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1. B-physicsat the LHC experiments

The Large Hadron Collider is a gigantic machine designealiade protons or lead ions at a
center-of-mass energy of up to 14 TeV with high luminositiie Totalbb production cross-section
from the 14 TeV proton-proton collisions is assumed to be BBDOATLAS [1] and CMS [2] are
two general-purpose experiments which are designed tatpall the way up to the maximum
available luminosity of 18 cm~2s~1. Both detectors cover the central rapidity regiay, ¢ 2.5
for tracking B decays. In view of trigger rates and pile-uygg initial running period will be most
feasible for B-physics in these two experiments. The LHGIeexnent [3] is dedicated to bottom
and charm physics, with a forward single-arm spectrometeering 19 < n < 4.9. Itis designed
to perform B physics throughout its lifetime at an averageifhwosity, L = 2<10%? cm?s ™1,

The bunch crossing rate of the LHC will be 40 MHz. Trigger syss$ in the ATLAS and
CMS detectors will reduce the event rate down to 200 Hz andlit#@b triggers will reduce it to 2
kHz. For most of the di-muon decays of B particles in ATLAS &MS, low pt muons are first
identified by the hardware based level-1 triggers and therwents are fully reconstructed by the
software high level triggers. In LHCb the hardware triggexsonstruct larg&r hadrons, electrons
and photons as well as higi muons. Optionally pile-up events can be vetoed with the betpe
vertex locator. The software high level triggers furthdesetracks with highpr or large impact
parameter and events with fully reconstructed charm oobottadrons.

Shortly the LHC will enter its initial running stage with tleenter-of-mass energy up to 7
TeV. At the very beginning, well known B-decay events areéropt candidates for understanding
the performance of our detectors. Later measurements gbrtbaiuction cross-sections of the
heavy quarkoniaX/y andY) and B hadrons will provide sensitive tests of QCD predictiat the
LHC energy scale. It is also expected to study the propesfiése B hadron family B*, B, BS,
Be, Moy = zg, Q,, etc.). Further, the high energy and high luminosity of ti¢Q will allow
for the precise measurements of those weak decays of Biledvbich are sensitive to various
possible effects caused by physics beyond the StandardIMaidect searches of rare decays (e.g.
BY — u*u~) will also be performed.

The focus of this paper is the feasibility of measuring B ladproperties in the ATLAS,
CMS and LHCb experiments. Some of the investigations basddante Carlo samples will be
presented in the following sections.

2. BT — J/YK™* with early data

Because of the large production rate, Bie— J/(K* decay is expected to be one of the first
fully-reconstructed B decays observed at the LHC. The nlifstiine and production cross-section
of BT will be measured with this channel in ATLAS, CMS and LHCb. Bles, the well knowrB™
mass and lifetime can be used for detector calibrationnai@nt and other performance studies. It
is also considered as a reference channel for some otheragslso that it can be used to estimate
the systematic uncertainties and efficiencies of flavougitagalgorithms.

Measurements of the total and differential production rsection as well as the lifetime from
theB™ — J/WK™ channel have been studied in ATLAS. The di-muon triggelaslet for this work
requires one muon withr > 4 GeV and the other withy > 6 GeV. The study was performed with
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a fully simulated sample of inclusivieb decays corresponding to 10 pbof data at 14 TeV [1].
The total cross-section is determined from the events teeleaffline in the regiorp? >10 GeV,
using a maximume-likelihood fit to the invariant mass disitiobn. The differential cross-sections
are retrieved separately in 4 bins pf using the same fitting procedure. The results show that
with the first 10 pb? of integrated luminosity the total production cross-s@titan be measured
with a statistical precision better than 5% and the difféegrtross-section can reach a precision
around 10%. The dominant systematic uncertainties arecteghéo come from the luminosity and
branching ratio. On the other hand, the lifetimeBdf is extracted from a simultaneous fit to the
proper decay length and the invariant mass of the reconstiu® candidates taking into account
the per-event proper decay time error. It is shown that fieérfie resolution could reach 0.088 ps
with the first 10 pb? of data.

