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Abstract

The ALICE experiment at the LHC has studieqyJdroduction at mid-rapidity in pp collisions at
V/S =7 TeV through its electron pair decay on a data sample quoreling to an integrated lu-
minosity Liny = 5.6nb1. The fraction of Jy from the decay of long-lived beauty hadrons was
determined for JJ candidates with transverse momentppt> 1.3 GeVk and rapidity|y| < 0.9.
The cross section for promptd/mesons, i.e. directly produced/dand prompt decays of heavier
charmonium states such as #€2S) and xc resonances, i8promptyy (Pt > 1.3 GeV/c, |y| < 0.9)
=7.2+0.7(stat) £+ 1.0(syst)f}:§ (systpol.) ub. The pi-differential cross section for promptyd/
has also been measured. The cross section for the prodwdtimimadrons decaying to yl/with
transverse momentum greater than 1.3 Geixi/the rapidity ranggy| < 0.9 is 0,y p, = 1.26

+ 0.33 (stat.)" 333 (syst.)ub. The results are compared to QCD model predictions. Theesbf
the pr andy distributions of b-quarks predicted by perturbative QCDdelccalculations are used to
extrapolate the measured cross section to derive bhgalr total cross section andrddy at mid-
rapidity.

*See AppendikA for the list of collaboration members
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1 Introduction

The production of both charmonium mesons and beauty-flaghadrons, referred to as b-hadrons or
hg in this paper, in hadronic interactions represents a ahgilhg testing ground for models based on
Quantum ChromoDynamics (QCD).

The mechanisms of g/ production operate at the boundary of the perturbative anmdperturbative
regimes of QCD. At hadron colliders,ydfroduction was extensively studied at the Tevatfohl [T 4], 3,
and RHIC [5]. Despite the progress in theoretical apprositbelescribe the Tevatron and RHIC results,
see review articles[6] 7] (and reference therein) and eefas [, 9], the models are not yet able to
consistently explain both the rapidity)(and transverse momentum) differential production cross
sections and polarization results. Measurements in theanengy domain of the Large Hadron Collider
(LHC) can contribute to a deeper understanding of the physfiche hadroproduction processes. The
first LHC measurements ofy/polarization [10] do not agree with NLO predictions fogJdolarization

via the color-singlet (CS) channel J11]12], and also carbwiexplained by the contribution of the
S-wave color-octet (CO) channels13]. A better descripi® obtained with new calculations which
include also the contribution of tr?evjs} CO channels[]8]. The first LHC experimental results on the
JIY py distributions [T, TH, 16,17, 18] can be well described byous theoretical approaches[LZ] 19,
[20121]. In particular, the ALICE Collaboration reporte@ timeasurement of the rapidity and transverse
momentum dependence of inclusivg/Jiroduction in proton—proton (pp) collisions-gs= 7 TeV [11].
The inclusive 3y yield is composed of three contributions: prompp produced directly in the proton-
proton collision, prompt # produced indirectly (via the decay of heavier charmoniuatest such ag.
and(2S)), and non-prompt 3/ from the decay of b-hadrons. Other LHC experiments haveratgsh
the fraction of promptly producedylfrom the non-prompt component]{4]15[1€,18]. However,idt m
rapidity, only the highg; part of the differential d,,/dp; distribution was measuregy(> 6.5 GeVk),

i.e. a small fraction (few percent) of the-integrated cross section.

The measurement of the production of b-hadrons in pp catissat the LHC provides a way to test, in a
new energy domain, calculations of QCD processes baseddadtorization approach. In this scheme,
the cross sections are computed as a convolution of therpdistribution functions of the incoming
protons, the partonic hard scattering cross sections, ledragmentation functions. Measurements
of cross sections for beauty quark production in high-endradronic interactions have been done in
the past at pp colliders at center-of-mass energies franG&/ [22[23] to 1.96 TeVI[24,25] 2, P6]
and in p-nucleus collisions with beam energies from 800 0 G2V [27]. On the theoretical side,
considerable progress was achievied [28/ 29, 30, 31] in stadeting b-hadron production at Tevatron
energies. Earlier discrepancies between the predictednaagured cross sections are largely resolved,
but substantial uncertainties remain due to the dependeinttee models on the renormalization and
factorization scales. The LHC experiments have reportedsorements of b-hadron production in pp
collisions at,/s= 7 TeV by studying either exclusive decays of B mesdns[3234Bor semi-inclusive
decays of b-hadron§ 114,115 16] [8l[39, 36]. At mid-rapjdite measurements are available only for
p: of the b-hadrons larger than 5 GeVk, whereas the lowp; region of the differential b-hadron cross
sections, where the bulk of the b-hadrons is produced, hasesm studied.

In this paper, the measurement of the fraction gf fftom the decay of b-hadrons in pp collisions at
\/s=7 TeV for Ji in the ranges B < p; < 10 GeVt and|y| < 0.9 is reported. This information
complements the previous inclusivapJtross section measurement of ALICE][17]. Prompt dhd
b-hadron cross sections are thus determined at mid-rgdivn to the lowest reach at the LHC
energy.
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2 Experiment and data analysis

The ALICE experiment([37] consists of a central barrel, cgthe pseudorapidity regiogm| < 0.9,

and a muon spectrometer withd < n < —2.5 coverage. The results presented in this paper were
obtained with the central barrel tracking detectors, idipalar the Inner Tracking System (ITS)187]38]
and the Time Projection Chamber (TPC)I[39]. The ITS, whichsists of two innermost Silicon Pixel
Detector (SPD), two Silicon Drift Detector (SDD), and twoteuSilicon Strip Detector (SSD) layers,
provides up to six space points (hits) for each track. The ®P&large cylindrical drift detector with

an active volume which extends over the ranges:85< 247 cm and-250< z < 250 cm in the radial
and longitudinal (beam) directions, respectively. The TP&@ides up to 159 space points per track and
charged particle identification via specific energy lods/(@k) measurement.

The same event sample, corresponding.80-310% minimum bias events and an integrated luminosity
Lint = 5.6Nnb~1, event selection and track quality cuts used for the measeme of the inclusive
production at mid-rapidity([17] were also adopted in thiglgsis. In particular, an event with a recon-
structed vertex position, was accepted ifz,| < 10 cm. The tracks were required to have a minimgm
of 1 GeVk, a minimum number of 70 TPC space pointgger space point of the momentum fit lower
than 4, and to point back to the interaction vertex within liorthe transverse plane. At least one hit in
either of the two layers of the SPD was required. For tracksipg this selection, the average number
of hits in the six ITS layers was 4.5-4.7, depending on the thting period. The electron identification
was based on the specific energy loss in the TPE€3a inclusion cut around the Bethe-Bloch fit for
electrons and:3.50 (+30) exclusion cut for pions (protons) were employed [17]. Hinalectron or
positron candidates compatible, together with an oppasitege candidate, with being productsyof
conversions (the invariant mass of the pair being smalkr #00 MeV¢?) were removed, in order to re-
duce the combinatorial background. It was verified, usingamtd Carlo simulation, that this procedure
does not affect the @/ signal. In this analysis, opposite-sign (OS) electrongpaiere divided in three
“types”: type “first-first” (FF) corresponds to the case when both the electron and thequokive hits

in the first pixel layer, type “first-second’F§) are those pairs where one of them has a hit in the first
layer and the other does not, while for the type “second+s#c(SS) neither of them has a hit in the first
layer. The candidates of ty&S, which correspond to about 10% of the total, were discardedtd the
worse spatial resolution of the associated decay vertex.

