign | Z-veto prH
ttH (2L, 120 GeV) 3.9 1.05 0.80 0.65 0.52 0.52 0.51 | 0.45+0.01
ttH (2L, 160 GeV) 11.1 4.01 3.02 2.57 2.09 2.09 2.04 | 1.85+0.03
ttH (2Lth, 200 GeV) 4.7 1.83 1.43 1.24 1.05 1.04 1.02 | 0.95+0.01
ttbb (EW) 259.0 15.8 4.1 0.9 0.3 0.2 0.2 0.11+0.07
ttbb 2360. 177. 31.7 6.3 1.8 0.9 0.9 0.5+0.2
tt 833000. 6170. 1970. 870. 500. 16.0 16.0 7.4+1.1
titt 2.68 0.65 0.33 0.26 0.20 0.07 0.07 | 0.06+0.00
ttW+0j 61.1 117 0.46 0.30 0.19 0.10 0.10 | 0.09+0.01
ttW+1j 50.5 2.09 0.93 0.66 0.48 0.23 0.23 | 0.214+0.02
ttW+>2j 76.9 8.6 4.9 4.1 33 1.58 154 | 1.40+0.05
ttz 110. 25.7 20.5 18.1 13.7 1.6 12 1.14+0.07
Whbb 66721. 1.6 0.14 - - - - -
Total background 10.3t1.1

Table 5: Cut flow and expected cross-sections [fb] fortthe (3L) analysis. The errors presented are
statistical only; systematic uncertainties are also irtgydr Some backgrounds, suchvéisjets,bb and
ttj j have not been included.

Sample Orotal - BR | Basic sel.| Caloiso.| Trackiso.| Coneiso.| Z-veto ptH
ttH (3LIUN 120 GeV) 25 0.66 0.46 0.38 0.29 0.24 0.20+0.00
ttH (3L““th, 160 GeV) 7.1 2.53 1.78 1.47 1.14 0.95 0.82£0.02
ttH (3L'"th 200 GeV) 3.1 1.16 0.82 0.70 0.55 0.43 | 0.39£0.01
tt 833000. 1600. 230. 50.0 9.3 7.2 2.1+2.1
ttW+0j 61.1 0.78 0.17 0.08 0.04 0.03 0.03+0.01
ttW+1] 50.5 1.07 0.28 0.14 0.08 0.08 0.06+0.01
ttW+>2] 76.9 2.77 0.85 0.60 0.50 0.42 0.38+0.03
ttz 110. 15.0 8.6 6.8 5.3 1.05 0.86+0.06
Total background 3.4+2.1

3.2 Projective likelihood estimator for electron isolatian

A projective likelihood estimator, called IsolationLiitebod [13], was developed in the course of the
ttH,H — WW®) (2L) analysis. Alternative to the standard isolation, thid feaneant to combine the
separation power of several isolation variables into alsjngore powerful one. It uses the likelihood
ratio method to reject electrons from semi-leptonic heavgrk decays using a different set of isolation
variables than those described in Ref. [13]:

e The additional transverse energy deposited in a cone of\itze 0.2 around the electron cluster.
e The sum of thep? of all additional tracks measured in\R = 0.2 cone around the electron cluster.

e The transverse impact parameter significahpe/d(1 p) of the electron.

In addition, the “cone isolation” cut is also used as in tlamdard isolation analysis.

When tuned to give the same electron isolation efficiencyiobtl with standard isolation in the
ttH analysis, the IsolationLikelihood allows a higher rejeatiof non isolated electron background by
a factor 1.5 to 4, as shown in Figure 2. Using this projectikelihood estimator could suppress the
tt background from 2+ 1.1 pb to 57+ 1.0 pb, while keep the same signal and other backgrounds
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selection efficiencies. It shows a potential improvementhef analysis which could be adopted at a
small increase in complexity, but it has not been used indbeiment.

v
c 107 E L =
o c ATLASH
S
8 A 4 ]
2 4
2
° 10° =
3 10 5y E
S % E
o o A 4
5 ° A N -
< B A b
[*) e N
c 2 ] A A
o 10°E o ° T Y 3
8 % o 8 4 B
%QZ) o§. ,ﬁ -
ttH(160GeV), H - WW / electron medium S [ 1
10| o 15GeV<p <19GeV; 0<|n|<1.37 8 4 =
E | . 27GeV<p <43GeV; 0<|n<137 E % i E
- | o 15GeV <p <19GeV; 152 < || <247 i 1
_ | 4 27GeV<p_<43GeV; 1.52< || <2.47 i
[ A A Lo b aa Laaay

i i T IR P
0O 01 02 03 04 05 06 07 08 09
signal efficiency

Figure 2. Non-isolated electron rejections vs. signal ifficies obtained by the IsolationLikelihood
estimator for four differenpr andn intervals. The large points mark the working point of thendtard
isolation cuts for comparison and indicate the size of therdrars, which are not shown for the curves.

