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Introduction

A precise understanding of the mechanisms of Heavy Flavour production can be
viewed as one of the ultimate tests of QCD

It allows us to probe our knowledge of the fundamental constituents of matter
and their interactions

Measurements in this field can provide useful tests of QCD, and give input for
tuning models, and refining event generators

Measurements at LHCb have a great potential to constraints models in regions of
rapidity and transverse momentum complementary to other LHC detectors.
Today

— Measurement of A°, production in pp collisions [submitted to JHEP, arXiv:1405.6842]

— Measurement of the B°- B® and BY, - EO-S production asymmetries in 7 TeV pp collision
[LHCb-PAPER-2014-042, to be submitted for publication] NEW

— Fundamental ingredients for CP violation and branching fraction measurements

\B b hadron —

PDFs b- quark ~ %
P v\\

Non- Perturbatlve Weak Decay

Fragmentation
Perturbative Hard Process [arXiv:1301.0334]
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Measurement of A% production

* The relative production rates of beauty hadrons are described by
fragmentation fraction f, fy, f;, f. and f,c which describe the

probability that a b quark fragments into a B meson or a A%,
baryon respectively

g=u,d,s,c

— Depend on the kinematic proprieties of the b quark
* fp/fyis measured using A% = A* (pK'n')m and B® 2 D (K*'nm)
(and their charge conjugates) decay rates

— data set collected by LHCb in 2011, Vs = 7 TeV, corresponding to 1 fb! of
integrated luminosity

* The analysis aims to clarify the extent and characteristics of the p;
dependences of f,\c;/ fy and study the n dependences in the fiducial
region 1.5<p;< 40GeV/cand2<n<5
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Previous knowledge

* Previous measurements & 09 : o COF charm + &
of fy/f,have been made £°“¢ % LHCD charm +
. b 04 E A LEP average
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0.35 . N Exponential Fit (CDF+LHCb)

— et*e collisions at LEP
[HFAG, arXiv:1207.1158v2]

— pp collisions at CDF
[Phys. Rev. D 77, 072003 (2008),
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LHCb: semi-leptonic measurement [Phys. Rev. D85 032008 (2012)]
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Analysis strategy

* A precise measurement of the absolute value of f,\g/ f4 is not feasible with
these decays, since the A°, = A*_m branching fraction is poorly known

* However a precise measurement of the dependence of f,2/ f, on the
b-hadron kinematic properties is possible

* This is achieved by measuring the efficiency-corrected yield ratio in bins of
pr and n of the beauty hadron

Ni.oo o+ (;.I,,) . (1) Total reconstruction and
R(x) = r‘sl"_m" . x —B2=2D¥m” \" :; selection efficiency
N B —sD+x— (‘(I") Ex‘l?—)z‘ljn_ (:I".)
X=pr, N

B(B° — D*r™) 9 B(Dt — K nrn™) 9
B(A) — Afn—) B(Af — pK—7T)
@< R(x), I scale factor I
>

The absolute scale (S) of f,o/ f, is fixed using the measurement of fy / f,
from semileptonic b-hadron decays [Phys. Rev. D85 032008 (2012)]
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L=1 fb! Eve nt y|e|dS submitted to JHEP,

LHCb-PAPER-2014-004
* The event sample is sub-divided in 20 bins in p; and 10 bins in n
* Theyields are determined by means of an unbinned maximum likelihood fit to the
invariant mass in each bin of p; and n

20.2 < pr(A}) < 40 GeV/e 20.2 < pr(B°) < 40 GeV/c
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submitted to JHEP,

Fl n al reSU ItS LHCh-PAPER-2014-004
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fao/ fa(pr) = @' + exp(V/ + ¢ x pr[GeV/c]) fao/ fa(n) = a’ + " x (n—1n)
a = +0.151 4+ 0.016 0024 Empirical description d = 0.387+0.013 +002
b’ = —0.573 = 0.040 Ty g7, B = 0.067 % 0.005 0012
¢ = —0.095+0.007 £0.014 [GeV/c]™

The error bars include the statistical and systematic uncertainties associated with
the hadronic measurement. The dashed red lines indicate the uncertainty on the
scale of f,\t;/ f, from the semileptonic analysis.

Systematic uncertainties are related to fitting model and determination of the
efficiencies.
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BY, - B?, production asymmetries

The production rates of b and b hadrons in pp collisions at LHC are not expected
to be strictly identical

— One can expect a slight excess in the production of B* and B® over B and B?, given rise to an
asymmetry which must be compensated by an opposite asymmetry in the production of the
other b-meson and baryon species

The production asymmetry is one of the key ingredients to perform
measurements of CP violation at LHC

The production asymmetries for B® and B®, meson are defined as

A (B0 — g (E(()s)) -9 (B?s)) o is the production
Ar (Biy) = o (E?S)) g (B?s)) cross-section

Ap(BO(S)) can be measured by means of an untagged time-dependent analysis of
BY =2 J/W(u ' )K*O(K*m), B 2D-(K*nm) n" and B, = D~ (K'K*n) =" decays (and
their charge conjugates)