A detailed description of the track and vertex reconstactprocedures can be found inJ40]. The
primary vertex was determined via an analytcminimization method in which tracks are approximated
as straight lines after propagation to their common poird@gest approach. The tracks with a distance
to the primary vertex, normalized to its estimated uncetyailarger than 3, which are incompatible
with being produced by primary particles, were excluded sy dlgorithm in a second iteration. The
vertex fit was constrained in the transverse plane usingrifeennation on the position and spread of
the luminous region. The latter was determined from theidigion of primary vertices reconstructed
over the run. Typically, the transverse position of the exetias a resolution that ranges from 4 in
low-multiplicity events with less than 10 charged particfeer unit of rapidity to about 1Qm in events
with a multiplicity of about 40. For each/candidate a specific primary vertex was also calculated by
excluding the Jp decay tracks, in order to estimate a systematic uncertadtdayed to the evaluation of
the primary vertex in the case of events with non-promgt as discussed in sectibh 3. The decay vertex
of the JIp candidate was computed with the same analyfianinimization as for the primary vertex,
using the two decay tracks only and without the constraith@fluminous region.

The measurement of the fraction of theyJfield coming from b-hadron decay$s, relies on the dis-
crimination of Jiy mesons produced at a distance from the pp collision verteg.signed projection of

the JI flight distance onto its transverse momentlﬁ{%f", was constructed according to the formula

Ly=L-5*/p", (1)



Prompt and non-prompt)/production at mid-rapidity in pp collisions gfs=7 TeV 5

whereL is the vector from the primary vertex to theyJdHecay vertex. The variable referred to
as “pseudoproper decay length” in the following, was intimetl to separate promptydfrom those
produced by the decay of b-hadréns

C-Lyy-m
x= 52 )
Pt

wheremy,, is the (world average) ¢/ mass|[4L].

For events with very low J/ p;, the non-negligible amount of /with large opening angle between its
flight direction and that of the b-hadron impairs the sepamnadbility. Monte Carlo simulation shows
that the detector resolution allows to determine the foaotif Ji from the decay of b-hadron for events
with J/Y p; greater than 1.3 Ge¥W/

An unbinned 2-dimensional likelihood fit was used to deteemtihe ratio of the non-prompt to inclu-
sive JIy production and the ratio of )/ signhal candidates (the sum of both prompt and non-prompt
components) to the total number of candidatieg, by maximizing the quantity

InL:iInF(x,m@e), (3)

wheremg: ¢ is the invariant mass of the electron pair & the total number of candidates in the range
2.4 <Mgie < 4.0 GeVE?. The expression foF (X, Mg ) iS

F(X,Mere-) = fsig- Fsig(X) - Msig(Me+e- ) + (1 — fsig) - Fakg(X) - Mekg(Me+e- ), (4)

whereFsig(x) andFgig(x) are Probability Density Functions (PDFs) describing theupeproper decay
length distribution for signal and background candidatespectivelyMsig(Mere- ) andMpig(Mere- ) are
the PDFs describing the dielectron invariant mass dididhe for the signal and background, respec-
tively. A Crystal Ball function[[42] is used for the former@ian exponential function for the latter. The
signal PDF is given by

Fsig(X) = fg - Fg(X) + (1~ fg) - Forompt(X) )

where FyrompX) and Fg(x) are the PDFs for prompt and non-prompi Jfespectively, andg is the
fraction of reconstructed non-promptd/

o Ny g
B

_ , (6)
N/ hg + Norompt gy

which can differ (see below) frorfy due to different acceptance and reconstruction efficiefpyampt
and non-prompt . The distribution of non-prompt /is the convolution of the distribution of J{
from b-hadron eventgg(x), and the experimental resolution BnRiype(X), which depends on the type
of candidate FF or FS),

Fa(X) = X8(X) @ Rype(X —X). ()

The resolution function is described by the sum of two Gaunssiand a power law function reflected
aboutx = 0 and was determined, as a function of gheof the JIJ, with a Monte Carlo simulation
study. In this simulation, which utilizes GEANTB[43] andcorporates a detailed description of the
detector material, geometry, and response, prongpt#re generated with g distribution extrapolated
from CDF measurements|[1] and/aistribution parameterization taken from Color EvapanatModel
(CEM) calculations[[44]. These/were individually injected into proton—proton collisiossnulated
using the PYTHIA 6.4.21 event generatbri[45, 46], and recanted as for JJ candidates in data. A

1The variablex, which was introduced ir[1], mimics a similar variable usedb-hadron lifetime measurements when the

b-hadrons are reconstructed exclusively and thereforstes andp; of the b-hadron can be used in place of those of tie J/

L C-Lyy-Mb-_had
to getCT = m/ = x’;/%a—hadroi o
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data-driven method (discussed in secfibn 3) was also deseland used to estimate the systematic un-
certainty related to this procedure. The Monte Carltistribution of J{y from the decay of b-hadrons
produced in proton-proton collisions simulated using tNdRIA 6.4.21 event generatof [45,146] with
Perugia-0 tuning47] was taken as the template forxtHestribution of b-hadron events in dapgg(x).

A second template, used to estimate the systematic unugrtaias obtained by decaying the simulated
b-hadrons using the EvtGen packa@el [48], and describindiriaé state bremsstrahlung using PHO-
TOS [49[50].

Promptly produced §/ mesons decay at the primary vertex, and their pseudopraoarydength distri-
bution is thus simply described Bype(X):

Forompt(X) = 8(X) ® Rype(X — X) = Rype(X). (8)
For the background distribution, Fgg(x), the functional form employed by CDEI[1] was used,

Feikg(X) =(1— f — f_ — fsym)Riype(X)

y f
+ [ Feexnige) 1 ot g(ox) £ 19m e ¥1om | @ Ryoe(X — X),
AL A sym

9)

wheref(x) is the step functionf., f_ and fsym are the fractions of three components with positive, neg-
ative and symmetric decay length exponential distribjorspectively. The effective parametars

A_ andAsym, and optionally also the corresponding fractions, werermeined, prior to the likelihood fit
maximization, with a fit to the distribution in the sidebands of the dielectron invariarassidistribu-
tion, defined as the regions 1.8-2.6 and 3.2-5.0 GeWhe introduction of these components is needed
because the background consists also of random combisatfoglectrons from semi-leptonic decays
of charm and beauty hadrons, which tend to produce positixaues, as well as of other secondary or
mis-reconstructed tracks which contribute both to pasiémd negative values. The first term in Ef 9,
proportional toRype(X), describes the residual combinatorics of primary pasicle

In Fig.[ the distributions of the invariant mass and the gepwoper decay length, the latter restricted
to candidates with ®2 < meie- < 3.16 GeV£E?, for opposite-sign electron pairs with> 1.3 GeVk are
shown with superimposed projections of the maximum lilaith fit result.

The value of the fit paramete, provides the fraction of non-promptyd/which were reconstructed.
In principle prompt and non-promptyl/can have different acceptance times efficienky () values.
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Fig. 1: Invariant mass (left panel) and pseudoproper decay lengght(panel) distributions of opposite sign
electron pairs foty;, | < 0.9 andpf/w > 1.3 GeVkt with superimposed projections of the maximum likelihood fit
The latter distribution is limited to the y/candidates under the mass peak, i.e. 822 my;. < 3.16 GeVL?,
for display purposes only. The? values of these projections are reported for both disiobst
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This can happen because of two effect: the A x € depends on the of the J{y and prompt and
non-prompt 3 have differentp; distributions within the consideregl range;(ii) at a givenp;, prompt
and non-prompt JJ can have different polarization and, therefore, a diffesmteptance. The fraction
of non-prompt 3y, corrected for these effects, was obtained as

-1
o — 1+1—fé. (Ax €)g (10)

fll3 <A X E>pr0mpt 7
where (A x g)g and (A x €),omp; are the average acceptance times efficiency values, in trsdeved

p: range and for the assumed polarization state, of non-pramgpprompt 1, respectively. The accep-
tance times efficiencyX(x €) varies very smoothly withp; and, for unpolarized {/ in the p; range from
1.3 to 10 GeV&, has a minimum of 8% at 2 Ge¥and a broad maximum of 12% at 7 Ge\L/]. As a
consequence, thé x €) values of prompt and non-promptddiffer by about 3% only in this integrated
p: range.

