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1. Introduction and LHCDb

Theb production cross-section at LHCb with a center-of-massggnef 7 TeV is predicted
by Quantum Chromodynamics (QCD), and the measurement &fptheduction cross-section can
be compared to the theoretical predictions to scrutiniz&®Q@oreover, knowledge of the yield of
B mesons is needed to ascertain the sensitivity in many merasmts involvingd meson decays,
such a<CP violation. In these proceedings theroduction cross-section is reported as measured
with two methods, involving different final states, namegms-leptonicB decays and inclusive
b — J/YX decays. In addition, measurements of the ratio of fragntientdractions f,, fq, f,
which describe the probability thattaquark will fragment into &8y meson (wherey = u,d, s),
are presented. Knowledge of the rafig/ fy is crucial to determine alBY branching fractions
at the LHC. The rare deca§l — u*u~ is the prime example where the uncertainty fajifg
will determine the sensitivity for the search of New Physidsvo determinations of the ratio of
fragmentation fractions are presented, involving seipidric B decays and the exclusive hadronic
decaysB® — DK+, B? — D~ mr"andB? — Dg .

In 2010 the LHCb experiment accumulated a data set thatsmorals to a luminosity of about
38 pb L. The measurements presented here use early data collgctddiGb at various stages of
the data-taking period in 2010. The LHCb experiment is alsilmgm spectrometer, designed to
studyB decays at the LHC, covering the pseudo-rapidity rang§e<ln < 4.9. The LHCb detector
is optimized to select and accurately measunadrons that fly on average 7 mm with a (transverse)
momentum of about (5) 100 GeV. The trigger system allows lecsevents wittB decay products
at the lowest trigger level (LO) with low transverse momenjfwpr > 1.2(3.6) GeV for muons
(hadrons). This reduces the LHC bunch crossing rate of 40 Blid¥en to 1 MHz. Subsequently,
the full event information is shipped to a dedicated CPU famimere the high level trigger reduces
the rate to 2 kHz. A good tracking system is essential to deéter the proper lifetime of th&
mesons and to accurately determine the momentum of its qeoaycts. The tracking system is
divided in a silicon detector close to the interaction regfd ELO), a 3.7 Tm dipole magnet, and
a tracking system behind the magnet. To distinguish its &tetes accurately (such Bg m and
D*K™), LHCb is equipped with two Ring Imaging Cherenkov (RICH}adgors, before and after
the dipole magnet. The calorimeter system enables thetieglexd hadronicB decays at the lowest
trigger level, and in addition provides particle identifioa for photons, electrons arm® mesons.
Finally, the muon spectrometer identifies and selects mhbotisin the trigger and offline.

2. Measurement of b Production Cross-Section

2.1 Semi-leptonic b-decays

With the first data collected by LHCb in June 2010, corresjiagntb an integrated luminosity
of 12.2 nb'1, theb production cross section was determined using the chamreD®X p~v (with
DO — K~ ") [2] with branching ratios of B4+ 0.35% and 389+ 0.05%, respectively.

First, the charged kaons and pions are selected on the Balséirdikelihood using the associ-
ated Cherenkov photons in the RICH system, and with a trasswaomentunpr larger than 300
MeV. The two tracks must be compatible with originating francommon vertex witly? < 6. A
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Figure 1. The b production cross-section is compared to theoreticadigtions.

muon withpr > 500MeV is matched to thB® meson by requiring that they originate from a com-
mon vertex withy? < 5. TheD®u~ invariant mass is required to be between 3 and 5 GeV, consiste
with originating from a partially reconstructdmhadron. An unbinned two-dimensional likelihood
fit to the K~ 7" invariant mass and the logarithm of the impact parametenebf i~ -pair allows
the extraction of thév-yield. The background from falskk ~ " combinations is obtained from
the D%-sidebands, whereas the shape of the probfpyield is found by combining th&®° with
a random track failing the muon identification criteria. Tgreduction cross-section éfhadrons
(Hp) is determined as follows:
N(D%uu~) + N(Du*
o(pp— HpX) = 2.$£BR(b—(> DI;XL+\7)(BR(LIIDO)—> Ry = 153545130, (21)

