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Abstract

The production cross section of electrons from semi-leptonic decays of beauty hadrons in pp col-
lisions at

√
s = 2.76 TeV at mid-rapidity (|y| < 0.8) in the transverse momentum range of 1-10

GeV/c with the ALICE experiment at the CERN LHC is reported. Electrons, other than those
from the semi-electronic decays of beauty hadrons, were suppressed based on the impact param-
eter of the corresponding tracks. The production cross section of beauty decay electrons is com-
pared to the result obtained with an alternative method which uses the difference in azimuth of
heavy-flavour decay electrons and charged hadrons. Various perturbative QCD calculations are
in agreement with the measured cross section within the experimental and theoretical uncertain-
ties. The integrated visible cross section, σb→e = 3.47±0.40(stat)+1.12

−1.33(sys)±0.07(norm) µb, was
extrapolated to full phase space using FONLL and the total bb̄ production cross section, σbb̄ =
130±15.1(stat)+42.1

−49.8(sys)+3.4
−3.1(extr)±2.5(norm)±4.4(BR) µb, was obtained.
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1 Introduction

Perturbative Quantum Chromodynamic (pQCD) calculations [1, 2, 3] predict that heavy quarks (charm
and beauty) are predominantly produced through the initial hard parton scattering processes. They are
therefore of particular interest in pp collisions, as the measurement of their production provides essential
tests of pQCD. Additionally, these results in pp collisions provide the necessary baseline for the corre-
sponding measurements performed in heavy-ion collisions, which produce a high energy density QCD
matter. Properties of this strongly interacting, deconfined partonic medium are studied using various
heavy-quark observables [4, 5].

In pp collisions at
√

s = 2.76 TeV, we have measured heavy-flavour hadron production utilizing the
following: D mesons via hadronic decays (mid-rapidity) [6], heavy-flavour hadrons via semi-leptonic
decays to electrons (mid-rapidity) and muons (forward rapidity) [7, 8], and J/ψ using di-muon (forward
rapidity) and di-electron (mid-rapidity) decay channels [9]. Each measurement is in good agreement
with pQCD (for inclusive qq̄ production) or QCD-inspired models (for J/ψ). As both charm and beauty
hadrons decay semi-leptonically the measured heavy-flavour decay muons and electrons have contri-
butions from both. The objective of the analyses presented here is to obtain the total beauty production
cross section by directly measuring the contribution of electrons from beauty hadron decays to the heavy-
flavour decay electron transverse momentum (pT) spectrum.

This paper presents the production cross section of electrons from semi-electronic decay of beauty
hadrons measured in the mid-rapidity region (|y| < 0.8) with the ALICE detector for 1 < pT < 10
GeV/c in pp collisions at

√
s = 2.76 TeV. The total bb̄ production cross section based on the extrapo-

lation to full phase space from the measured pT-differential cross section is also presented. The results
are compared to the predictions from three sets of pQCD calculations (FONLL [1], GM-VFNS [10],
and kT-factorization [3]). The results were obtained primarily using a track impact parameter analysis
which takes advantage of the relatively long lifetime of beauty hadrons (cτ ∼ 500 µm) compared to
charm hadrons. Along with the impact parameter method, an alternative method is presented which uses
the difference in azimuth of heavy-flavour decay electrons and charged hadrons, ∆ϕ . For beauty hadron
decays the width of the near-side peak, ∆ϕ around zero, is indeed larger than that of charm hadron de-
cays due to the decay kinematics of the heavier mass beauty hadrons. The difference can be exploited
to extract the relative beauty contribution to the heavy-flavour decay electron sample, which can be used
along with the measured heavy-flavour electron spectrum to compute the production cross section of
electrons from beauty hadron decays.