4 WH analysis

Only the three lepton final staté/(H — WW)) — 3 (Iv) is described below. The analysis of the larger
cross-section dilepton final state, which has an impoktént jet background is currently ongoing.

The basic selection requires three leptons that satisfyefiten identification criteria, i.e. medium
electron [13] and standard muon [14]. The leptonrthresholds were set to 35 GeV for the leading
and 15 GeV for the other lepton. As seen from Fig. 3(a) the cuthe leading lepton reduces the
backgrounds much more than the signal. The presence of ldf@eas also ensures that any signal is
efficiently recorded by the ATLAS trigger system

In addition to a 6 GeV calorimeter isolation and a 0.25 cowéat®on as described in Section 3.1,
pirack / p'Tepton < 0.05 were forced, wher@/®* is of the track with maximapr in a cone ofAR=0.2
(0.3) around the muon (electron). Furthermore, a cut ongp®h three-dimensional impact parameter
Isp/0y < 2.5 was employed to reject leptons from bottom quarks.

In order to reduce the&/Z background, & veto is applied by requiring that no opposite sign and
same flavor lepton pair has an invariant mass between masgiéia GeV (Fig. 3(b)). In addition only
events withE'sS > 30 GeV were kept. To further reduce the backgrounds, we askdm of thepr
of all the jets (which were preselected above 20 GeV from €bigower jets [15]) to be smaller than
120 GeV, as seen in Figure 3(c).

For additional rejection oft andttW, events having at least one jet fulfiling a loos¢ag [16]
are removed. In order to exploit the spin correlations intthe> WW) signal, the minimum angular
separation AR) between lepton pairs is required to be in the rangeddf ~ 1.5] (so called “H-S cut”).

Table 6 summarises the cross-sections after the cut flowidedabove. The filtered MC@NLO
sample described in Section. 2.2 has been used here. Intortke into account the bias introduced
by this sample, a correction of36+ 0.6 has been applied. The background rate f\nbbosons with
multijets, QCD multijet production or other sources, whigve not yet been possible to simulate, have
their contribution still under study. The errors on the lzaokind are, at this stage, much larger than the
size of the expected signal.
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(3L) signal and the relevant backgrounds. All these ploésdane after loose cut.

5 Discussion

5.1 Uncertainties in the analyses

Several systematic uncertainties affect the results pteden this paper. There are theory uncertainties
associated to the the choice of the Parton Distribution #ome (PDFs), to the choice of the renormal-
ization and factorization scales, to the description ofitiitéal and final state radiation and to the model
used to simulate the heavy quark fragmentation. In ordevdtuate the size of these uncertainties, the
theory parameters above mentioned have been varied wittgrvals corresponding to sensible choices.
Concerning the PDFs, the MRST2000-LO set was used at the pfabe CTEQ6L1.

For thettH analysis, the theory uncertainties have been found to mdu@% change of the signal
cross-section, dominated by the PDF choice. The impactettt {rocess, which is the most important
source of background to this signal, has been found to be T2Ref. [6]. An additional 5%, found
in study of the signal process, associated to the uncertainthe initial and final state radiation, has
been included in quadrature, giving an overall 13% unaastasn the total cross-section. However, the
background sample is dominated thyvith extra jets, and the uncertainty on this rate is of ordfactor
two. ForWH, the PDF uncertainty was found to be less than 5%, and eneajg ancertainty even
smaller [17]. Including these effects and others (ISR,F8&}et a total theoretical uncertainty of 9%.

The effect of experimental systematic uncertainties hag laéso investigated. The main sources of
these uncertainties are represented by the knowledge aftdgrated luminosity, the energy scale and
the energy resolution of electrons, muons and jets, as wéieatag efficiency db-jets and the rejection
of light quarks. The level of these uncertainties and theaichpn the overall event selection is presented
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Table 6:WH (3L) cut flow and corresponding cross-sections. The errmgsemted are statistical only;
systematic uncertainties are also important. Some backgs) such a#&/WW, single top andtZ have
not been included.