The first error is statistical and the second error is systiemahich is dominated by the uncertainty
on the tracking efficiency (10%) and the luminosity detemtion (10%), followed by the uncer-
tainties in the branching fractions. In the extraction af ttross-section the LEP fragmentation
fractions were used, which adds an additional 4.4% to tred syistematic uncertainty. Using an
extrapolation factor of 3.77 as obtained from Monte Cantowgations with the Pythia 6.4 program,
the following totalbb cross-section is obtained,

o (pp— HpX)ar = 284 20-£ 49 b, (2.2)

where uncertainties in the extrapolation factor are igdore

The single differential cross-section as a function of pietapidity n of the DOy~ -pair is
shown in Fig. 1. The data are compared with two theories, tis¢ iased on improved fixed
order next-to-leading order (NLO) with resummation of lagans to next-to-leading accuracy
(FONLL) [3], and the second originating from tivonte Carlo program for FeMtobarn processes
(MCFM) [4] based on NLO calculations, and using the MSTW8Nittpn distribution functions.

2.2 Inclusive J/¢ production

Theb cross-section has also been measured with the data sarlipt#ein September 2010,
corresponding to an integrated luminosity of 5.2 plusing the channdd — J/¢X (with 3/ —
i) [5] with branching ratios of 16+ 0.10% and 93+ 0.06%, respectively.

The J/y candidates were selected by requiring good quality chargeks 2 < 4), with
pr > 700 MeV, penetrating the iron of the muon system. The twokBare required to form a
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common vertex with a probability larger than 0.5%. The fiattof J/¢ candidates that origi-
nate fromb-decays is estimated from a two-dimensional likelihooddfitite i+ 1~ invariant mass
and pseudo-proper timg = (z;,y — Zpv) X My;y/Pr3/y (Wherezy,y, — zpy is the distance in the
z-coordinate along the beam-axis between the primary wenmel thed/( decay vertex). Four
components are extracted from the fit: fakey— candidates, promg@t/ candidates)/y candi-
dates fromb-decays, and prom@t/ ¢ candidates that are associated to the wrong primary vertex.
The last component mimic}/ ¢ candidates front-decays and its shape is obtained from associ-
ating theJ /¢ candidate to the primary vertex of the next event. The shagéyp candidates from
b-decays is constrained by using thbéadron pseudo-lifetime.

The integrated cross-section for the productiod & from b hadrons in the regiopr 5,y <
14 GeV and the rapidity range®< y;,y, < 4.5 is:

o(pp— bbX — J/YX') = 1.14-+0.01+0.16 pb. (2.3)

The first error is statistical and the second error is systemahich is dominated by the uncertainty
in the tracking efficiency (8%) and the luminosity deterntioia (10%). The extrapolation to the
full polar angle range is achieved through

a(pp— bbX — J/yX)
2BR(b — J/yX/)

where an extrapolation factary; = 5.88 is used as obtained from Monte Carlo simulations with
the Pythia 6.4 program. An extra contribution is added tosystematic uncertainty originating
from BR(b — J/¢YX) = (1.16 £+ 0.10)% and the fragmentation fractions (2%), both taken from
LEP. The result is consistent with theeproduction cross-section obtained with semi-leptdmic
decays as described in the previous section. The singlereiiffial cross-section as a function of
pr of theJ/y candidate is shown in Fig. 1b. The data are compared with ROS] based on
improved fixed order NLO and show excellent agreement.

o(pp— bEX)4,T = Oug

= 288+ 4+ 48 b, (2.4)

3. Measurement of Ratio of Fragmentation Fractions fs/ g

3.1 fs/fy from Semi-leptonic b-decays

The fragmentation fraction§,, fq, fs, which describe the probability thateequark will frag-
ment into aBy meson (whereg = u, d,s), respectively, are measured with the first 3 poollected
in September 2010. Semi-leptonic decays oftitredron are used, where tB& andB* mesons
predominantly decay to a combination of the final st@&X u~v andD*Xu~v and where th&2
meson decays predominantly®y Xu~v 1. The ratiofs/(fq + fy) is determined as follows

fs Neor(B2 — DX UV) + Neor(BY — DOKXuv)  1g+ + Tgo

= A

where theng,, are the event yields (including the charge conjugated momw@sected for relative
detector efficiencies, branching ratios of thenesons and for cross-feeds from decays Bge—
DOKXuv andB® — DgX uv.