The central values of the resulting cross sections are dussuming both prompt and non-prompp J/

to be unpolarized and the variations due to different astiompare estimated as a separate systematic
uncertainty. The polarization of J/from b-hadron decays is expected to be much smaller than for
prompt Jiy due to the averaging effect caused by the admixture of veegalusive B— J/( + X decay
channels. In fact, the sizeable polarization, which is plegk when the polarization axis refers to the
B-meson direction([51], is strongly smeared when calcdlatith respect to the direction of the daughter
Jiy [A5], as indeed observed by COF [2]. Therefore, these vansiwill be calculated in the two cases
of prompt Ji with fully transverse { = 1) or longitudinal f = —1) polarization, in the Collins-Soper
(CS) and helicity (HE) reference franfeshe non-prompt component being left unpolarized.

Despite the small §/ candidate yield, amounting to about 400 counts, the datalsacould be divided
into four p¢ bins (1.3-3, 3-5, 5-7 and 7-10 Ge)//and the fractionfg was evaluated in each of them
with the same technique. At loy the statistics is higher, but the resolution is worse andsitpeal over
backgroundS/B, is smaller (i.e.fsiq is smaller). At highp, the statistics is smaller, but the resolution
improves and the background becomes negligible. In[Fige&ditstributions of the invariant mass and
the pseudoproper decay length are shown in diffepebtns with superimposed results of the fits.

3 Systematic uncertainties

The different contributions to the systematic uncertamaffecting the measurement of the fraction of
Jiy from the decay of b-hadrons are discussed in the followiefgrring to the integrateg; range, and
summarized in Tabld 1.

— Resolution function. The resolution function was determined from a Monte Camausation, as
discussed above. The fits were repeated by artificially mpdjfthe resolution function, according

to the formula L
X
Riype(X) = 1+—5Rtype < [ > )

where d is a constant representing the desired relative variatfotihe RMS of the resolution
function. Studies on track distance of closest approacihdagotimary interaction vertex in the
bending planedp) show that thep; dependence of thdy resolution as measured in the data is
reproduced within about 10% by the Monte Carlo simulatidli [#ut with a systematically worse
resolution in data. For thgr variable a similar direct comparison to data is not strdggttard,
however, the residual discrepancy is not expected to berdngn that observed fak.

2The polar angle distribution of theyl/decay leptons is given byNydcos = 1+ A cos 6.
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Fig. 2: Invariant mass (left panels) and pseudoproper decay ldrigtit panels) distributions in differeng; bins
with superimposed projections of the maximum likelihoodTite x 2 values of these projections are also reported
for all distributions.
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The variations offg obtained in the likelihood fit results by varyinyfrom —5% to +10% are
+8% and —15%, respectively, and they were assumed as th@ar@ist uncertainty due to this
contribution.

An alternatively, data-driven, approach was also coneiilet hex distribution of the signal, com-
posed of prompt and non-prompt/d/was obtained by subtracting thRelistribution of the back-
ground, measured in the sidebands of the invariant mas#disin. This distribution is then fitted
by fixing the ratio of prompt to non-promptyto that obtained from the likelihood fit and leaving
free the parameters of the resolution function. The RMS effitited resolution function is found
to be 8% larger than the one determined using the Monte Cianldation, hence within the range
of variation assumed fab.

— Pseudoproper decay length distribution of background.The shape of the combinatorial back-
ground was determined from a fit to tkeistribution of candidates in the sidebands of the invarian
mass distribution. By varying the fit parameters within tieerors an envelope of distributions was
obtained, whose extremes were used in the likelihood fitangbf the most probable distribution.
The variations in the result of the fit were determined andptetb as systematic uncertainties.
Also, it was verified that the distribution obtained for like-sign (LS) candidates, withariant
mass in the range from 2.92 to 3.16 Ged/tomplementary to the sidebands, is best fitted by a
distribution which falls within the envelope of the OS distitions. Finally, the likelihood fit was
repeated by relaxing, one at a time, the parameters of tltidmal form (Eq[P) and it was found
that the values ofg were within the estimated uncertainties. The estimate@syaic uncertainty
is 6%.

— Pseudoproper decay length distribution of b-hadronsThe fits were also done using as template
for thex distribution of b-hadronsyg (x), that obtained by the EvtGen package [48], and describing
the final state bremsstrahlung using PHOTOS[[49, 50]. Theaeralues of the fits differ by a few
percent at most and the resulting systematic uncertairg9ois

— Invariant mass distributions. The likelihood method was used in this analysis to fit simulta
neously the invariant mass distribution, which is sensitir the ratio of signal to all candidates
(fsig), and thex distribution, which determines the ratio of non-promptignal candidatesfg).
The statistical uncertainties on these quantities weretbee evaluated together, including the
effects of correlations. However, the choice of the functilescribing the invariant mass distri-
bution, as well as the procedure, can introduce systematertainties in the evaluation dg.
Different approaches were therefore conside(@dhe functional form describing the background
was changed into an exponential plus a constant and the diateq(ii) the background was de-
scribed using the LS distribution and the signal was obthlnesubtracting the LS from the OS
distributions. The signal and the background shapes wéeerdmed withy 2 minimizations. Both
functional forms, exponential and exponential plus a amstvere considered for the background.
The likelihood fit was then performed again to determfagland fsjg); (iii) the same procedure
as in(ii) was used, but additionalljsjy was estimateé priori using a bin counting metho@[117]
instead of the integrals of the best fit functions. The maxinikelihood fit was performed with
fsig fixed to this new value(iv) and(v) the same procedures as(ii) and(iii) were used but with
the background described by a track rotation (TR) methoH [17

Half of the difference between the maximum and minimégnvalues obtained with the different
methods was assumed as systematic uncertainty. It amauai®tt 6%.

— Primary vertex. The effect of excluding the decay tracks of thgg #andidate in the computation
of the primary vertex was studied with the Monte Carlo sirtiata on the one hand, for the prompt
Jiy, thex resolution function is degraded, due to the fact that twerpitracks are not used in the
computation of the vertex, which is thus determined witk Bascuracy. The effect on the resolution
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Table 1: Systematic uncertainties (in percent) on the measurenféhedraction of Jiy from the decay of b-
hadrons,fg. The variations offg are also reported, with respect to the case of both promphaneprompt 3y
unpolarized, when assuming the prompt component with giodarization.