CMS has investigated the sensitivity of measuring the wfféal cross-section @&* and the
lifetime ratio betweerB™ andB° with the first 10 pb?! of data for the 10 TeV scenario [4]. The
events are first selected by a di-muon trigger requesting batons withpr > 3 GeV. A two-
dimensional fit to the invariant mass and proper decay lenfithe reconstructed B candidates
is applied in 7 bins op to derive differential cross-sections. The lifetimes fr&mh — J/@K™*
and B — J/yK*® are determined with similar fits in both samples in the rapge> 9 GeV.
The differential cross-section has been measured withtiatgtal precision of less than 10% and
systematic uncertainties are mainly from the luminositd &nanching ratio. Uncertainties due
to detector misalignment and lifetime resolution cancehim lifetime ratio ofB* to B?, thus its
precision is dominated by the statistical uncertainty of 5%

BT — J/YK™ is also a control channel to calibrate the opposite-sidetiataggers for CP
measurements in tied — J/ @ channel. For instance, in LHCb, events are required to padsi
trigger and cover the same phase spad@las J/@@. After the trigger and offline selections, the
total efficiency is found to be 2.6% and the event yield forBie— J/@K™ channel is 942,000
corresponding to an integrated luminosity of 2 ¥b The combination of results from opposite
side taggers in LHCb gives an effective tagging efficieaby= 3.4 &+ 0.1%, compatible with the
efficiency from theB2 — J/ e study [5].

3. B2 and BY with early data

The decay o8J — J/(¢ is one of the promising channels at the LHC. Precise measuntsm
of the parameters from the two weak eigenstates irB@uaB_g system such a&mg and Al ¢ will
be valuable inputs for improving our knowledge of the eletaaf the CKM matrix. In the Stan-
dard Model, the CP-violating weak phase is predicted to g senall (of the order of 0.03). So
observing an enhanced CP asymmetry would be the sign forgshlysyond the Standard Model.

ATLAS will start with basic measurements of B masses andiiifes from the earliest data.
The decay oB? — J/Wwo will provide sensitive tests of the tracking system afte® p&! of in-
tegrated luminosity [1]. A similar analysis will also be figmed for the control channeEig —
J/WK*0 after 10 pbr! of data because of its larger cross-section. Studies frenfully simulated
samples have shown that the statistical precisions of 10%eftifetimes ofB2 and Bg can be
achieved at the early stage. Meanwhile the seIf-tagging;dB@ — J/WK*® will be used to cali-
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brate the jet charge tag which will serve for flavour taggin@d— J/@@. The invariant mass and
decay time distributions for the reconstruc@levents are shown in Fig. 1.
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Figure 1: Distributions of the reconstruct&®f mass and decay time expected with 150 bim ATLAS.

In CMS, measuring the width difference in tBg system with untaggeB? — J/ g decay has
been tested by analyzing the time evolution of the full aagdistributions [2]. A first measurement
of the relative width differencArl /T s undertaken with 1.3 fb* of data could yield an uncertainty
of 20%. More advance®l — J/(¢@ measurements starting from 10-foin both ATLAS and
CMS are presented in a dedicated document in current primgeed
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Figure2: Distribution of the proper time residual for the de®§/— J/ @ in LHCb.

LHCb will also perform the measurement&ff anng decays with early data. For the channel
BY — J/ye, the average proper time resolution is expected to be 38ds ZF[5]. A full physics
program for this channel in LHCb is described in a dedicatecuchent in current proceedings.
As mentioned in the first section, the LHCb triggers applyscom the impact parameters and
transverse momenta of tracks, so the hadronic channelsr $téim the lifetime bias introduced
by the hadronic trigger. A lifetime fit method taking into acot the trigger acceptance has been
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developed and well tested WiBﬂ — D~ (- K*)m" [6]. This benchmark channel is intended
for comparisons with other channels that are sensitive ¥o pigysics. The result shows that a
precision of 0.009 ps on tlﬁg lifetime could be reached with 2 f3 of data.

