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1. Introduction

The observation of decays of Higgs bosons to a palbi-qéiarks is an important step for es-
tablishing whether the new observed particle with an imrdgrmass of 125 GeV [1] is the Higgs
boson predicted by electroweak symmetry breaking in thedstal Model or not. These proceed-
ings report on the search for the Higgs boson in this decayenheded on a dataset of 4.4.7
fb~! of \/s= 7 TeV collision data provided by the LHC [2] and recorded by &TLAS detec-
tor [3]. A more detailed description of the analysis can hefbin [4]. Despite the high branching
ratio of Higgs boson decays to a pair lefjuarks predicted in the Standard ModBR(58% for
my = 125 GeV), the observation of a signal in this decay channegiig challenging, predom-
inantly because of the copious amount of backgrounds kwjts in the final states. To reduce
such backgrounds to a managable level and at the same tividgeoway to trigger the events of
interest, only the production modes where the Higgs bosproduced in association with a vector
boson are considered, with three signatures, meant totselecé¢, W — ¢v, Z — vv: events
are triggered based on the leptonic signature and the pomdsig channels are labelled as 2-, 1-
and O-lepton channels in the present article. In additictmédeptonic part of the event selection,
the analysis relies on identifying twequark jets and looking for an excess over the background
expectation corresponding to a broad peak inbthwvariant mass distributiom((bl:_)) ~ 15 GeV).
The signal-over-background ratio can be enhanced by iagu\W or aZ boson candidate with
high transverse momentum: different categories are therefonsidered, corresponding to differ-
ent intervals of the vector boson transverse mome{{eor p%.

2. Data and selection strategy

Events with leptons (muons or electrons) are triggered hglsielectron and muon triggers
with offline pr thresholds of 25 GeV and the pseudo-rapidity limitedyter 2.5. In the two lepton
channel, these triggers are supplemented with a di-eledtigger with a threshold of 12 GeV,
which are then exploited offline by reducing thethreshold to 20 GeV. Efficiencies with respect to
offline event selection are close to 100% for the electroethatannels, while for the muon based
channels they are 90% for the 1-lepton channel artl95% for the 2-lepton channel. The 0-lepton
channel relies on a missing transverse eneEgg}s(’) trigger, which has an efficiency above 50% for
the offline selection cut S > 120 GeV and is nearly fully efficient fdgsS> 170 GeV. The
basic selection cuts for all three channels are summanms&dtle 1. The definitions of signal and
loose leptons vary across channels, and a more detailedp@stcan be found in [4]. Jets are
reconstructed from calorimeter energy deposits, usingnéirkaclustering algorithm with radius
parameteR = 0.4. Jets from pile-up are suppressed by requiring at least Gb#e summed
momenta of tracks matched to the jet to be associated withrtimary event vertex.

The jet and (additional) lepton vetoes play an importarg imlreducing the copious top pair
background, in both 0- and 1-lepton channels. A similar ®lglayed in the 2-lepton channel by
the 83< my, < 99 GeV an£$‘53< 50 GeV requirements, which suppress top pair events with 2
leptons in the final state. TII# intervals corresponding to the signal categories defindueithree
channels and additional topological cuts which depend\{oare shown in Table 2. In the O-lepton
channel, in addition to the calorimeter based definitiorE@FS, a track-based definition (relying
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Table 1: The basic event selection of the three channels.

Object | O-lepton | 1-lepton | 2-lepton
Leptons 0 loose leptons 1 signal lepton 2 signal leptons
+ 0 loose leptons
2 b-jets 2 b-jets 2 b-jets
(p* > 45 GeVp? > 25 GeV|n| < 2.5)

Jets + < 0loose jets + < 0loose jets -

(pr > 25 GeV|n| < 2.5)|(pt > 20 GeV|n| < 4.5 -
MET Ess> 120 GeV EMiss > 25 GeV ENss < 50 GeV

pT'ss > 30 GeV

Vector Boson Mass - mVr" > 40 GeV 83 < my <99 GeV

Table 2: Categories irerV or p% intervals (in GeV) and additional topological cuts in eagkegory.
O-lepton channel
p% [GeV] 120-160 160-20q >200
AR(j1, j2) 0.7<AR0.7< AR -

Ap(V,H) >27 | >29 | >29
AQ(ET'SS, p'ss) <12
Min[A@(EMSS jets)] >1.8
1- and 2-lepton channels
pY [GeV] 0-50 | 50-100|100-200>200

AR(j1, j2) 0.7 <AR0.7<ARO0.7<AR -

on charged particles only) is considered, which is Iabekeﬁ?’c‘?s. Cuts onAR(j1, j2) > 0.7, i.e.