Source Systematic uncertainty (%)
p: integrated| lowestp; bin | highestp; bin
Resolution function +8, —15 +15, =25 +2, -3
x distribution of backgroung +6 +13 +1
x distribution of b-hadrons +3 +3 +2
Me: o distributions +6 +11 +4
Primary vertex +4, -5 +4 +4, -8
MC p; spectrum +1 0 0
Total +12,-18 +23, -30 +6, -9
Polarization (prompt §)
Csp=-1 +13 +22 +5
CSQA=+1) -10 -19 -3
HEQA =-1) +17 +19 +11
HE (A =+1) -14 -16 -8

is p; dependent, with the RMS of thedistribution of prompt 1f increasing by 15% at loye; and

by 7% at highp;. On the other hand, for non-promptJA bias on thex determination should be
reduced. The bias consists in an average shift of the primentgx towards the secondary decay
vertex of the b-hadrons, which is reflected in a shift of themef thex distribution by about 4im

for the py-integrated distribution. However, the shift jis and “type” dependent. In some cases
the bias is observed in the opposite direction and is enldmgeemoving the decay tracks of the
candidate. This can happen since b-quarks are always @ddangairs. If a charged track from
the fragmentation of the second b-quark also enters theotantee, it can pull the primary vertex
position towards the opposite direction. In the end, ttweefthe primary vertex was computed
without removing the decay tracks of the candidates. Tonedé the systematic uncertainty, the
analysis was repeated by eith€ removing the decay tracks in the computation of the primary
vertex and using the corresponding worse resolution fandti the fit or (i) keeping those tracks
and introducing aad hoc shift in the distribution of the(g(x), equal to that observed in the Monte
Carlo simulation for non-prompt . The contribution to the systematic uncertainty is about 5%

— MC p; spectrum. The ratio%t in Eq.[10 was computed using MC simulations: prompgt J/
promp

were generated with thg distribution extrapolated from CDF measuremehts [1] aedttistri-
bution parameterized from CEN44]; b-hadrons were geeedrasing the PYTHIA 6.4.21745.,46]
event generator with Perugia-0 tunirig][47]. By varying theragep; of the J{ distributions
within a factor 2, a 1.5% variation in the acceptance wasioétbboth for prompt and non-prompt
JIY. Such a small value is indeed a consequence of the weddpendence of the acceptance. For
the measurement integrated oywei(p;> 1.3 GeVk), the A x ¢ values of prompt and non-prompt
JIy differ by about 3% only. The uncertainty due to Monte Caxlalistributions is thus estimated
to be 1%. When estimatints in p; bins, this uncertainty is negligible.

— Polarization. The variations offg obtained assuming different polarization scenarios fer th
prompt component only were evaluated, as discussed iroa¢dtiand are reported in Talile 1.
The maximum variations are quoted as separate errors.

The study of systematic uncertainties was repeated as &doraf p;. In Table[d the results are sum-
marized for the integrateg; range @;> 1.3 GeVk) and for the lowest (1.3-3 Geb®y and highest (7-
10 GeVE) p; bins. All systematic uncertainties increase with decrappij, except the one related to the
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primary vertex measurement.

4 Results

4.1 Fraction of J/y from the decay of b-hadrons

The fraction of Jp from the decay of b-hadrons in the experimentally accessilnliematic rangep; >
1.3 GeVk and|y| <0.9, which is referred to as “measured region” in the follogyiis

fg = 0.149+ 0.037(stat)fg:g%g(syst)fgzggimii)l) (systpol.).
The fractions measured in thpg bins are reported in Tablé 2 and shown in Eig. 3. In the figine data
symbols are placed at the average value ofghdistribution of each bin. The average was computed
using the above mentioned Monte Carlo distributions: the lmased on the CDF extrapolatidnl[44] and
that using PYTHIA [45[46] with Perugia-0 tuning_[47] for pnpt and non-prompt §/, respectively,
weighted by the measurefg. In Fig.[3 the results of the ATLAS[16] and CM&]18] experinen
measured at mid-rapidity for the same colliding system &e shown. The ALICE results extend the
mid-rapidity measurements down to lqw

To calculate the d/dy of prompt JiIy, the measured fractiofy was extrapolated tp;=0 according to

]céextr‘(pt > 0) — g, fB(pt > 1.3 GeV/C)

oar  fgedelp > 0) (11)

o =
foodel p > 1.3GeV/c)’

where fé“c’de' is a semi-phenomenological function modeled on existing.ddts functional form is

defined as
daFONLL

G

fénOdeI(pt) - do_phe[r::tom ’ (12)
Yy
dydp

i.e. the ratio of the differential cross section for nonyppi Jiy, as obtained by an implementation
of pQCD calculations at fixed order with next-to leading-l@gummation (FONLL)[[31], to that for
inclusive Jii, parameterized by the phenomenological function defingsidh

do _ ox — 2
dzdy = (1+a2@)"’

wherez = p/(py) anda=1T(3/2)[ (n—3/2)/I' (n—1). A combined fit to the existing results é§ in

pp collisions at 7 TeV, namely that of the present analysiscATLAS [16], CMS [18] and LHCbI[[1b]

in the rapidity bin closest to mid-rapidity, was performedietermine the parameters of the phenomeno-
logical parameterization, in particular the averggé(p;)) and the exponent. The value of the normal-
ization constant does not influence the extrapolation facts™. The exclusion of the forward rapidity
LHCb data points from the fit results in@value larger by 10%, the other parameters staying within
the errors. The extrapolation factor, computed with thisraach, isa®" = 0.99370529. To estimate
the quoted uncertainties, the fit was repeatedipgxcluding the LHCb data points, which are not at
mid-rapidity, and(ii) using for the non-prompt (/ cross section the upper and lower uncertainty limits
of the FONLL prediction, instead of the central value. In this way different 1-sigen@r contours in
the (p;) andn parameter space were obtained, and the maximum and miniraluesvofa®" on these
contours were computed and used to obtain the uncertaimti€sg.[3 the best fit function is shown as a
function of p; superimposed to the data points.

(13)

3The FONLL theoretical uncertainties were obtained by vagythe factorization and renormalization scales, as destri
later in sectiofiZ]3.
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Table 2: The fraction of J from the decay of b-hadrons and cross sections. Some of titelmdions to the
systematic uncertainty do not dependmnthus affecting only the overall normalization, and they separately

quoted (correl.). The contributions which dependmneven when they are correlated bin by bin, were included
among the non-correlated systematic errors. The valuesmt> were computed using Monte Carlo distributions
(see text for details).

pt < pt> Measured Systematic uncertainties
GeVilc GeVic quantity Correl. Non-correl.  Extrap. Polariz., CS PolarizE
fs (%)
1.3-3.0 202 2+74 0 +2.1,-28 0 +2.0,-1.7 +1.7,-1.5
3.0-5.0 3.65 183+38 O +15,-21 O +1.3,-1.0 +2.1,-3.0
5.0-7.0 5.75 22+72 0 +1.6,-2.1 O +0.2,-0.2 +3.5,-2.6
7.0-10.0 8.06 30+138 O +1.8,-28 O +1.5,-0.9 +3.4,-2.5
p>13 2.85 149+37 O +1.8,-2.7 O +1.9,-15 +2.5,-2.1
pi> 0 241 148+37 O +1.8,-2.7 +0.2,-0.5 +2.4,-1.6 +2.5,-1.9
dzUJ/w/dydpt <$\9/c)
1.3-3.0 2.02 1544 180 +60 +220 0 +350, —270  +290, -250
3.0-5.0 3.65 626110 420 +80 0 +40, —60 +150, —80
5.0-7.0 5.74 35660 +10 +40 0 +3, -3 +40, —40
7.0-10.0 8.06 5@ 20 +2 +10 0 +2,-3 +4, -5
dzo-prompt.}’l,u/dydpt <$\t/)/c)
1.3-3.0 202 1406200 +50 +200 0 +350,-280  +280, —240
3.0-5.0 3.65 546100 420 +70 0 +50, =50 +150, —80
5.0-.7.0 5.74 27650 +10 +30 0 +3, -3 +40, -50
7.0-10.0 8.03 3515 +1 +7 0 +1, -2 +4, -5
Uprompt.yw(|YJ/w| < 0-9) (ub)
p>1.3 281 721+0.69 +0.97, -0.99 0 +0.87,-1.01 +1.32,-1.25
p:>0 2.37 911+4+0.93 +1.38,-1.40 +0.05,-0.02 +1.37,-1.46 +1.64,-1.55
T3/ g ([Yyypl <0.9) (ub)
p>13  3.07 126+0.33 +0.23, -0.28 0 0 0
p>0 2.62 153+0.40 +0.28, -0.34 +0.02,-0.05 O 0
dbe_/dy| ly|<0.9 (Hb)
37.2+9.8 +7.5,-9.0 +0.5,-1.3 0 0
Oy (HDb)
244+ 64 +50, =59 +7, -6 0 0
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Fig. 3: The fraction of J from the decay of b-hadrons as a functionppfof J/iy compared with results from
ATLAS [L6] and CMS [I8] in pp collisions at/s =7 TeV. The error bars represent the quadratic sum of the
statistical and systematic errors. Superimposed is thégkemomenological functiomg“’de' used to extrapolate
down top; = 0.