4. B properties

The B meson is a bound state of bottom and charm quarks. Because lmdirie flavour,
it is constrained to decay weakly, offering a unique windawooheavy quark dynamics. The
mass is predicted over a large range by non-relativistiemi@l models, perturbative QCD and
lattice QCD. The ground state has been observed througheggamic and hadronic decays at the
Tevatron [7, 8]. At the LHC, the expected large productiae raill allow us to test the theoretical
models through precision measurementBgbroperties. For optimal mass resolution, the hadronic
decayB; — J/yris selected in order to minimize dependence of the analysia the calibration
of the calorimeter in the early data taking era.

In LHCb, the total reconstruction efficiency f8 — J/ym including trigger efficiency was
found to be (1.0 0.02)% [9, 10]. In the signal region of M{) = 80 MeV, the ratio of back-
ground to signal events is 1 to 2 at 90% confidence level. Asgyithe total production oBf
is 0.4 ub and the branching ratio of this hadronic decay is1.30~3, one can expect about 310
signal events from 1 fb* of data. TheB. mass is extracted from a fit to the mass distributions
of the fully simulated signal sample and the standalone Isited background sample as shown in
Fig. 3(a). The result is 639% 1.7 MeV with a resolution around 17 MeV, in agreement with the
input value of 6400 MeV in the generator. To reduce dependefilifetime precision orpr (BY),
the samples were divided into twgy (B}) bins, 5-12 GeV and beyond. Event selections were
re-optimized individually and a combined mass-lifetimenfis applied simultaneouly in the two
pr(B¢) intervals. The lifetime obtained from the fit is 0.4380.027 ps, consistent with the input
value of 0.46 ps.
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Figure 3: B mass measurements in the LHCb and CMS experiments.
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In CMS, the signal sample was produced with the cross secfitrv8 pb after kinematic cuts
applied [2]. After the offline selections, the numberByf— J/ 1 events is expected to be 120
for 1 fb~1. In Fig. 3(b), a fit to the mass distribution predicts a meaneaf 6406 MeV with
the resolution of 22 MeV. The result from a fit to the properaletength with a fixed resolution
is 148.84+ 13.1 um. With the first fr! data CMS is expected to measure Bemass with an
uncertainty oft 22.0(stati 14.9(syst) MeV and the lifetime with: 0.044(statit 0.010(syst) ps.

In ATLAS, the plan is also to retrieve the mass fr@n— J/ym after 1fo-t. Once sufficient
statistics have been accumulated, the work will move onti@mekmass differences between excited
and ground states which could be the constraints for theesbfagtrong potential models.

5. N\p properties

The Ay is the lightest B baryon that has drawn a great deal of intefHsere are still many
puzzles and questions involved witly such as the direct search for CP and Time Reversal asym-
metries, polarization, weak radiative decays, lifetimemgement and so on.

ATLAS has studied the measurements of the polarization hadparity-violating parame-
ter ap, for the decay of\, — J/(utu")A(prr ). The QCD calculations predict rather small
polarizations on both b and s quark. However, when compardtet observed\ polarization,
these predictions are found to be an order of magnitude t@dl $bi]. So a significant polariza-
tion of A, might be observed and could be a sign for new physics. Theureagnt of theay,
parameter could be used to test factorization models arndrpative QCD. In order to test the sen-
sitivity of measuring certain spin properties &f in the ATLAS detector, a Monte Carlo sample
of Ap — J/P(u* U~ )A(prr) was generated with a polarization of -25% and then fully $ited
with the ATLAS geometry [1]. The overall selection efficignincluding the di-muon trigger is
around 6.1%. With an integrated luminosity of 30°tbit is expected to observe 13000 signal
events. From the full decay angular distributions, the fimddion and seven complex helicity am-
plitudes which are related t, could be obtained. Figure 4(a) shows the mass distribufien a
offline selections and Fig. 4(b) shows the fit result from teeay angular distributions including
statistical and systematic uncertainties. It confirmsfibigbolarizations up to 25%, a measurement
with a statistical uncertainty of a few percent is affirmatwith 30 fo* of data.

