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A set of results related to the new particles searches in LEi@lreported. Upper limits on the
cross section times branching fraction of neutral Higgobatecaying into two tau leptons have
been set in the model independent search and in the MininparSymmetric Model. Many theo-
retical models predict the existence of the Higgs bosonaydeg into heavy long-lived particles.
The upper limit on their production cross section has be¢grdened for several combinations of
parameters. A measurement of the cross section for the pﬂodwfbb_andcc_ pairs based onin-
clusive final states has been performed in a region of psapitty 2.5 <n < 4.0 and transverse
momentumpt > 5 GeV of theb hadron candidate, resulting m(bk;) =7.7+ 0.12 (stat+ 0.84
(syst) ando(cc) = 104.6+ 2.7 (stat)+ 11.4 (syst). The forward-centrab production asymme-
try, based on the selection of higl jet pairs tagged by the presence of a displaced muon with
high momentum, has been determined td\ﬁé = (0.54 0.5 (stat}t 0.5 (syst))% and\,‘%BC(Mbg
>100 GeV) = (4.3t 1.7 (stat)t 2.4 (syst)).
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1. Introduction

The evidence of a new particle produced in proton-prototisiohs with a mass of about 125
GeV, has been reported recently by ATLAS and CMS collabonati[1].

The LHCb experiment [2], fully instrumented in the pseughadély 2 < n < 5, is able to access
the low pr region and may test models with enhanced forward productModel-independent
together with model-dependent (Minimal Supersymmetricd®ldMSSM) [3] Higgs) limits on a
Higgs boson cross-section times branching fraction intotau leptons are presented in this report
in Sect. 2. There are many theoretical models of new phenarbegond the Standard Model
(SM). Some of them [4, 5] predict massive long-lived paescivhich can be produced in the Higgs
boson decay. Due to the long length of the LHCDb vertex det€@ii6LO) and its excellent tracking
capabilities, the LHCb experiment is sensitive to suchiexmrticles. Preliminary limits on their
production cross sections are presented in Sect. 3.

The measurement of the inclusitbeand ¢ production rates from QCD processes is crucial
to understand the background in searches for massive Ipartiecaying intd quarks, such as
the Higgs boson or new heavy particles. The preliminary £sesction measurement is presented
in Sect. 4. Finally, in Sect. 5, the preliminary measurenwdrihe forward-central asymmetry in
the bb production is described. It may provide useful informattorconstrain the models which
attempt to understand the top-quark forward-backward ycbon asymmetry [6].

2. Limits on neutral Higgs boson production in the forward region

Limits on the production of a neutral Higgs boson decaying two tau leptons in the forward
region are reported based on data collected by LHCb in 204 tentre-of-mass energys="7 TeV,
corresponding to an integrated luminosity of about 1.0-§7]. Candidates have been identified by
reconstructing five categories of exclusive final statggy,, T, Te, TeTy, Ty Th andTeTh, Where the
subscripts denote muopy), electron €) and hadronlf). The selection is based on high leptons,
where thepr of the first tau decay product has to be above 20 GeV, whilehiersecond particle
above 5 GeV. Each pair of tau decay products must be appreedyrizack-to-back and each track
must be displaced from the primary vertex (PV). Leptons agelired to be isolated and to haye
between 2.0 and 4.5, while for hadronss required to be between 2.25 and 3.75. The combined
invariant mass of the track pair must be greater than 20 Ge¥ddition, for the di-muon final
state thept asymmetry must be above 0.3, while in order to suppress thetdlecays o bosons
into two muons, the muon pairs with invariant mass betweear&@0120 GeV are excluded. Six
background components have been considered: 1T, (ii) hadronic processes (QCD): leptonic
b- or c-hadron decay or misidentified hadron, (iii) electrowealiqesses, where one decay product
candidate originates from\& or Z boson and the other comes from the underlying eventtijv)
(V) WWand (vi)Z — II, wherell indicates electrons or muons. For the- 17, Z — |l and QCD
backgrounds both invariant mass distribution and norratibn have been determined from data.
In the case of QCD backgrounds same-sign leptons have been 8snall contributions frortt
andWW production have been taken from simulation.