4.2 Prompt J/Y production

By combining the measurement of the inclusivgy &foss section, which was determined as described
in [L7], and thefg value, the prompt §/ cross section was obtained:

Oprompt Jy = (l— fB) “0y/y- (14)

The numerical values of the inclusiva/dtross section in the, ranges used for this analysis are sum-
marized in Tabld]2. In the measured region the integratesscsection iSUpompt yy (Y| < 0.9, pt >

1.3GeV/c) =7.2+0.7(stat) + 1.0(syst)j:§m§j)l ub. The systematic uncertainties related to the un-

known polarization are quoted for the reference frame wtrexg are larger.

The differential distributiondzat‘;;’ti"&s}“ is shown as a function qgf in Fig.[4 and the value oFromotyy

is plotted in Fig[b. The numerical values are summarizedahld[2. In Fig[} the statistical and
all systematic errors are added in quadrature for bettépiNtg, while in Fig. B the error bar shows
the quadratic sum of statistical and systematic errorsepxfor the 3.5% systematic uncertainty on
luminosity and the 1% on the branching rat®R.), which are added in quadrature and shown as box.
The results shown in Figl 4 and Fid. 5 assume unpolarizgg@dduction. Systematic uncertainties due
to the unknown Jp polarization are not shown. Results by the CMS[[14,18], LHIE) and ATLAS [16]
Collaborations are shown for comparison. Also for thesa tta¢ uncertainties due to luminosity and to
the B.R. are shown separately (boxes) in Hib. 5, while the error lgresent the statistical and the other
sources of systematic uncertainties added in quadrature.

The ALICE (Fag;)f’”;t‘*“” measurement at mid-rapidity (FI3. 4) is complementary éodita of CMS, avail-
able for|y| < 0.9 andp; > 8 GeVk, and ATLAS, which covers the regidyg| < 0.75 andp; > 7 GeVk.
The results are compared to next-to-leading order (NLO)nedativistic QCD (NRQCD) theoretical
calculations by M. Butenschdon and B.A. Kniefl[19] and Y.4Q@a et al. [20]. Both calculations in-
clude color-singlet (CS), color-octet (CO), and heaviearoionium feed-down contributions. For one
of the two models (M. Butenschon and B.A. Kniehl) the pantesults with only the CS contribution
are also shown. The comparison suggests that the CO precassidispensable to describe the data.
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The results are also compared to the model of V.A. Saleev #| which includes the contribution of
partonic sub-processes involving t-channel parton exgdsand provides a prediction downgo= 0.

The ALICE result forw"'#’“” (Fig.[d) is obtained using§*™ and equals

do, _

%‘”w —5.06+ 0.52(stat)fgjﬁ(syst)fgjgf(extr.)fggéﬁ:;% ub.
It is worth noting that the extrapolation uncertainty is ligigle with respect to the other systematic
uncertainties. In Fidl5 the CMS and LHCb results for thed#pibins where they coverage extends
down to zero were selected. For CMS, the value f@& < |y| < 2.4 was obtained by integrating the
published aopromptw/dptdy data [14]. The ALICE data point at mid-rapidity complemetits LHC
measurements of promptyd/production cross section as a function of rapidity. Its @ntalue is
slightly below the trend suggested by the LHCb and CMS daiatf0A similar behaviour was already
observed when comparing the results on the inclusiwepdbduction [1¥], with the ALICE data points,
including those at forward rapidity, being slightly beloat of LHCb and CMS, but still in agreement
within the systematic uncertainties. One should note tmatincertainties of the data sets of the three
experiments are uncorrelated, except for that (negliyiblehe B.R., while within the same experiment
most of the systematic uncertainties are correlated. Tédigiion of the model by V.A. Saleev et dl.]21]
at mid-rapidity providesf”"'%w = 7.8:%; ub, which, within the large band of theoretical uncertaiitie
is in agreement with our measurement.

4.3 Beauty hadron production

The cross section of g/ from b-hadrons decay was obtaineda@gy._, = fg - 03/y. In the measured
region it is
Oy ng (Pt > 1.3GeV/c, |y| < 0.9) = 1.26+0.33(stat) "5 55(syst) ub.

This measurement can be compared to theoretical calausakiased on the factorization approach. In
particular, the prediction of the FONLLIB1], which des@&sbwell the beauty production at Tevatron en-
ergy, provides[53] B3' 533 ub, in good agreement with the measurement. For this calcal@TEQ6.6
parton distribution functiond [54] were used and the theoak uncertainty was obtained by varying
the factorization and renormalization scalgs,and g, independently in the rangess0< pg/m; <2,

0.5 < ur/m; < 2, with the constraint & < /g < 2, wherem, = |/ p? + mg The beauty quark mass
was varied within 6 < m, < 5.0 GeVKEZ2.

The same FONLL calculations were used to extrapolate thesaection of non-prompt/down to
pr equal to zero. The extrapolation factor, which is equal 812753 was computed as the ratio of

the cross section fopf/‘p > 0 and|yy/y| < 0.9 to that in the measured regiopf/(w > 1.3 GeVk and
IYywl < 0.9). Using the PYTHIA with Perugia-O tuning event generatwstéad of FONLL provides
an extrapolation factor of.156. The measured cross section corresponds thus to aleoB®% of the
pi-integrated cross section at mid-rapidity. Dividing by tapidity rangeAy = 1.8 one obtains

doy/yhg

dy

In Fig.[d this measurement is plotted together with the LHTH] hbnd CMS[[14] data at forward rapidity.
For CMS the values for.2 < |y| < 1.6 and 16 < |y| < 2.4 were obtained by integrating the published
dzaJ/thB /dpdy data [T4]; the value for .2 < |y| < 1.6 was also extrapolated fropf"" = 2.0 GeVk

to pr = 0, with the same approach based on the FONLL calculations.ekxtrapolation uncertainties are
shown in Fig[® as the slashed areas. The central FONLL piedliand its bands of uncertainties are
also shown superimposed. A good agreement between datheorg {s observed.

— 0.85+0.22(stat) 715 (syst) 592 (extr.) ub.
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to theoretical calculation§P0.19]21]. The error barsespnt the quadratic sum of the statistical and systematic

uncertainties.

