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1. Current results

At a mass of~ 125 GeV, the standard model (SM) Higgs boséh (s expected to decay
predominantly into a bottom-antibottom quark pair. Thearbation of the Higgs to b-quarks
decay Hbb) is thus crucial in order to provide constraints on the refrthe newly discovered
boson [1, 2]. TheHbb is currently analyzed by both the ATLAS and the CMS experitsémtwo
different production channels, in association either waitiveak vector bosorV( with V=2,W*
(VH), or with a t-quarks pairtf{H). At present, the data collected at the center-of-massggner
\/S=8 TeV are only partially analyzed, and the complete resuktsexpected soon.

1.1 Search for aHiggs boson produced in association with a vector boson and decaying to
bottom quarks (VH)

For the current most up to date results [3, 4], both the erpents analyze a sample consisting
of ~ 5 fb~! of data at,/s=7 TeV, and~ 12— 13 fb~! of data at,/s=8 TeV. The decay channels
analyzed ar@H — vvbb, WH — ¢vbb andZH — ¢+¢~bb, characterized by final state topologies
with zero, one or two leptons, besides the two b-jets frontHhdecay. Different triggers and event
selection are applied for the three possible final statesrdar to maximize the sensitivity, events
are further divided in different categories, depending lun transverse momentum of the vector
bosonpr (V). The main backgrounds for this search Zre b-jets,W + b-jets and top events; they
are modeled with simulated samples and their shape andayielthen checked on datantrol re-
gions, properly defined in order to be enriched in one of the baakgidopologies, while depleted
in signal events. The CMS experiment applies a multivargaialysis (MVA), while the ATLAS
experiment performs a cut-based analysis. In order to&xtine signal strength for a given mass
hypothesis, both the experiments perform a fit from simottato data of the MVA distribution
in the CMS analysis, and of the di-b-jet invariant mass inAEAS analysis, respectively. The
systematic uncertainties on the signal strength, mairdyed to the b-tagging efficiency and to the
limited amount of the simulated events used to mimic the gantknds, are treated as nuisance pa-
rameters in the fit. Upper limits (ULs) at the 95% of confidelese! (CL) are set on the production
cross section normalized to the SM expectation. The obdexnd expected ULs for a Higgs mass
of 125 GeV are 2.45 and 1.15 times the SM prediction for the G&ysis [3], and 1.8 and 1.9
for the ATLAS analysis [4] , respectively. This search isréfere quite near to the SM sensitivity,
with an excess of signal events corresponding to a locaifgignce of~ 20 for the CMS analysis.

1.2 Search for a Higgs boson produced in association with at-quarks pair and decaying to
bottom quarks (ttH)

The data analyzed by the two experiments in the current npogi date results are different:
the CMS experiment uses 5 fb~! of data at,/s=7 TeV, and~ 5 fb~! of data at,/s=8 TeV [5],
while the ATLAS experiment analyzes only 5 fo~! of data at,/s=7 TeV [6]. This search con-
siders final states where, besides kheb decay, the two top-quarks decay iMo+ b and the W
bosons decay either both leptonically, or onéto,/~v and the other one tqq. The events are
thus characterized by one or two high-leptons, large missing transverse energy, and high jet
and b-jet multiplicity. Jet multiplicities are used in orde subdivide the events into different cat-
egories and variable signal sensitivity. The dominant gemknd in the regions with the highest
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signal sensitivity is due tti+jets events, and it is mainly irreducible. All the backgrdicontribu-
tions are simulated and checked by usiogtrol regions on data. In order to discriminate between
signal and background, the CMS analysis is based on an MV¥oaph, while the ATLAS analysis
on a cut-based one. The signal strength for a given massHhsgistis extracted from a fit from
simulation to data, performed simultaneously to all thegaties, of the MVA output distribution
in the CMS analysis, while in the ATLAS analysis of the didt-jnvariant mass distribution, after
kinematically reconstructing thi¢ system, in the two highest signal sensitivity categoriesl, t@
the scalar sum of (jet) for all the others. The systematic uncertainties @ndignal strength are
treated as nuisance parameters in the fit. No statisticigityficant signal is found over the back-
ground expectations, and 95% of CL ULs are set on the pramuctioss section normalized to the
SM expectation. The observed and expected ULs for a Higgs wfas25 GeV are 5.8 and 5.2
times the SM prediction for the CMS analysis [5], and 13.1 40 for the ATLAS analysis [6],
respectively.