2 Event and track selection

The data set from pp collisions at
√

s = 2.76 TeV used for these analyses was recorded during the
2011 LHC run with ALICE [11, 12]. The impact parameter analysis was performed solely on a Min-
imum Bias (MB) sample while the electron-hadron correlation analysis was done using both the MB
and Electromagnetic Calorimeter (EMCal) trigger samples. The MB collisions were triggered using the
V0 detectors, located in the forward (2.8 < η < 5.1) and backward (-3.7 < η < -1.7) regions, and the
Silicon Pixel Detector (SPD), which is the innermost part of the Inner Tracking System (ITS). The SPD
consists of two cylindrical layers of hybrid silicon pixel assemblies, covering a pseudorapidity interval
|η |< 2.0 and |η |< 1.4 for the inner and outer layer, respectively. The MB trigger required at least one
hit in either of the V0 scintillator hodoscopes or in the SPD, in coincidence with the presence of LHC
bunch crossings. Additional details can be found in [6]. The MB trigger cross section was measured to
be 55.4±1.0 mb using a van der Meer scan [13]. In order to collect a larger data sample, MB events
were triggered independently of the read-out state of the Silicon Drift Detector (SDD), which equips the
two intermediate layers of the ITS. This resulted in a fraction of events lacking the SDD information. To
have a homogeneously reconstructed sample of tracks, the SDD points were always excluded from the
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track reconstruction used for these analyses. The EMCal Single Shower (SSh) trigger system generates
a fast energy sum (800 ns) at Trigger Level 0 for overlapping groups of 4×4 (η ×ϕ) adjacent EMCal
towers, followed by comparison to a threshold energy [14]. The data set recorded with the EMCal trigger
demanded that the MB trigger condition was satisfied, and that at least one SSh sum exceeded a nominal
threshold energy of 3.0 GeV. Additionally, events which satisfied the MB and EMCal trigger conditions
were required to have a collision vertex with at least two tracks pointing to it and the vertex position
along the beam line to be within ±10 cm of the nominal center of the ALICE detector. The results pre-
sented are based on 51.5 million MB events (integrated luminosity of 0.9 nb−1) and 0.64 million EMCal
trigger events (integrated luminosity of 14.9 nb−1).

For both analyses the charged particle tracks were reconstructed in the Time Projection Chamber (TPC)
[15] and ITS [16]. In the case of the EMCal based analysis these charged tracks were propagated to the
EMCal and matched to clusters in the EMCal detector. The matching required the difference between
the cluster position and extrapolated track point to be smaller than 0.025 units in η and 0.05 radians in ϕ .
For both analyses, the requirement of hits in the SPD was employed to remove electrons that originated
from photon conversions in the inner tracking detector material. For the impact parameter analysis the
requirement on the displacement of the electron candidate from the collision vertex will be discussed in
more detail in the following section.

Electrons were identified using the TPC, Time of Flight (TOF), and EMCal detectors [7]. For each
analysis background hadrons, in particular charged pions, were rejected using the specific energy loss,
dE/dx, measured for charged particles in the TPC. Tracks were required to have a dE/dx value between
one standard deviation below and three standard deviations above the expected value for electrons. In
the low momentum region (below 2.0 GeV/c for the impact parameter analysis and below 2.5 GeV/c for
the correlation analysis) the candidates were required to be consistent within three standard deviations
with the electron time of flight hypothesis. For higher transverse momentum, the TOF was not required,
as the inclusion of a TOF cluster significantly reduced the electron selection efficiency. Additionally, the
EMCal based correlation analysis used the energy deposited in the EMCal and E/p was required to be
within 0.8 and 1.2 for electron candidates.

3 Analysis

3.1 Impact parameter technique

An inclusive electron measurement contains contributions from beauty and charm hadron decays along
with background sources. The background is primarily composed of electrons from photon conversions
in the beam-pipe and ITS material, π0 and η Dalitz decays, and di-electron decays of light neutral vector
mesons. In the inclusive sample, electrons from beauty decays can be enhanced by selecting on the
displacement of the beauty hadron decay vertex from the primary vertex of the pp collision, as described
in detail in [17].

The relatively long lifetime of beauty hadrons was exploited by selecting on the transverse impact pa-
rameter (d0), which is the projection of the distance of closest approach vector of the charged track on
the transverse plane, perpendicular to the beamline. The sign of d0 is assigned according to the relative
position of primary vertex and the track prolongation in the direction perpendicular to the direction of
the pT vector of the track. With the ALICE ITS the resolution on d0 for this dataset, is less than 85
µm for pT > 1 GeV/c. Fig. 1 (a) shows the impact parameter distributions for all main contributions
to the inclusive electron sample in the range 1 < pT < 6 GeV/c. The distributions were obtained using
a Monte Carlo (MC) simulation with GEANT3 [18], where the pp collisions were produced using the
PYTHIA 6 event generator (Perugia-0 tune) [19]. Each source is characterized by a distinct d0 distri-
bution. Relative to that of beauty hadron decays, the d0 distribution of electrons from Dalitz decays is
relatively narrow, as they are produced at the collision vertex. The charm hadron decay and conversion
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Fig. 1: (Color online) (a) Transverse impact parameter (d0) distributions of electrons from beauty and charm
hadron decays, decays of light hadrons, and photon conversions obtained from PYTHIA 6 simulations in the elec-
tron pT range 1 < pT < 6 GeV/c, along with the measured distribution of conversion electrons. The distributions
are normalized to the same integrated yield. (b) Ratios of the measured and simulated d0 distributions of conversion
electrons in the ranges 1 < pT <6 GeV/c.
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Fig. 2: (Color online) Raw spectrum of electrons from the impact parameter analysis (open circles) compared to
background sources (from charm hadron decays, photon conversions, Dalitz decays, and hadron contamination) as
a function of pT. The background sources were obtained using a MC simulation. The raw yield after background
sources are subtracted is also shown (closed circles).