A similar procedure was used to derive tkEechark—pair production cross section

h
doyg; o™ ) Ty (P1Y > 1.3GeV/c, lyyy| < 0.9) s
o h J ’
dy dy oj/zciyhB(pt/w > 1.3GeV/c, lyyy| < 0.9)

where the average branching fraction of inclusive b-hadi@rays to J) measured at LEFP [55,H56.157],

B.R.(hy — J/@+ X) = (1.16+0.10)%, was used in the computation @j}iﬂyhs. The extrapolation with

the FONLL calculations provideS® — 37.2+ 9.8(stat) "{5(syst) "05(extr) ub. Using the PYTHIA
with Perugia-0 tuning event generator (with the EvtGen pgekto describe the particle decays) instead
of FONLL results in a central value of 35.0 (3 ub. A compilation of measurements ofig/dy at
mid-rapidity is plotted in FigJ7 as a function ¢fs, with superimposed FONLL predictions.

Finally, the total Ib cross section was obtained as

GJ/thB(pf/w > 1.3GeV/c, |yyyl <0.9)

o‘(ppﬁ bt_)—i-X):aMT 2. B.R.(hb—>J/LIl+X) ’

(16)

where ay;; is the ratio of J@ (from the decay of b-hadrons) in the full space to the numbbehase
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errors, while the systematic uncertainties on luminositgt Branching ratio are shown as boxes around the data
points. The symbols are plotted at the center of each bin.OM8& value was obtained by integrating the pub-
lished c?ap,omptw/dptdy data measured for.8 < |y| < 2.4 [14]. The results obtained in the forward region by
LHCDb [15] are reflected with respectyo= 0 (open symbols).
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Fig. 6: da"/"j% as a function ofy. The error bars represent the quadratic sum of the stafistid systematic
errors, while the systematic uncertainties on luminositgt Branching ratio are shown as boxes. The systematic
uncertainties on the extrapolation pp = O are indicated by the slashed areas. The CMS values weagebt

by integrating the publisheonJ/wfmmB/dptdy data measured for.2< |y| < 1.6 and 16 < |y| < 2.4 [14]. The
results obtained in the forward region by LHCQBI[15] are re#dcwith respect toy = 0 (open symbols). The
FONLL calculation [31[ 58] (and its uncertainty) is repnetegl by solid (dashed) lines.
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Fig. 7: do;/dy at mid rapidity as a function af/sin pp (PHENIX [58] and ALICE results) and p p (UAL]23] and
CDF [22] results) collisions. The FONLL calculatidn]87T]%8nd its uncertainty) is represented by solid (dashed)
lines.

in the measured regio}yyy| < 0.9 and pf/w > 1.3 GeVk. The FONLL calculations provide,; =
4.49312 which produceso(pp— bb + X) = 244+ 64(stat) " 25(syst) i (extr.) pb. The extrapola-
tion factor as; was also estimated using PYTHIA with Perugia-0 tuning anghébto be equal to
afYTHIA — 4.20. This measurement is in good agreement with those of tetlékperiment, namely
288+ 4(stat) 4+ 48(syst) ub and 284+ 20(stat) + 49(syst) ub, which were based on the measured
cross sections determined in the forward rapidity rangenfoehadron decays intg/ X and DPuvX,

respectively[[1H, 35].

5 Summary

Results on the production cross section of promgit dhd JI{ from the decay of b-hadrons at mid-
rapidity in pp collisions at/s = 7 TeV have been presented. Th& Yheson was reconstructed in
the decay channel/{y — e*e for p; > 1.3 GeVk using the ALICE detector. The measured cross
sections have been compared to theoretical predictiorslmasQCD and results from other experiments.
Prompt Jiy production is well described by NLO NRQCD models that inelumblor-octet processes.
The cross section of ¥/ from b-hadron decays is in good agreement with the FONLL iptied [53],
based on perturbative QCD. The ALICE results at mid-rapidibvering a lowerp; region down to

p: = 1.3 GeVk, is complementary to that of ATLAS and CMS experiments waod available for J

pr above 6.5 GeW. Using FONLL calculations[]53], the mid-rapidityotfdy and the total production
cross section of b pairs were determined to be .27 9.8(stat)"Z3(syst) $3(extr.) ub and 244+
64(stat) F29(syst) {(extr.) ub, respectively.

References

[1] D. Acosta et al. (CDF Collaboration), Phys. RBx1, 032001 (2005).

[2] A. Abulencia et al. (CDF Collaboration), Phys. Rev. L&9, 132001 (2007).
[3] S. Abachi et al. (DO Collaboration), Phys. LeBt370, 239 (1996).

[4] B. Abbott et al. (DO Collaboration), Phys. Rev. Le8®, 35 (1999).

[5] A. Adare et al. (PHENIX Collaboration), Phys. Rev. L&8 232002 (2007).



18 The ALICE Collaboration

[6] N. Brambilla et al., Eur. Phys. £71, 1534 (2011).

[7] J.P. Lansberg, Int. J. Mod. Phys21, 3857 (2006).

[8] M. Butenschoen and B. A. Kniehl, Phys. Rev. Léttpress, arXiv:1201.1872 (2012).
[9]

9] K.-T. Chao, Y.-Q. Ma, H.-S. Shao, K. Wang, and Y.-J. ZhaRhys. Rev. Lettin press,
arXiv:1201.2675 (2012).

[10] K. Aamodt et al. (ALICE Collaboration), Phys. Rev. LetD8 082001 (2012).

[11] B. Gong and J.-X. Wang, Phys. R&/78, 074011 (2008).

[12] J.P. Lansberg, Eur. Phys.Q.61, 693(2009).

[13] B. Gong, X.Q. Liand J.-X. Wang, Phys. LeB673 197(2009).

[14] V. Khachatryan et al. (CMS Collaboration), Eur. PhysC31, 1575 (2011).

[15] R. Aaij et al.(LHCb Collaboration), Eur. Phys.Q71, 1645 (2011).

[16] G. Aad et al. (ATLAS Collaboration), Nucl. PhyB850, 387 (2011).

[17] K. Aamodt et al. (ALICE Collaboration), Phys. LeB704, 442 (2011).

[18] S. Chatrchyan et al. (CMS Collaboration), J. High Epdpipys.2, 011 (2012).

[19] M. Butenschon and B.A. Kniehl, Phys. Rev. Lei@6 022003 (2011).

[20] Y.-Q. Ma, K. Wang, K.T. Chao, Phys. Rev. Let06 042002 (2011).

[21] V.A. Saleev, M.A. Nefedov and A.V. Shipilova, Phys. REV85, 074013 (2012).

[22] C. Albajar et al. (UA1 Collaboration), Phys. Le.213 405 (1988).

[23] C. Albajar et al. (UA1 Collaboration), Phys. Le.256, 121 (1991).

[24] F. Abe et al. (CDF Collaboration), Phys. Rev. L&, 1451 (1995).

[25] S. Abachi et al. (DO Collaboration), Phys. Rev. L&#, 3548 (1995).

[26] D. Acosta et al. (CDF Collaboration), Phys. RBX85, 052005 (2002).

[27] Y.M. Zaitsev (HERA-B Collaboration), Phys. At. Nud2, 675 (2009).

[28] M. Cacciari and M. Greco, Nucl. PhyB.421, 530 (1994).

[29] M. Cacciari, M. Greco and P. Nason, J. High Energy PB$s007 (1998).

[30] M. Cacciari, P. Nason, hep-ph/0204025.

[31] M. Cacciari, S. Frixione, M.L. Mangano, P. Nason, andR&lolfi, J. High Energy Phy€7, 033
(2004).