2. Critical itemsfor higher energy and luminosity

2.1 Theoretical predictions

The measurement of thebb yield, in all its different production channels, is still itgifar
from the precision measurements regime. The current theareredictions have instead already
reached this precision for théH andttH production mechanisms, including NLO or NNLO cal-
culations not only for the inclusive cross section but atscsbme of the most important differntial
variables [7, 8] [9, 10] [11] [12] [13] [14, 15, 16] [17, 18] 91 20]. For this reason the theoretical
uncertainties on the signal cross sections are not thaigniactor for theH bb studies, as long as
the calculations performed at-78 TeV will be performed also for the LHC high energy expected
in 2015 of~ 13 TeV.

On the other hand the experimental measurement is oftetetirby the large uncertainties on the
background predictions. In the various ATLAS and CM®b analyses, normalization correc-
tions or differential corrections are applied to the SM sses that are predicted from simulation.
Normalization corrections are applied as simple scalefagiSF) to the background yields, while
differential corrections are typically implemented witleat weighting.

This kind of corrections often are affected by large systemancertainties that, in prospects, will
be a limiting factor in the analysis sensitivity. Both the &#&d the weight functions are typically
computed incontrol regions of the phase space that are expected to be signal depletedexth
trapolation of the measured SF or weight function to theaigmriched phase space regions is
done assuming that the same correction be valid in both megidhis procedure is affected by
sizable uncertainties, as there is no direct way to checkhendghe simulation is mispredicting
the background component in the same way in the two regiamsorne cases there is not even
the possibility of defining signal free control regions andeysimulation predictions are used with
huge systematic uncertainties.

The event weighting techniques are typically used gerspectrum correction oV/Z + jet or
tt + jetsbackgrounds, while significant SF are observed for examyilesi case ofV /W +1b— jet
process. In the case of thigob irreducible ttH background there is no clean control region to
compute a correction in ATLAS and CMS analyses, and an wamiogytof 50% is ascribed to the
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simulation prediction of these background.

Some of the largest deviations observed between simulptigiiction and measurements on data
are for processes dominated by, or involving in large pa#, dluon tobb splitting process. At
the parton level, gluon splitting (GSP) is typically definasithebb production where one of the
two b is soft or where the twd are collinear. This phase space is difficult to calculateen p
turbative QCD and it is handled in LHC simulations by the sbedaparton shower generators.
Typically only one of the two b-quarks is detected in the ekpent as a b-jet, either because the
second is too soft or because the hadronization of the twaabkg largely overlaps producing a
single jet. Deviations up to a factor of two for this procesasee measured by both ATLAS and
CMS [21, 22, 23].

The large mispredictions in GSP can be a limiting factor f@raple in theitH analysis, where the
number of jets and number of b-tag counting is used to defmelifferent regions and a global fit
of the yields is used, as explained in one of the previousaect Indeed, for example, the ratio
of the “4jets - 3 tag” to the “6 jets - 4 tags” of thie+ b(b) background yields can be mispredicted
by the simulation, because of underestimated GSP, and ¢haldit could then be wrongly con-
strained.