electron d0 distributions are broader than that of the Dalitz decay distribution as they emerge from sec-
ondary vertices, but are not as broad as those from beauty decays. For comparison, the d0 distribution of
conversion electrons from data is also shown in the figure. This pure sample of electrons from photon
conversions in the detector material was identified using a V0-finder and an optimized set of topological
selection requirements. Fig. 1 (b) shows the ratio of the impact parameter distribution from data to that
from simulation in the range 1 < pT < 6 GeV/c of the photon conversion electrons. The resulting ratio
confirms a good agreement of the simulation and the selected electron candidates.

A selection on the d0 parameter was applied in order to maximize the signal to background (S/B) ratio
of electrons from beauty hadron decays. The requirement on the minimum impact parameter is pT
dependent as the width of the d0 distribution depends on pT. The S/B ratio varies due to the different
impact parameter selection efficiencies for the various sources in various pT regions. Therefore, separate
pT dependent parameterizations of the d0 selection requirement were obtained for the analyses which
utilize TPC-TOF and TPC only for electron selection. Electrons which satisfied the condition |d0| > 64
+ 480·exp(-0.56 pT) (with d0 in µm and pT in GeV/c) were used in the TPC-TOF analysis, while |d0| >
54 + 780·exp(-0.56 pT) was used in the TPC only analysis.

The raw pT distribution of electrons, after the application of track selection criteria, is shown in Fig. 2
and is compared to the various background sources (charm hadron decays, photon conversions, Dalitz/di-
electron decays, and hadron contamination) obtained from a MC simulation that included a description
of the detector response. The pT distributions of the background sources were normalized by the num-
ber of events which passed the event selection requirements, and were corrected for the efficiency to
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Table 1: Contributions to the systematic uncertainty (1<pT<8 GeV/c) of the measurement of electrons from
beauty hadron decays from the impact parameter method. The total systematic uncertainty is calculated as the
quadrature sum of all contributions.

Uncertainty source Systematic uncertainty (%)
Track matching ±2
ITS number of hits ±10
Number of TPC clusters for tracking +1,-10( ±1) for pT<(>) 2 GeV/c
Number of TPC clusters for PID ±3
TOF PID ±3 for pT<2 GeV/c
TPC PID ±10
η and charge dependence ±2
minimum d0 requirement +15,-25(±15) for pT<(>) 2 GeV/c
Light hadron decay background ≈15 (< 3) for pT<(>) 2 GeV/c
Charm hadron decay background +40, -60(<10) for pT<(>) 2 GeV/c

reconstruct a primary collision vertex. Of those background contributions the Dalitz decay electrons and
those from photon conversions are dominant at low pT, where more than 80% of the background can be
attributed to π0 Dalitz decays and conversions of photons from π0 decays. At high pT the contribution
from charm hadron decays is important. The contribution from heavy quarkonia decays also becomes
important at high pT, although they are considered negligible in this analysis as the selection on d0
strongly suppresses tracks from such decays. The PYTHIA simulation does not precisely reproduce the
pT-differential spectra of background sources measured in data. Therefore, the sources of background
electrons simulated with PYTHIA were reweighted according to the π0 pT spectrum measured with AL-
ICE [20] prior to propagation in the ALICE apparatus using GEANT3. The spectra of other light mesons
was estimated via mT scaling of the π0 spectrum. The electron background from charm hadron decays
were estimated based on the charm hadron spectra measured with ALICE. The D meson production cross
sections were obtained by applying a