In LHCDb, the overall efficiency for\, — J/@(ut = )A(pr) reaches 0.57% based on the
Monte Carlo studies [12]. The dominant background is iriekubb pair events and the ratio of
background to signal events is 0.4 at 90% confidence levdlemiorst case scenario. The direct
CP asymmetry is measured by observing the production diftex between\, and A, from the
decays ofA, — AJ/@ and A, — AJ/(. The systematic error is estimated to be 1%. The CP
asymmetry is expected to be weak (4}) whilst an experimental limit of 1.6% is accessible for 10
fb~! of data observed in LHCb. T violation is investigated by ¢amsging T-odd observables in the
decay products. The asymmetry depends strongly on theizatian density matrix. It is forseen
that after 2 fbo! a A\, polarization> 50% could be put into evidence. From 10 fpthe asymmetry
will achieve > 1% and supply crucial proofs for a direct teflsTione Reversal symmetry.
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Figure 4: Measurement of the spin properties/gf from the decay\, — J/@(u™ U~ )A(prr) in ATLAS.

6. Summary

The ATLAS, CMS and LHCb experiments will start to explore Bypics phenomena once the
LHC starts colliding protons. At the early stage, some ofBHeadron properties could contribute
to assess our detector performance. During the main B-physita taking phase, we expect high-
precision measurements of the properties of B mesons agdrsar We also expect some of the
measurements will be sensitive to uncover the effects frbgsips beyond the Standard Model.
More B-physics studies from these three experiments caifdind on the publication pages [13].

References

[1] The ATLAS Collaboration Expected Performance of the ATLAS Experiment, CERN-OPEN-2008-020.
[2] The CMS CollaborationCMS Physics TDR, Volume |1, CERN-LHCC-2006-021.
[3] The LHCb CollaborationThe LHCb Detector at the LHC, 2008JINST 3 S08005.
[4] The CMS CollaborationiMeasurement of Differential Production Cross Sections and Lifetime Ratio for Exclusive Decays of
B* and B® Mesonsin pp Collisions at /= 10 TeV, CMS PAS BPH-09-001.
[5] M. Calvi, B. Khanji, G. Lanfranchi, O. Leroy, S. Podsfetime unbiased selection of BY — J/@@ and related control channels:
BY — J/wK*0 and B* — J/@K*, CERN-LHCb-2009-025.
[6] V. V. Gligorov, J. RademackeMonte Carlo Independent Lifetime Fitting at LHCb in Lifetime Biased Channels,
CERN-LHCb-2007-053.
[7] The CDF Collaboration: F. Abe et aPhys. Rev. Lett. 81, 2432 (1998); F. Abe et alPhys. Rev. D 58, 112004 (1998);
A. Abulencia et al. Phys. Rev. Lett. 96, 082002 (2006); T. Aaltonen et aPhys. Rev. Lett. 100, 182002 (2008).
[8] The DO Collaboration: V.M. Abazov et aPhys. Rev. Lett. 101, 012001 (2008).
[9] J.He,Measurement of BCi Mass and Lifetime at LHCb, CERN-LHCb-CONF-2009-013.
[10] Y. Gao, J. He, and Z. Yangudy of the B lifetime measurement using the exclusive decay BY — J/@(utu~)m* at LHCb,
CERN-LHCb-2008-077.
[11] W. G. D. Dharmaratna and G. R. Goldstdiys. Rev. D 41 (1990) 1731.
[12] Z. Ajaltouni, E. Conte, O. LeitneBeauty Baryons at LHCh, CERN-LHCb-2008-005.
[13] ATLAS B-Physics Public Results, https://twiki.cech/twiki/bin/view/Atlas/BPhysCSCPlots
CMS Physics Results, http://cms-physics.web.cern.céfghysics/CMS_Physics_Results.htm

LHCb Publications, http://Incb-doc.web.cern.ch/lhazd