on the pseudo-rapidity difference between the twjets, are placed to cut out the phase space
region which is dominated by close-by gluon splittingé.)b_wand therefore is not particularly easy
to model by the Monte Carlo generators, except for the htgp%segion, where this cut would
reduce a good part of the signal and the modelling issuedsddsvant: one of the reasons is that the
b-quark mass plays a less important role at such high trassvaomenta. In the 0-lepton analysis
additional cuts are placed to further reduce the backgmuimdparticular multi-jet backgrounds
from non realEss,

3. Backgrounds

The analysis relies on testing the signal hypothesis baséaemn,; distribution for the signal
and the backgrounds within tH80— 150) GeV mass region (this region is referred to as signal
region in the following). These distributions are consatkeseparately for the three channels and
the differentp¥ categories, to exploit their different sensitivities. Figshows then,; invariant
mass distribution after applying the full analysis selactifor all three channels. For the sake of
simplicity, in these plots no distinction is made pﬁ( categories. The Monte Carlo predictions
for the various backgrounds are scaled to their data-drégtimates, which will be described in
the following, while the shape is obtained from Monte Canledictions, except for the multi-jet
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background in the 1-lepton channel, for which both normadili;m and shapes are derived from
data.
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Figure 1: The invariant massy,;, for the 2-lepton (left), 1-lepton (middle) and O-leptorgfrt) channels [4].
The signal distributions are shown faiy = 120 GeV and are enhanced by a factor of 5 for visibility.
The shaded area indicates the total uncertainty on the baukd prediction. For better visibility, the signal
histogram is stacked onto the total background, unlike #n®us background components which are simply
overlaid in the figure.

As can be observed in the figure, the main background for te@t®n analysis is th&+jet
continuum, while for the 1-lepton analysis both YNe-jet and top backgrounds are very important,
where top includes both top pair and single top productiom.the O-lepton channel, the most
important backgrounds ai&t+jet, W+jet and top pair production, the first being irreducibleg th
second and third passing the selection due to leptons escdptection. In addition to these, a
sub-leading background for all channels is also the dib@soduction WW, ZZ, WZ) and in the
1-lepton channel a significant amount of multi-jet backgiumostly in the Iowesp‘{" categories.

Given that the expected signal-over-background ratiodcavg[from 1% to 15% depending
on channel ang¥ category), the correct estimation of the backgrounds, boterms of shapes
(m,; and p\T’) and overall normalisation, and moreover of their relatedeutainties, is crucial. The
overall normalisation of the main backgrounds is entiredgdal on data. To make this possible,
additional control regions are defined:

e The sidebands of the; distribution of the 1- and 2-lepton channels (in the 20-8% @ad
80-250 GeV regions).

e A top control region for the 1-lepton channel, where exatiee jets are required rather
than exactly two.

e A top control region for the 2-lepton channel, wheng is required not to be compatible
with mz andEMsS > 50 GeV is required.

In the 1-lepton channel, the left sideband of thg distribution is dominated byV+jet events,
while the right sideband is dominated by top pair and sinigieevents. In the 2-lepton channel,
both the left and right sideband of the same distributiondsichated instead by +jet events,
with a minor presence of di-leptonic top pair events. A siaous fit to the data of the overall
normalisations of th&V+jet, Z+jet and top (top pair + single-top) backgrounds in all define
control regions is performed and the result is used to redte Monte Carlo predictions in the
signal region accordingly. These rescaling factors are ated for the O-lepton channel, after
cross-checks performed on additional control regions.
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4. W/Z+jet backgrounds: flavour fractions and modelling uncertainties

The identification ob-jets is crucial to suppress backgrounds with light esjeits in the final
state. The analysis relies on a Neural Network based dis@tor which combines severat
jet identification algorithms, a 3d impact parameter, atusice vertex finder and a multi-vertex
b — c-hadron decay chain fit. Taking top pair events as a benchradight-jet (,d,s) andc-jet
fake rate of respectively 0.6% and 20% is obtained fb¥et efficiency of 70%.

TheW /Z+jet backgrounds are known to be theoretically not perfettbdelled. This poten-
tially affects both normalisation and differential distuitions of their separate flavour components.
Besides the overall normalisation, the fractiond\@fz)+b,W(2)+c andW(Z)+light-jet events are
therefore estimated from data: theandc-jet fractions are defined by the presence of at least one
b- or, if the b-jet is missing, on&-jet among the two jets used to build the Higgs boson canglidat
The flavour fractions fowW+jet are determined within the 1-lepton channel (using es/éom the
left sideband of then; distribution), while the flavour fractions f@+jet are determined within the
2-lepton channel (exploiting both the left and righ; sidebands). In both cases, the fractions are
extracted with a fit to the data of the flavour weigbhit@gging discriminator) templates expected
for the different flavour fraction contributions, either ewents with one only-tagged jet, based
on the distribution of the flavour weight of the second jetjroevents wherd-tagging has been
released completely, based on the flavour weight of the fusjets.