√
s scaling to the cross sections measured at

√
s = 7 TeV [21]. The

scaling factor was defined as the ratio of the cross sections from the FONLL calculations at 2.76 and 7
TeV. The theoretical uncertainty on the scaling factor was evaluated by varying independently the quark
mass and the perturbative scales as described in [22]. The D meson production cross sections were mea-
sured with ALICE, with limited precision and pT coverage, in pp collisions at

√
s = 2.76 TeV [6]. These

measurements were found to be in agreement with the scaled 7 TeV measurements within statistical un-
certainties. A contribution from Λc decays was included using the measured ratio σ(Λc)/σ(D0 +D+)
from ZEUS [23]. The background electrons surviving the selection criteria, including the condition on
d0, were subtracted from the inclusive electron distribution. The hadron contamination was estimated
using a simultaneous fit of the electron and the different hadron components of the TPC dE/dx distri-
bution in momentum slices. The contamination was negligible below 4 GeV/c but became significant
towards higher momenta. At 8 GeV/c it was found to be approximately 7%. The contamination was
statistically subtracted from the inclusive electron distribution. The resulting pT distribution is shown as
closed circles in Fig. 2.

The electron yield from beauty hadron decays was corrected for the geometrical acceptance, the track
reconstruction efficiency, the electron identification efficiency, and the efficiency of the d0 cut. The
invariant cross section of electron production from beauty hadron decays in the range |y|< 0.8 was then
calculated using the corrected electron pT spectrum, the number of MB pp collisions and the MB cross
section. The details are described in [17].

To evaluate the systematic uncertainties the analysis was repeated with modified track selection and
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Particle IDentification (PID) criteria. The contributions to the systematic uncertainty are listed in Ta-
ble 1. The systematic uncertainties due to the tracking efficiencies and the PID efficiencies amount to
+15
−18(±15)% for pT< 2 GeV/c (2 < pT< 6 GeV/c). These reach≈+20

−40% at 8 GeV/c due to the uncertainty
of the hadron contamination subtraction. Additional contributions to the total systematic uncertainty in-
clude the d0 requirement, evaluated by repeating the full analysis with modified selection criteria, and the
subtraction of light flavor hadron decay background and charm hadron decay background, which were
obtained by propagating the statistical and systematic uncertainties of the light flavor and charm hadron
measurements used as analysis input. All systematic uncertainties specific to this analysis were added in
quadrature to obtain the total systematic uncertainty.

3.2 Azimuthal electron-hadron correlation technique

The analysis is based on the shape of the distribution of the difference in azimuth (∆ϕ) between electrons
and hadrons, and in particular of the peak at ∆ϕ around zero (near-side). Due to the mass difference of
charm and beauty hadrons, the width of the near-side peak is larger for beauty compared to charm hadron
decays. This method [24] has been used by the STAR experiment. A similar method based on the the
invariant mass of like charge sign electron-kaon pairs [25] was used by the PHENIX experiment to
extract a relative beauty contribution to the measured heavy-flavour electron production cross section.

The analysis was performed using the MB and EMCal trigger data sets. Electrons were selected in
the range 1 < pT < 10 GeV/c. For the MB analysis the selected electrons reached out to a transverse
momentum of 6 GeV/c, while the analysis using EMCal triggered events selects electrons in the range
2.5 < pT <10 GeV/c.

The inclusive electron sample (Neincl) contains electrons from heavy-flavour hadron decays and the afore-
mentioned background sources, listed in Section 3.1. Di-electron pairs from photon conversions and
π0 Dalitz decays dominate at low pT and were identified by pairing electrons with oppositely charged
partner tracks and calculating the invariant mass (Me+e−) of each e+e− pair. The distribution for the
background electrons is peaked at low Me+e− , while no correlation signal is present in the low Me+e−

region for the electrons from heavy-flavour decays. These unlike charge-sign (ULS) pairs contain true
conversion and Dalitz decay electrons, along with a small fraction of heavy-flavour electrons that were
wrongly paired with a background electron. The latter can be identified by calculating the invariant mass
of like charge-sign (LS) pairs. Using a MC simulation with GEANT3, where pp collisions are generated
using PYTHIA 6 (Perugia-0 tune) and by comparing the ULS and LS invariant mass distribution the
selection criteria on Me+e− , identical for the LS and ULS pairs, were determined. Electrons with Me+e−

< 50(100) MeV/c2 for the EMCal(MB) analysis were identified as background. The background finding
efficiency (ε) ranges from ∼ 20% at low pT to ∼ 66% for pT above 4 GeV/c.