Input [fb] | Basic sel.| Isolation | Z-veto | Ef"S | H-S (b-) jet veto
WH (3L) 5.04 118 [ 0.62 053 [ 0.47 [ 036 | 0.31+0.02
wz 750. 1655 | 1.41 074 | 063 [ 021 | 0107558
tt 833000. | 3564.3 | 6.45 6.11 | 510 | 1.02 | 0.3473%°
7z 72.5 345 | 013 0.06 | 0.013| 0.008 | 0.005::0.001
ttw 61.1 1.35 | 0.22 0.21 | 0.19 | 0.07 | 0.003"5:393
Whbb 66721. 3.1 - - - - -
W — ev+tjets | 2.05-10° 17.6 - - - - -
W — pv+ets | 2.05-107 27.6 - - - - -

Total background 0.45+0.70

in Tables 7 and 8. Pile-up events will decrease the dete&donmance and the impact needs to be
properly addressed in future studies. However, the relgtiow jet transverse momentum threshold of
15 GeV in thettH analyses may be sensitive to this. The overall systematiertainty expected in the
ttH analysis is 10% (10%) for the 2L (3L) signal and 15% (18%) fovse backgrounds which have
been quantified. In the case of éH analysis the overall systematic uncertainty is about 108thi®
signal, and about 20% for those background systematicshwtdaee been estimated. In each case the
total background uncertainty is much larger than this adgme

Table 7: Overview of the experimental systematic uncetitssron the signal and background predictions
related to thétH channel in those channels studied. All numbers are in %.

Source of the uncertainty ttH (2L) ttH (3L)
A signal (%) | A background (%)| A signal (%) | A background (%)

Luminosity 3 3 3 3 3

Electron ID efficiency @ || 02 0.2 0.3 0.3
Muon ID efficiency 1 1.0 1.0 15 15
ElectronEr scale 05 || 01 0.1 0.2 0.3
Muon Eg scale 1 0.5 0.2 0.7 10
ElectronEr resolution 0.1 0.1 0.1 0.2
Muon pr resolution 0.6 22 0.3 0.9
Jet energy scale 71 12 4.9 27 10
Jet energy resolution 1.0 14 19 5.7
Electron isolation efficiency 1 || 1 1 15 15
Muon isolation efficiency 1 1 1 15 15

| Experimental uncertainty | £39 | +6.6 | £5.2 | +123

5.2 Conclusion

ThettH,H —WW®) andWH,H — WW®) processes have been studied using two- and three-leptbn fina
states. The signal and main backgrounds have been estingitefa full GEANT based simulation of
the detector. The estimated accepted cross-sections insilgral and background for these processes
are 1.9:10tfH 2L), 0.8:3.4 {tH 3L) and 0.3:0.4\(VH 3L) respectively. The signal is small and clear
distinguishing features such as resonance peaks have eweltablished. The backgrounds are larger
and their uncertainties have not been fully controlled. &halysis is therefore very challenging.
Accurate estimations of the background level using largaukition samples (made with more effi-
cient simulation packages) as well as direct measuremsirtg aontrol samples from real LHC data are
essential if a good signal significance is to be reached. ¥ample the production oV bosons with
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Table 8: Overview of the experimental uncertainties on tgead and background predictions related to

theWH channels in those channels studied. All numbers are in %.

Source of the uncertainty WH 3L selection
AWH (3L) (%) | AWZ (%) | Att (%) | AZZ (%) | AttW (%)
Luminosity 3 3 3 3 3 3
Electron ID efficiency 0.2 0.3 0.3 0.2 0.9 1.1
Muon ID efficiency 1 15 1.7 1.9 1.0 1.7
Electron energy scale 0.5 || 0.06 0.06 0.2 0.02 0.07
Muon energy scale 1 0.2 0.1 1.0 0.08 0.7
Muon pr resolution 0.1 0.03 0.2 0.02 0.4
Jet energy scale 7 2.5 2.6 17.4 2.3 13.6
Jet energy resolution 0.005 0.03 1.9 0.5 0.7
b-tag eff. / lightjetrej. 5/32|| 1.0 1.0 2.7 0.8 3.2
| Experimental uncertainty || +4.3 | +145

large numbers of jets need to be measured, as does the fakibution fromb-jets. These two channels
should then contribute to the measurement of the StandareMdiggs boson properties, in particular
the couplings of this boson to top and to e
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