The SM cross section has been taken from [8], while in the cB8SSM, the scenario with
maximum Higgs boson mass has been considered, where tleesgrctions and efficiencies have
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been taken from gluon-fusion and associehl;qbroduction mechanisms. The upper limits for both
model independent and MSSM Higgs boson production have balenlated using the method
in [9] at CLs = 95%. The upper limit on the cross-section times branchragtion of a model
independent Higgs boson decaying to two tau leptons witkk20< 4.5 is shown in Fig. 1(left),
while the upper limit on tafi for the production of neutral MSSM Higgs bosons, as a fumctib
the CP-odd Higgs boson mas,, is plotted in Fig. 1(right).
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Figure 1: (Left) Model independent combined limit on cross-sectimnes the branching fraction for a
Higgs— 171~ at 95% CLs as a function of the Higgs boson miks. (Right) The combined MSSM
95% CLs upper limit on taf as a function oMM, compared to ATLAS (dotted maroon and dot-dashed
magenta), CMS (dot-dot-dashed blue and dot-dot-dot-disfen), and LEP (hatched orange) results.

3. Search for Higgs-like bosons decaying into long-lived @tic particles

The analysis has been performed using datg/st= 7 TeV collected during 2010, corre-
sponding to an integrated luminosity of 35.8 #[10]. Hidden Valley models (HV) [4] as well
as supergravity models with a barion number violation (BS)gredict the Higgs boson to decay
into the combinations of massive long-lived particles (.bhich may decay intdnt?pairs (HV)
or three quarks (BV). Therefore, the analysis is based oornskery vertices displaced from the PV
and the beam axis. At least one PV with radial distance to #aerbaxis below 0.3 mm and track
multiplicity greater than ten is required, together wittotbl P candidate vertices, each having at
least six tracks and an invariant mass larger than 6 GeVeSime crucial source of background
comes from particles that have interacted with the matefithe VELO, LLP candidate vertices
are required to be in a fiducial volume defined to exclude VEE@ssrs and RF shield. In absence
of radiative effects the two LLP’s are expected to be almaskko-back in the transverse plane,
thus only the pairs of LLP candidates wiftp > 2.8 rad are combined to form a parent (Higgs)
candidate.
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The shapes of the distributions of single LLP candidatesohtite combinations of two LLP’s,
as well as the yields, are compatible with the backgroundigrirom the inclusivebb events.
The main systematic uncertainty comes from the inclusigpldced vertex reconstruction and the
trigger efficiency, estimated by comparing the numbebtpévents with a large flight path in data
and simulation. After the final selection, no event survivethe data. The upper limit on the cross
section at 95% CL using Feldman-Cousins method [11] have baleulated within the BV model
in the sensitivity range covering long-lived particle tifaes from 3 to 25 ps, masses between 30
and 55 GeV, and parent Higgs masses of 100-125 GeV. Higgstieteefficiencies have been
taken from simulation. Preliminary upper limits on the @@ection for the production of a Higgs
boson decaying into LLP’s, as a function of the LLP and Higgsses for a fixed LLP lifetime are
summarized in Table 1.

Table 1: 95% CL upper limits on the cross section for the productioa éfiggs boson, as a function of the
LLP and Higgs massy, for a LLP lifetime of 10 ps. Cross sections are given in pp.p denotes the LLP
mass.

meLp (GeV/c’-)
myp (GeV/@) | 30 | 35|40 48] 55
100 101| 58] 44| 58] -
105 100| 75| 44| 39| -
110 132| 75|56 | 34| -
114 128 | 91| 47 | 32| 46
120 148| 93|58 | 34| 31
125 179|190 | 61| 41| 29