The number of heavy-flavour hadron decay electrons can be expressed as

NeHF = Neincl−
1
ε
(NeULS−NeLS) , (1)

where NeULS (NeLS) are the number of electrons which formed a ULS(LS) pair with a Me+e− satisfying
the previously mentioned selection criteria. Each electron contribution from Equation (1) is taken, along
with the charged hadrons in the event and the heavy-flavour decay electron-hadron azimuthal correlation
distribution, 1

Ne

(
dN

d∆ϕ

)
e−h

, was constructed.

To determine the fraction of electrons from beauty hadron decays the measured azimuthal e-h correlation
distribution was fit with the function

1
Ne

(
dN

d∆ϕ

)
e−h

=C+ rb
1

Neb

(
dN

d∆ϕ

)
eb−h

+(1− rb)
1

Nec

(
dN

d∆ϕ

)
ec−h

, (2)
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events in the pe

T range 4.5-6.0 GeV/c. The diamonds represent the MC distribution for electrons from charm hadron
decays, squares are the MC distribution for electrons from beauty hadrons decays. The line is the MC fit (Eq. 2)
to the data points (circles).
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Table 2: Contributions to the systematic uncertainty of the fraction of electrons from beauty to the total number of
electrons from heavy-flavour decays measured using the e-h azimuthal correlation technique. The total systematic
uncertainty is calculated as the quadrature sum of all contributions.

Event trigger MB EMCal

Uncertainty source Systematic uncertainty (%)

Number of TPC clusters for tracking ±8 5
TPC PID ±5(+5,-20) for pT<(>)3.5 GeV/c ±5(±10) for pT<(>)3.5 GeV/c
TOF PID ±5 n.a.
EMCal PID n.a. ±10(±5) for pT<(>)3.5 GeV/c
e+e− invariant mass negligible ±10(±5) for pT<(>)3.5 GeV/c
Associated electron PID ±1 ±1(±5) for pT<(>)4.5 GeV/c
Associated hadron momentum ±8 ±10(±5) for pT<(>)3.5 GeV/c
Fit range negligible negligible(±5) for pT<(>6) GeV/c
Light hadron decay background ±1 ±25(±5) for pT<(>)3.5 GeV/c

where rb, a free parameter of the fit, is the fraction of electrons from beauty to the total number of
electrons from all heavy-flavour decays, ∆ϕ is the azimuthal angle between the electron and the charged
hadron. The distributions of the azimuthal correlations

(
dN

d∆ϕ

)
eb(c)−h

for electrons from beauty (charm)

hadron decays were taken from the previously mentioned MC simulation, and the constant C accounts
for the uncorrelated background. Fig. 3 shows the measured azimuthal correlation, scaled by the number
of electrons, along with the MC fit templates and the full fit for both (a) the MB and (b) the EMCal
trigger analyses, in the pT range of 1.5-2.5 GeV/c and 4.5-6 GeV/c, respectively. For each pT bin the
measured distribution was fit over the range |∆ϕ|< 1.5 rad. From the fit the relative beauty fraction (rb)
is extracted as a function of pT. The values of rb obtained from the MB and EMCal triggered samples
were found to agree within the systematic and statistical uncertainties in the overlapping pT intervals.
Hence, in the common pT range, the final results for the relative beauty contribution to heavy-flavour
decay electrons was obtained as the weighted average of the results from the MB and EMCal samples.

The main sources of systematic uncertainty include the electron identification selection criteria and the
background finding efficiency. As previously explained, the background electrons were identified using
invariant mass Me+e− . The selected mass requirement, as a source of systematic uncertainty was found
to be negligible for the MB analysis and reached a maximum of 10% for pT < 3.5 GeV for the EMCal
analysis. The efficiency of the invariant mass method was calculated using a MC sample. For the EMCal
analysis a MC simulation enhanced with π0 and η mesons, flat in pT, was used in order to properly
estimate the background finding efficiency at high pT, as the MB MC sample did not provide enough
statistics. The bias from the enhancement is corrected by reweighting to obtain the correct pT distribution
of the π0 (see Section 3.1). Overall, the systematic uncertainties range from 9-21% for the MB analysis
and from 12-33% in the case of the EMCal analysis, depending on the transverse momentum. The final
systematic uncertainties were obtained by combining these two measurements, yielding 17% for the
lower momentum region (pT < 3.5 GeV/c) and +16

−25% for the higher momentum region (3.5 < pT < 10
GeV/c). All systematic uncertainties are listed in Table 2.