The analysis is based on data collected by LHCb in 2011, corresponding to 1 fb!
of integrated luminosity
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The method

e Decay rate of a neutral BO(S) —Eo(s) decays to a flavour specific final

state f or f is given by m | Direct CP asymmetryl
f(t.v) o (1-— 1+ (1 —Ay) A Detection asymmetry

f

{G_Pt [A+ cosh (A)F t) + 1A _ cos (Amt)J }

1— 1 1 > final state
Ai:u—AP)% i(HAP)% Y=1=f
Y=-1=f
* for small values of A, and A;, to first order the decay rate is

Al -t

f(t, ) [1 - qucP + Al)] e [A+ cosh( )+ YA _cos(Am-1)

* itis sensitive to the sum of these two quantities. We fix A, to zero,
whereas A; is left as a free parameter.

* Any choice (up to few %) of A, = negligible variation on A,
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Determination of the production asymmetries

[LHCb-PAPER-2014-042, to be submitted for publication]
 The production asymmetries are determined by means of simultaneous

fits to the invariant mass and decay time spectra.

e To test the fit model, we perform global fits to selected events for each
of the three decay modes

* In order to account for the dependence of the values of the production
asymmetries on the kinematics of the B® and B°, mesons, we split each
data sample in bins of p; and n, performing fits for each bin.
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Background-subtracted distributions
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Fitting model
For each signal and background component, the distributions of
invariant mass and decay time of b-meson candidates are modelled

We consider two categories of background:
— the combinatorial background
— the partially reconstructed background, present only for 80(5)9 D, t" decays.

Decay time resolution studied by reconstructing fake B candidates
that are formed from a D~ and a it* track, both coming from the
same PV

— The decay time distribution of the fake B candidates yields an estimation of
the decay time resolution of a real decay

— We estimate an average decay time resolution of 4918 fs

The mass differences Amy and Am,, the mixing parameters |q/p|g,
and |g/p] g0, the average decay widths I'; and I';, and the width
differences Al and Al are fixed to the current experimental values
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L=1 fb?
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No evidence of dependences on the values of p; and n has been observed
In the case of the B® meson, a slight excess towards positive A, values is observed at small n
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Systematic uncertainties

We consider the following sources of systematic uncertainties

— Invariant mass: inaccuracies in the shapes of any component, signals,
combinatorial and partially reconstructed backgrounds

— decay time: inaccuracies in the resolution and acceptance functions,
uncertainties on the external inputs

To estimate the contribution of each single source we repeat the fit
for each single bin after having modified the baseline fit model.

— The shifts from the relevant baseline values are accounted for as systematic
uncertainties

Main systematic for B°: uncertainty of |q/p| and invariant mass
fitting model

— within range 5-10% of statistical error

Main systematic for B%: uncertainty of |q/p| and decay time
resolution

— within range 15-25% of statistical error
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Averaged production asymmetries

The integration over p; and n of the bin-by-bin A, value is performed within the
range 4 < p;<30 GeV/cand 2.5<n<4.5.

The integrated value of A is given by

N:
ALY .
Ap = Zz > /}P,Z

total reconstruction
efficiency in the i-th bin

The signal yields in each bin can be expressed as

Ni=L-05-2 oo B(F)e)

and A, becomes A4r =) wdr; where wi = fi/>,fi and are determined

fraction of B meson
S produced in i-th bin

from simulated events (fndependent from decay mode)

N;

re
&

These values are also extracted from data using B2 J/PpK™0 > odate — El />
where g ___is measured from both simulated events and data control samples
The values of w,and w,%® exhibit systematic difference at the level of 10%
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Averaged production asymmetries

* The values of the production asymmetries integrated in the ranges
4 < p; <30 GeV/c and 2.5 < n < 4.5 have been determined to be

\}
& |A4p(B)

AP(B())

S

(—0.35 + 0.76 (stat) £ 0.28 (syst))%,|
( 1.09 £ 2.61 (stat) £ 0.61 (syst))%.

Ap(B”) Ap(B,)

Combined systematic uncertainties from bin studies 0.0004  0.0048

Statistical uncertainties on |q/p| 0.0013  0.0030
Difference between w; and wdat® 0.0024  0.0024
Total 0.0028  0.0061

[LHCb-PAPER-2014-042, to be submitted for publication]
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Summary

* With 1 fb! of integrated luminosity LHCb has made

— the first accurate measurements of the B° and B°,
production asymmetries at Vs=7 TeV

— Confirmed with good precision the dependence of f,\ob/ f,
as function of kinematics

* Expected soon updated measurements at Vs=8 TeV
with 2 b
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Backup

Parameter Value Reference
Amg[ps™t]  0.510 4 0.004 18]
Amg[ps™] 17.768 4 0.024 19
L4 [ps] 0.6583 £ 0.0030 18]
[ [ps] 0.6596 + 0.0046 18]
ATy, 0 -
AT, [ps™]  0.081 £ 0.011 18
lq/p|Bo 0.9997 + 0.0013 20)
|q/p|Bo 1.0003 £ 0.0030 21]
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