4. Measurement ofo (bb) and o(cc) with inclusive final states

The measurement has been performed using 2010 dafa at7 TeV, corresponding to an
integrated luminosity of 35.8 fb [12]. The selection procedure relies on the reconstructibn
inclusive secondary vertices originating from thdnadron decays. This procedure selects, with
lower efficiency, an inclusive sample of as well. Therefore, théb andcc cross sections may
be simultaneously measured. In the first step inclubive ¢ candidates (defined as 'seeds’) are
identified through the secondary vertex reconstructiomftao or three tracks likely to be a part
of the decay products of b or ¢ hadron. In order to assign the reconstructed seeds to a PV,
only events with exactly one reconstructed PV have been, @setithe corresponding luminosity
has been calculated to be 2.633 pb The b hadron direction is approximated with a very good
precision by the direction of the reconstructed seed, asyt be seen in Fig. 2, where simulated
bb inclusive events have been used. Since pairs of seeds nlazémnuthal angle originate usually
from the samdé hadron, a merging procedure has been applied to recombatecsundidates, if
the invariant mass of all tracks forming the two seeds iswédb GeV. The seed energy has been
calibrated according to the energy of generdidthdron.
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As the trigger efficiency as a function of the seed pseuddiigpis constant at 2.5¢ n <
4.0, this interval has been chosen as a fiducial region of ts@sorement. The total efficiency is
the product of the trigger, offline preselection, seedind &inal seed selection efficiencies, and
it is estimated based on simulateb-inclusive andcc-inclusive samples. It amounts 8.0+
1.1) x 104 for bb and to(1.8+ 0.2) x 107 for cC. The contribution from light quarks is found
to be negligible. The Monte Carlo baseeagging efficiency has been verified using the data
sample ofB® — D7 exclusive mode. The opposite siBds then considered to be representative
of an inclusivebb sample. Contributions frorbb andcc are determined from the fit to a Boosted
Decision Tree Gradient (BDTG) [13] discriminant. The resilthe fit to the data using tHeb and
cc-inclusive templates is shown in Fig.3. The preliminary sweament of the cross section based
on seed pairs witlpr > 5 GeV and 2.5< n < 4.0 is as follows:

o™ — 7.740.12 (stap + 0.84 (sysh b (4.1)

and
0% = 1046+ 2.7 (stah + 11.4 (sysh ub. (4.2)

Extrapolating thebb cross section (4.1) to the full LHCb acceptance, the valug®8f= 79.7 +
1.2(stat)£8.7(syst) ub is obtained. It is compatible with the previous LHCb measwnt based
on exclusive decay channels [14]. The main systematic taiogr comes from the size of the
simulated sample used and the integrated luminosity.
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Figure 2: Resolution in (a}p and (b)0 for the seed measured as described in the text for eventowih
hadron and one reconstructed seed.

5. Measurement of the forward-central kb production asymmetry

The dataset used for this analysis has been taken at a cdntrass energy of 7 TeV, which
corresponds to an integrated luminosity of about 1.0-45]. Events are selected based on high
pr jet pairs (jetpt > 15 GeV), where jets are in theregion between 2 and 5 and are approximately
back-to-back A¢j; > 2.5 rad). The jet reconstruction uses the &atialgorithm with a radius
parameteR = 0.5, where the input is a collection of tracking and cal@ien information used to
build unique particle objects. The jet energy correctioocedure accounts for out-of-acceptance
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Figure 3: Response of the BDTG (defined in the text) for data (black)dittsd with shapes evaluated from
simulatedbb (red dotted line) andc (green dashed line) events. The fit result is indicated bydtid blue
line.

particles, calorimeter response, noise and pile-up, aderised using simulation. It is validated
by comparing thept balance of events with Z and a jet in data and simulation. The jet energies
are corrected and the resolution on the di-jet mass is (J%20Measuring the forward-central
asymmetry.(\k;%) requires that two jets afetagged, based on the identification of 2-, 3- or 4-track
vertices significantly displaced from the PV and compatibith b-hadron decays. In order to
establish if the jet originates from the or B-quark hadronization, one of the jets is required to
contain a displaced track identified as a muon. The purityushddentification is validated by
using data samples, where onguark is found from fully reconstructel — J/@K or B — Dt
decays.

The Ay distributions for all events and, separately, only for thagith a measured/,; >
100 GeV are shown in Fig. 4. The resolutionAg of about 0.1 has negligible effect on the final
AE% The asymmetry is measured separately for the two polardfethe LHCb dipole magnet
and the arithmetic mean of these two measurements is cdduld@he preliminary result on the
asymmetries corrected for the flavor-tagging impurity is:

AL — (0.5 0.5 (staf + 0.5 (sysh)% (5.1)

and
AL, (M5 > 100GeV) = (4.3+ 1.7 (stah & 2.4 (sysh)%, (5.2)

where systematic errors include the uncertainties on therflaagging purity and possible detector
asymmetry. It should be stressed thg}; is not corrected for detector resolution (not unfolded).
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