After b-tagging is applied, th&V/+jet andZ+jet backgrounds are mostly given by the irre-
ducibleW -+ bb and Z + bb contributions. Apart from the overall normalisation, a §ible mis-
modelling of them; and p¥ distributions has been considered as well: systematiatiams for
these distributions have therefore been derivedWor bb based on the difference among various
models (Alpgen+Herwig, Powheg+Pythia, Powheg+HerwigCa®NLO+Herwig) and foZ + bb
based on the difference between data and Monte Carlo pigticin themy; sidebands of the
signal region.

5. Results

The number of selected data events in the signal region isrsiroTable 3 for each channel
and eacrp‘T’ category. The expected number of signal eventgrigr= 120 GeV is also shown,
along with the corresponding estimated number of backgir@wents. The signal sample has been
normalised to the inclusive NNLO QCD+NLO EW computationff@iential EW corrections as a
function of p¥, that reduce the cross section at high have been applied as well.

The statistical analysis of the data employs a likelihoaacfion constructed as the product
of Poisson probability terms for each channel and egleategory and of then; binned PDF
(probability density function) in the 80 150 GeV region for each category. In order to test the
presence of a signal, the test statistics is constructaat@iog to the profile likelihood ratio, which
is then used to measure the compatibility of the data withbtekground only hypothesis and to
derive exclusion intervals with tHelLs method.

The analysis sensitivity depends crucially on the backgdoshape and normalisation uncer-
tainties in the signal region. The main background norraibs uncertainties are induced by
theory modelling uncertainties, dominated by We-jet andZ+jet modelling uncertaintyAB ~
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Table 3: Number of data, simulated signal, and estimated backgreueats in each bin g8V for the 1-, 2-
and O-lepton channels [4].

2-lepton 1-lepton O-lepton
bin pY [GeV] pY [GeV] pY [GeV]
0-50 50-10¢ 100-20¢ >20d|  0-50 50-10Q 100-200 >20q| 120-16¢ 160-20¢  >200

Number of events for 8. my; < 150 GeV |

signal [1.3+0.1{1.8+ 0.21.6+ 0.20.4+ 0.1|5.0+ 0.65.14+ 0.63.7+ 0.41.2+ 0.2|2.0+£ 0.21.2+ 0.]1.5+ 0.2
top 17.4 24.1 7.3 0.2 229.9 34271 201.3 8.2 35.2 8.3 4.1
WH+jets — — — — 285.9 193.4 85.§ 17.5 13.2 7.8 4.8
Z+jets 123.3 119.9 55.9 6.1 11.1 10.5 2.8 0.0 31.5 11.9 7.1
diboson 7.2 5.6 3.6 0.7 12.4 11.9 7.8 1.4 4.6 4.3 3.6
multijet — — — — 55.5 38.2 3.6 0.2 — — —
total BG148+ 10 150+ 6| 67+ 4(6.9+ 1.2|596+ 23598+ 16302+ 10 27+5|| 85+8 32+3 20+3
data 141 163 61 13 614 588 271 15 105 22 25

1-15%), by theb-tagging uncertaintyAB ~ 1—7%), by the limited statistics in thg,; sidebands
and top control regiond\B ~ 2 — 5%) and jet related uncertaintieBR ~ 2 — 12%), resulting in a
total background uncertainty ef 3— 20%, where the exact value depends on the channep\é\nd
category considered. The total signal uncertainty, dotathéyb-tagging, jet and theory related
uncertainties, ranges from 9% to 17%, depending again amehandp¥ category.

The resulting exclusion limits are listed in Table 4 for eablannel and for the combination
of the three channels. The limits are expressed as the meuttighe SM Higgs boson production
cross section which is excluded at 95% CL for each value oHiags boson mass.

Table 4: The observed and expected 95% CL exclusion limits on the $Higson cross section for each
channel, expressed in multiples of the SM cross section ametidn of the hypothesized Higgs boson
mass [4].

Mass | 2-lepton 1-lepton O-lepton Combined
[GeV] | Obs. Exp.| Obs. Exp.| Obs. Exp.| Obs. Exp.

110 | 77 60| 33 42| 3.7 40| 25 25
115 | 77 62| 40 49| 36 42| 26 27
120 | 104 80| 49 59| 48 50| 34 33
125 | 116 91|55 75| 73 6.0]| 46 4.0
130 | 144 116] 59 9.2]103 76| 55 49
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