[32] V. Khachatryan et al. (CMS Collaboration), Phys. ResttL 106 112001 (2011).

[33] S. Chatrchyan et al. (CMS Collaboration), Phys. Rett.l166 252001 (2011).

[34] S. Chatrchyan et al. (CMS Collaboration), Phys. Hzg84, 052008 (2011).

[35] R. Aaijetal. (LHCb Collaboration), Phys. Le®.694, 209 (2010).

[36] V. Khachatryan et al. (CMS Collaboration), J. High EspePhys.03, 090 (2011).

[37] K. Aamodt et al. (ALICE Collaboration), JINS3, S08002 (2008).

[38] K. Aamodt et al. (ALICE Collaboration), JINS3, P0O3003 (2010).

[39] J. Alme et al. (ALICE Collaboration), Nucl. Inst. MetA622, 316 (2010).

[40] B. Abelev et al. (ALICE Collaboration), J. High Energynys. 1, 128 (2012).

[41] K. Nakamura et al. (Particle Data Group), J. Phy87, 075021 (2010).

[42] J.E. Gaiser, Ph.D. Thesis (pag.178), SLAC-R-255 (1982

[43] R.Brun etal., CERN Program Library Long Write-up, WS)GEANT Detector Description and
Simulation Tool (1994).

[44] D. Stocco et al., ALICE Internal Note ALICE-INT-200620,
https://edms.cern.ch/document/803009/1.

[45] T. Sjostrand, Comput. Phys. Comm@&2, 74 (1994).



Prompt and non-prompt)/production at mid-rapidity in pp collisions gfs=7 TeV 19

[46] T. Sjostrand, S. Mrenna and P. Skands, JWBR026 (2006).

[47] P.Z. Skands, arXiv:1005.3457 (2010).

[48] D.J. Lange, Nucl. Instrum. MetlA 462, 152 (2001).

[49] E. Barberio, B. van Eijk and Z. Was, Comput. Phys. Comn@@n115 (1991).
[50] E. Barberio and Z.Was, Comput. Phys. Commi).291 (1994).

[51] B. Aubert et al. (BaBar Collaboration), Phys. RBv67, 032002 (2003).

[52] F. Bossu, Z. Conesa del Valle, A. de Falco et al., arkKig3.2394 (2011).

[53] M. Cacciari, S. Frixione, N. Houdeau, M.L. Mangano, Raddn and G. Ridolfi, CERN-PH-
TH/2011-227 (2011).

[54] P.M. Nadolsky et al., Phys. Red. 78, 013004 (2008).

[55] P. Abreu et al. (The DELPHI Collaboration), Phys. L&t341, 109 (1994).

[56] O. Adriani et al. (The L3 Collaboration), Phys. La&317, 467 (1993).

[57] D. Buskulic et al. (The ALEPH Collaboration), Phys. t.& 295 396 (1992).

[58] A. Adare et al. (The PHENIX Collaboration), Phys. Reetl._103 082002 (2009).

6 Acknowledgements

The ALICE collaboration would like to thank M. ButenschamdaB.A. Kniehl, Y.-Q. Ma, K. Wang and
K.T. Chao, and V.A. Saleev, M.A. Nefedov and A.V. Shipilov faroviding their theoretical computa-
tions of thep; differential production cross section of prompgJand M. Cacciari for predictions in the
FONLL scheme.

The ALICE collaboration would like to thank all its engineeand technicians for their invaluable con-
tributions to the construction of the experiment and the SERcelerator teams for the outstanding
performance of the LHC complex.

The ALICE collaboration acknowledges the following fungliagencies for their support in building and
running the ALICE detector:

Calouste Gulbenkian Foundation from Lisbon and Swiss Féidisgan, Armenia;

Conselho Nacional de Desenvolvimento Cientifico e Temgiob (CNPq), Financiadora de Estudos e
Projetos (FINEP), Fundacao de Amparo a Pesquisa do&dm&ao Paulo (FAPESP);

National Natural Science Foundation of China (NSFC), thm&¥e Ministry of Education (CMOE) and
the Ministry of Science and Technology of China (MSTC);

Ministry of Education and Youth of the Czech Republic;

Danish Natural Science Research Council, the Carlsbergdation and the Danish National Research
Foundation;

The European Research Council under the European Comrisudétyenth Framework Programme;
Helsinki Institute of Physics and the Academy of Finland;

French CNRS-IN2P3, the ‘Region Pays de Loire’, ‘Region A&sa ‘Region Auvergne’ and CEA,
France,;

German BMBF and the Helmholtz Association;

General Secretariat for Research and Technology, MinigtBevelopment, Greece;

Hungarian OTKA and National Office for Research and TechmolKTH);

Department of Atomic Energy and Department of Science astifi@ogy of the Government of India;
Istituto Nazionale di Fisica Nucleare (INFN) of Italy;

MEXT Grant-in-Aid for Specially Promoted Research, Japan;

Joint Institute for Nuclear Research, Dubna;

National Research Foundation of Korea (NRF);

CONACYT, DGAPA, México, ALFA-EC and the HELEN Program (Hiig=nergy physics Latin-American—
European Network);



20 The ALICE Collaboration

Stichting voor Fundamenteel Onderzoek der Materie (FOM) @re Nederlandse Organisatie voor
Wetenschappelijk Onderzoek (NWO), Netherlands;

Research Council of Norway (NFR);

Polish Ministry of Science and Higher Education;

National Authority for Scientific Research - NASR (Autotga Nationala pentru Cercetare Stiintifica -
ANCYS);

Federal Agency of Science of the Ministry of Education an@Se of Russian Federation, International
Science and Technology Center, Russian Academy of ScieRcssian Federal Agency of Atomic En-
ergy, Russian Federal Agency for Science and InnovatiodsSC&ERN-INTAS;

Ministry of Education of Slovakia;

Department of Science and Technology, South Africa;

CIEMAT, EELA, Ministerio de Educacion y Ciencia of Spainuita de Galicia (Conselleria de Edu-
cacion), CEADEN, Cubaenergia, Cuba, and IAEA (Inteoral Atomic Energy Agency);

Swedish Research Council (VR) and Knut & Alice Wallenbergiiaation (KAW);

Ukraine Ministry of Education and Science;

United Kingdom Science and Technology Facilities Cour8iTEC);

The United States Department of Energy, the United Statéimmé Science Foundation, the State of
Texas, and the State of Ohio.



Prompt and non-prompt)/production at mid-rapidity in pp collisions gfs=7 TeV 21

A The ALICE Collaboration

B. Abele® J. Adar® D. AdamovEa A.M. AdardZ, M. M. Aggarwa, G. Aglieri Rinell&,

A.G. Agocm, A. Agostinelllm, S. Aguilar Salaz&8, Z. AhammeBE A. Ahmad Masoo®, N. Ahma&=,
S.A. A, s.u. AhBAIEE A AkindinoVBE, D. Aleksandrof, B. Alessandi@®, R. Alfaro Molind,

A. AliciZdE A AlkinB E. Almaraz AvinBa, J. AIm&D, T. A v, AltiniZd, S, Altinpinafd, 1. Altsybeel™ 2,
C. Andref@ A. Androni@ V. Anguelo®d, J. Anielskfd, C. Ansof, T. Antitid® F. Antinorf,

P. Antoniol®d, L. Aphecetch®2, H. AppelshausBA, N. ArboFd S, ArcellE, A. Arend®d N. Armest§2,

R. Arnald®, T. AronssoR&, |.C. ArsenB, M. Arslandofd A. Asryarm, A. Augustinugm, R. Averbeci&d,
T.C. Awe¥a 3. Aystd M.D. AzmE M. Bact A. Badal&, Y.W. BaeIE R, Bailhach®?, R. Bal&,
R. Baldini Ferrofd, A. Baldissef, A. Baldif, F. Baltasar Dos Santos Ped®3a). Ba#d, R.C. Bard®),