2.2 Limitationsfrom systematic uncertainties

The current ATLAS and CMS analyses foH andVH productions, witiHbb decay, are heav-
ily relying on simulation to predict the SM processes sucHidgson productiortt, W/Z + jets,
single top, etc. In order to have a precise prediction, a mugeber of simulated event was needed
for 2012 analyses (as an example, the Clt$ analysis alone processed about half a billion data
events and used a similar amount of Monte Carlo generatedlation events). Despite the large
number of MC events available, the systematic uncertaimtissing from statistical uncertainties in
the simulated samples are among the largest ones. Thosdaimibes are going to become a lim-
iting factor when, with higher luminosity, the statistiaaicertainty of the data will shrink. There
are a few possibility that the experiments will need to itigede in the next years to overcome this
problem. One option is to further increase the statistioslgy of the simulation, either with more
events or with better phase space slicing, but this will pbityp require more computing power, in
particular when considering that higher energy and higlileryp events take longer to be fully
simulated. It should also be noted that not all generatdosvahis kind of slicing. Another possi-
bility would come from a completely data-driven backgrowgstimate, similar to what is done in
the Higgs to diphoton searches [24, 25]. In this case the prainlem come from the much worse
mass resolution, compared to the diphoton analysis, ggdsiiding to a large systematic uncer-
tainty depending on the functional shape chosen for thedvaakd fit. This technique is usable
with the large data statistics that will be available in the+ow boost regionsi(e. ~50-100 GeV)
of theVH analysis.

2.3 Signal and background cross section scaling

An important factor to take into account is the scaling ofgtheduction cross section with the
LHC /s. In particular, theét background increases witjfs more than th&H signal cross section,
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while it increases less than thi#d one. The higher energy regime will then change the S/B of the
differentHbb modes, possibly changing also the relative importancegrim of sensitivity, of the
various channels. For example, WH — lvbb and theZH — vvbb have a larget background
contribution, while theZH — I1bb analysis is less contaminated by this background. Cuyr&msl

ZIl mode, due to lower cross section, is less sensitive tha¥ ithehannels, but the reduced S/B
in the other two modes can change the picture. SimilaritttHemode, penalized by the very low
cross section at # 8 TeV, is expected to have a performance boost &8 TeV.

2.4 Event selection and reconstruction

The higher number of collision per beam crossing (pile-wpg$een for the future LHC runs
will be another challenge for thebb search, as for most data analyses at the LHC. The higher
pile-up, but also the higher center-of-mass energy, is@rpeo increase the rates of the triggers
currently used for the Higgs to b-quarks search. Some ogtlrigggers could become non sustain-
able and the raise of their thresholds could be needed. WeceKpe most critical triggers to be
those ofZH — vvbb where the missing energy signature of fhis exploited.

In term of offline reconstruction we can identify as critid@ims the b-tagging and jet energy res-
olution in the new environment, the removal of pile-up j&® missing energy resolution and the
lepton isolation used to keep multijet backgrounds undatrob

An additional topic that should be reconsidered for the @igtnergy running is the one related
to jet substructures [26]. The jet substructure technicurescurrently being studied in the two
experiments but so far no striking improvement using suchrtejues was reported by ATLAS or
CMS. The substructures method was considered to be pdkgitdpful producing a better mass
resolution and being able to distinguish the two b-jets at gh Higgs boost. Different substruc-
tures algorithms have been tested in new physics searchasiitg jets with energy of several
hundreds of GeV, but the currently explorkldbb phase space was not yet entering such fgh
regime. With higher/s and higher integrated luminosity we expect to start pomdathe region
above~ 400 GeV of Higgs boost where jet-merging could become arei$sua simple di-jet
analysis. A key role could then be played by the substrudtaienique and is being studied by the
two collaborations.

3. Conclusions

We presented the current state of CMS and ATLAS analysestsagrfor Higgs decay to
b-quarks. While the final results on 2012 data taking are @eplein the next months, we already
started looking ahead for the next LHC running. Although ¢herent precision of the measure-
ment of theHbb production is largely dominated by the statistical undaetims, the major source
of systematic limitations have been presented. Critieah#f, on which the experiments and the
theorists should focus they efforts towards precision mmeasents, have been reviewed.
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