For the MB analysis the hadron contamination to the electron sample was estimated using a simultane-
ous fit of the electron and the different hadron components of the TPC dE/dx distribution in momentum
ranges, while for the EMCal analysis the contamination was estimated using a fit to the E/p distribu-
tion in momentum slices. The contamination was found to be negligible for pT < 4(6) GeV/c for the
MB(EMCal) analysis. For the highest pT of the MB analysis the contamination was 5% and reached
20% for the highest pT of the EMCal analysis. No subtraction of this contamination was performed.
Instead it is taken into account in the PID systematic uncertainties. In addition, a mixed event technique
was used to cross-check that detector acceptance effects are well reproduced in the MC sample. For
the mixed event ∆ϕ correlation distribution, electrons from EMCal trigger events and hadrons from the
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MB sample were selected. Hadrons were selected only from MB events to remove the bias from EMCal
trigger sample in the correlation distribution from mixed event. The mixed event correlation distribution
was found to be flat over the entire ∆ϕ range, implying that detector effects do not bias the correlation
distribution. Hence a mixed event correction was not applied to the resulting ∆ϕ distribution.

4 Results

The relative beauty contribution to heavy-flavour decay electrons obtained from the impact parameter
analysis along with that extracted from the azimuthal correlation method, as a function of pT is shown
in Fig. 4(a). For the impact parameter analysis the beauty contribution to the heavy-flavour electron
spectrum was measured, while the charm contribution was calculated from the charm hadron spectra
measured by ALICE as described in Section 3.1. Within the statistical and systematic uncertainties the
resulting fractions are in agreement with each other and show that the beauty contribution to the total
heavy-flavour spectrum is comparable to the contribution from charm for pT > 4 GeV/c.

The measurements are compared to the central, upper, and lower predictions of three pQCD calculations
[1, 10, 3], represented by the various lines. The central values of the fraction of electrons from beauty
hadron decays was calculated using the central values of the beauty and charm to electron cross sections.
The upper (lower) predictions were obtained by calculating the beauty fraction using the upper (lower)
uncertainty limit of the beauty to electron cross section and the lower (upper) limit of the charm to
electron cross section. The upper and lower lines demonstrate the uncertainty range of the calculations,
which originate from the variation of the perturbative scales and the heavy quark masses as described in
[1, 2, 3]. Each prediction describes the relative beauty contribution fraction over the whole pT range.

The pT-differential cross section of electrons from beauty decays measured using the impact parameter
analysis is shown in Fig. 4 (b) and it is compared to the spectrum obtained using the beauty fraction
from the e-h correlation analysis and the measured heavy-flavour decay electron cross section from [7].
This alternative approach agrees with the result obtained using the impact parameter technique. As
the resulting spectrum obtained using the impact parameter based analysis (|y| < 0.8) yielded finer pT
intervals and smaller uncertainties this result for pT < 8 GeV/c is used with the higher pT slice of the e-h
correlation analysis (|y|< 0.7) to obtain the total beauty production cross section.

The measured pT-differential cross section, obtained using the impact parameter analysis for pT < 8
GeV/c and including the highest pT point from the correlation analysis, in the pT range 1-10 GeV/c is
shown in Fig. 5 (a) along with a comparison to the upper and lower uncertainty limits of the aforemen-
tioned pQCD calculations. Fig. 5 (b)-(d) shows the ratio of the data to the central theoretical predictions.
The data and predictions are consistent within the experimental and theoretical uncertainties. Due to
the uncertainty of the measured luminosity all measured cross sections have an additional normalization
uncertainty of 1.9% [13].

The visible cross section of electrons from beauty hadron decays at mid-rapidity (|y|< 0.8) was obtained
by integrating the pT-differential cross section in the measured pT range (1 < pT < 10 GeV/c), obtaining
σb→e = 3.47± 0.40(stat)+1.12

−1.33(sys)± 0.07(norm) µb. The visible cross section is then scaled by the
ratio of the total cross section of electrons originating from beauty hadron decays from FONLL in the
full pT range to the FONLL cross section integrated in the measured pT range. The central value of the
extrapolation factor was computed using the FONLL prediction with the central values of the quark mass
and perturbative scale. The uncertainties were obtained by varying the quark mass and perturbative scale
and recalculating the ratio, which is given separately in the results as extrapolation uncertainty. For the
extrapolation the beauty hadron to electron branching ratio of BRHb→e +BRHb→Hc→e = 0.205± 0.007
[26] is used.