1At the time of the conference no results were yet availabléherfragmentation fractiofi, , which is the proba-
bility that ab quark fragments into Ay baryon, which can be measured using & uv final state.
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The raw event yields are obtained as discussed in Sectipreguilting in 27666-187D°X uv,
9257+ 110D Xuv and 2192+ 64 D X uv events. The relative efficiencies are taken from Monte
Carlo simulation. The pion, kaon and proton particle idsgtion (PID) efficiency is measured
usingK2, D*~ andA° control samples. The following ratio of fragmentation tians is measured,

:—z = 0.268+0.008"3522 (3.2)
where the first error is statistical and the second systematid assumindg, = fq. The largest
contribution comes from the uncertainty on tBebranching ratios (5.5%), followed by tH&2
decay modelling to the various excitBd mesons (3%) and the uncertainty on the contribution from
B2 — DOKXuv decays {11s0). The ratiofs/fq is found to be consistent with being independent
of the transverse momentum of tBg:-pair.

3.2 fs/fy from Exclusive Hadronic Decays

The ratio of fragmentation fractionfg/ f4 is also determined with exclusive hadroBidecays,
using the full 2010 data set, corresponding to an integraednosity of 35 pb! [6]. The decays
B® — D~K* andB? — Dy rr* are dominated by colour-allowed tree-diagram amplituties are
related by SU(3)-symmetry. As a consequence, the ratioaidhing ratios is theoretically well-
understood, leading to the relation [7]:

fs Tg [ 1 &+ NDW]
— =0.0743x — x : , 3.3

fa s, | AaAF €p;m No-k+ 5
where e denotes the selection efficiency as determined from MontéoGamulation (including
the B branching fractions) antll denotes the observed event yields. The tefgn= 1.00+ 0.02
parametrizes non-factorizable SU(3)-breaking effectb.af = 1.2440.08 is the ratio of the form
factors. The Cabibbo favoured deddy— D~ " can also be used [8]:

fs Tg [ 1 & ND:#}
— =0.982x —2 x s . 3.4
fq Tg, NaNeNe Epz v Np-pr (3.4)

but suffers from an additional theoretical uncertainty daehe contribution from “exchange”
topologies, parametrized hyg = 0.966+ 0.075.

The three decay modes are topologically identical, wittr ftharged tracks in the final state
and are therefore selected with identical kinematic ddtéke the pr of the tracks and of th®
meson, and with geometric criteria like the impact paramgteof the tracks, the vertex fix?
of the D andB vertices and the lifetime of thB meson. The final event samples are selected
using the boosted decision tree technique. Subsequemtfpt andDg are selected with loose
PID requirements on the pions and kaons, and a mass cju%d\‘/lev around theD mass. A
relatively strong PID requirement is placed on the bachpkaticle to suppress the cross feed
from B® — Dt events under thB® — D~ K+ mass peak. The relative selection efficiencies are
estimated from Monte Carlo simulation.

The relative event yields are extracted from unbinned el¢dmaximum likelihood fits to the
mass distributions, as shown in Fig. 2. The shapes of thalsa of the partially reconstructed
backgrounds are obtained from Monte Carlo simulation amdfixed in the fit. A prominent
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Figure2: The mass fits to the decay$ 8 D-K*,B° — D~ and B — Dy .

background tB° — D~K*is B® — D~ " with the bachelor pion misidentified as a kaon. The
shape is modeled by using a cleBh — D~ mrt sample using the kaon mass hypothesis for the
bachelor particle, and by taking into account the momentapeddence of the PID criteria.

The resulting value forfs/ fq as obtained using the dec®) — D~KTis fs/fy = 0.250+
0.024°34+ 0.01 7Y+ 0.01 7%, whereas using the decBf — D~ 1" yields fs/ fg = 0.2564-0.01452+

0.019%5+ 0.026"e°, Taking all correlated errors into account leads to the doetbresult
% = 0.253+ 0.017%'+ 0.017Y5+ 0.020"°. (3.5)
d

This is the first measurement &f/ f4 at the LHC and is in excellent agreement with the determina-
tion using semi-leptonic decays as described in the prev@ection. In addition, both determina-
tions of f5/ fq are in agreement with the value from LEP, and the recent eddain the Tevatron,
suggesting universality of the ratio of fragmentation fiawms.

4. Conclusions

The b production cross-section is measured with semi-leptbritecays and with inclusive
b-decays toJ/¢ mesons, yielding consistent results. The ratio fragmamtataction fs/ fy is
determined with semi-leptonib-decays and with the exclusively reconstructed hadront@age
B® — D-K*, B® = D-m*andB? — D mt*, resulting in the first determination of the ratio of
fragmentation fractions at the LHC, which is crucial for damsitivity in the search for New Physics
in the rare decaf? — u*u~ [7].
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