The cross section of electrons from beauty hadron decays at mid-rapidity, dσbb̄
dy = 23.28±2.70(stat)+8.92

−8.70
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Fig. 4: (Color online) (a) Relative beauty contribution to the heavy-flavour electron yield; measured from the
azimuthal correlations between heavy-flavour decay electrons and charged hadrons (black circles) compared to
that from the method based on the track impact parameter (red squares). The green dashed, red dotted, and blue
dot-dashed lines represent the FONLL, kT-factorization, and GM-VFNS predictions, respectively. (b) The b (→ c)
→ e pT-differential cross section obtained using the impact parameter method (red squares) and the e-h correlation
(black circles) method. For both panels, the error bars (boxes) represent the statistical (systematic) uncertainties.
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of center of mass energy in pp collisions (PHENIX [25] and ALICE [17] results) and pp̄ collisions (UA1 [28]
and CDF [27] results) along with the comparison to FONLL calculations. Error bars represent the statistical and
systematic uncertainties added in quadrature.

(sys)+0.49
−0.65(extr)± 0.44(norm) µb, is shown in Fig. 6 as a function of center of mass energy for ex-

perimental measurements [25, 27, 28], including the result obtained by ALICE at 7 TeV [17]. The
total beauty production cross section was obtained in an analogous way and is found to be σbb̄ = 130±
15.1(stat)+42.1

−49.8(sys)+3.4
−3.1(extr)± 2.5(norm)± 4.4(BR) µb. The corresponding prediction of FONLL is

σbb̄ = 95.5+139
−66.5 µb.

5 Summary

The invariant production cross section of electrons from semi-leptonic decays of beauty hadrons is re-
ported at mid-rapidity (|y|< 0.8) in the transverse momentum range 1 < pT < 10 GeV/c in pp collisions
at
√

s = 2.76 TeV. The measurement extending to a pT of 8 GeV/c was performed using a selection
of tracks based on their impact parameter to identify displaced electrons from beauty hadron decays.
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An alternative method, which utilized the measured electron-hadron azimuthal correlations extended
the pT range up to 10 GeV/c, and was found to be in agreement with the results from the impact pa-
rameter method. The results were compared to various pQCD calculations and compatibility between
data and theory was found. The integrated visible cross section is σb→e = 3.47±0.40(stat)+1.12

−1.33(sys)±
0.07(norm) µb, and was extrapolated to full phase space using FONLL to obtain the total bb̄ production
cross section, σbb̄ = 130±15.1(stat)+42.1

−49.8(sys)+3.4
−3.1(extr)±2.5(norm)±4.4(BR) µb. Furthermore, these

results provide a crucial baseline for the study of beauty quark production in Pb-Pb collisions at the LHC.
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H. Appelshäuser48 , S. Arcelli26 , N. Armesto16 , R. Arnaldi105 , T. Aronsson129 , I.C. Arsene91 , M. Arslandok48 ,
A. Augustinus34 , R. Averbeck91 , T.C. Awes78 , M.D. Azmi83 , M. Bach39 , A. Badalà101 , Y.W. Baek64 ,40 ,
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G. D’Erasmo31 , A. De Caro29 ,12 , G. de Cataldo98 , J. de Cuveland39 , A. De Falco23 , D. De Gruttola29 ,12 ,
N. De Marco105 , S. De Pasquale29 , R. de Rooij52 , M.A. Diaz Corchero10 , T. Dietel49 , P. Dillenseger48 ,
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Grenoble, France
66 Laboratori Nazionali di Frascati, INFN, Frascati, Italy
67 Laboratori Nazionali di Legnaro, INFN, Legnaro, Italy
68 Lawrence Berkeley National Laboratory, Berkeley, CA, United States
69 Lawrence Livermore National Laboratory, Livermore, CA, United States
70 Moscow Engineering Physics Institute, Moscow, Russia
71 National Centre for Nuclear Studies, Warsaw, Poland
72 National Institute for Physics and Nuclear Engineering, Bucharest, Romania
73 National Institute of Science Education and Research, Bhubaneswar, India
74 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark
75 Nikhef, National Institute for Subatomic Physics, Amsterdam, Netherlands
76 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom
77 Nuclear Physics Institute, Academy of Sciences of the Czech Republic, Řež u Prahy, Czech Republic
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