R. BarberBd, F. Bariléd G.G. Barnafoldd, L.S. Barnb§ V. Barre®a J. BartkEZ M. BasiléD,

N. Bastid®, S. Bast® B. BatheRd G. Batign®, B. BatyunyB3, C. Baumar?, 1.G. BeardeD,

H. BeclEd, |. BelikoV® F. BellinPH, R. Bellwied™d E. Belmont-Morere®, G. Benced®, S. Beol&,

. Bercean®@ A. Bercud@, Y. Berdniko$™, D. Beren)m, A.AE. Bergognoﬁm, D. Berzan®4, L. Bete®®,
A. Bhasifd, A K. Bhatf4, J. BhorfH2, L. BianchP, N. BiancH®, C. Bianchiftd, J. Bielgiled],

J. BieleikovEa, A. Bilandzi@d s Bjelogrli®, F. Blanc&, F. Blanc8, D. Blald, C. Blum&2,

M. Bocciold, N. Bocl= S, BottgdtH, A. Bogdano®, H. Baggild™, M. Bogolyubsk¥3, L. Boldizsakd,

M. BombarE4, J. Bookd, H. Boreld, A. Borisso# ™, S. BosB, F. BossBa, M. Botjém, B. Boye@,

E. Braido®d, p. Braun-Munzing@, M. Bregarﬁlm, T. BreitneRl, T.A. Brownin@m, M. Bro£3, R. Bruf®,

E. Brun&IE G E. Brun&4, D. Budniko®d, H. Bueschin@, S. Bufalin®E4 Bugaiep, O. Busch2,

Z. ButheleZ® D. Caballero Orduf@d, D. Caffardd, X. Cafd H. CaineB& E. Calvo VillaE p. Camerif@,
V. Canoa Rom&AM G. Cara Romd&, F. Caren@d, W. Carend, N. Carlin Filhd®d, F. Carminabd,

C.A. Carrillo Montoy&3, A. Casanova Di&2, J. Castillo CastellanB%, J.F. Castillo Hernand&2,

E.A.R. Casul® V. Catanesd®, C. CavicchioRd, C. Ceballos SanchBzJ. Cepilﬁm, P. Cerell84,

B. Chan&zm, S. Chapelar@, J.L. Charvddd s, Chattopadhym, S. Chattopadhy@l, |. Chawl&4,

M. Chernegﬂ, C. Cheshkd@H B, Cheyni@, V. Chibante Barro$&, D.D. Chinellat§®, p. Chochul@2,
M. Chojnackf® S. Choudhu8, p. ChristakogldAE, C.H. Christensd®, P. Christiansd®, T. Chujd™3,
S.U. ChunB C. Cical®® L. Cifarell@Z3E £ Cindol64, J. Cleymar®, F. Coccetf, F. Colamarigd,

D. Colell#d, G. Conesa Balbask®, . Conesa del Vali&, P. Constantfd, G. Contifd, J.G. Contrerdd,
T.M. CormieF, Y. Corrales Morald®, P. Corted®, |. Cortés Maldonad®, M.R. Cosentin®4, F. CostB,
M.E. Cotalléd, E. CresciBl, P. Croch&3, E. Cruz Alani®, E. Cuautled, L. Cunqueir@, A. DainesBE,
H.H. Dalsgaat@®, A. Dan®, D. Da$3 |. Da$d K. Da$d S. DasAd, A. Dasid s, p&IE,

G.0.V. de Barrd8H, A. De CarE8H G. de Catald® J. de Cuvelal®, A. De Falc8d, D. De GruttolBZ,

H. Delagrandgm, A. Deloff@ v. Demano¥ N. De Marc84, E. Dendd, S. De Pasque@@,

A. Deppmaﬁm, G. D ErasmB4, R. de Rooﬁm, M.A. Diaz Corcher, D. Di BarP4, T. DietePd,

S. Di Libertd® A. Di Maurd™, p, Di Nezz83, R. Dividd, @. Djuvslan@, A. Dobriff 23

T. Dobrowolskf, |. Domingue®, B. Donigu§a, O. Dordid, O. Drigda A K. Dubey L. Ducrou®d,
P. Dupieuf M.R. Dutta Majumdd®, A K. Dutta Majumdd®, D. Elid® D. Emscherma®, H. Engehl,
H.A. ErdafT, B. Espagnd®®, M. Estiennf™, S. Esunf®@, D. EvanS8d G. Eyyubov&d, D. FabrifIE

J. Faivr®4 D. Falchiefd, A. Fantorfa M. Fasdl, R. Fearicl, A. Feduno® D. Fehlkef L. Feldkamﬁm,
D. FeleBd, B. Fenton-Ols, G. Feofilo®™d A. Fernandez Tell&3, A. Ferretf™ R. Ferretfd, J. Figiel2,
M.A.S. Figuereo@m, S. Filchagiﬁz, D. Finogee@, F.M. Fiond¥d, E.M. Fior&d M. Flori#d, S. Foertsdfd,
P. FokER s. FokifE, E. Fragiacon®A, U. Frankenfel®, U. FuchB, C. Furgdi8 M. Fusco Giraréd,

J.J. Gaardhdi@ M. Gagliard™ A. Gag8l, M. Gallid®, D.R. Gangadhar8d, P. Ganof®, C. Garabatés,
E. Garcia-SolE, |. Garishvilf&, J. Gerha®®, M. Germaif2, C. Geun®l, A. GheatBd, M. GheatBlZ2

B. GhidinP4, . GhoskE P. Gianotd, M.R. Girard&, p. Giubellin&J, E. GIadysz-Dziad@m, P. Glass&R,
R. GomeH® A. Gonschid®, E.G. Ferreir®, L.H. Gonzalez-TrueB&, P. Gonzalez-Zamdfh S. Gorbund®,
A. Goswanfl, S. GotovdEH, V. Grabsk, L.K. Graczykowsi#E R. Grajcarefd, A. Grellf C. Grigora&d,
A. Grigora¥d, V. Grigorie®® A. Grigorya#, S. GrigoryaRd, B. Grinyo, N. Griord, P. Gro&d,

J.F. Grosse-Oetringh&¥ J.-Y. Grossio#, R. Grosséd, F. Gubdf, R. Guernarf®, C. Guerra Gutierr&H,
B. Guerzor®d, M. Guilbau® K. Gulbrandsefd, T. Gunjm, A. Guptm, R. Gupt@l, H. Gutbro&,

@. Haalan®, C. Hadjidaki@, M. Haidu&d H. Hamagalm, G. Ham&d B.H. Ha¥&, L.D. Hanratt?m,

A. HanseFl z. HarmanoV® J.w. Harrif& M. Hartid® D. Hasegd®®, D. HatzifotiadoB4,

A. Hayrapetya®IZ s T. Heckdd, M. Heid®d, H. Helstrufd, A. Herghelegi@, G. Herrera CorrB,

N. Herrmanf2, B.A. Hes8, K.F. Hetlan88, B. Hickd™, p.T. Hilld® B. Hippolytdd T. HoraguctF4,

Y. Horf 3 p. Hristo®™, |. HfivnacovEa, M. Huanﬂm, T.J. Human#&, D.S. Hwangm, R. Icho®d R. Ilkae¥d,



22 The ALICE Collaboration

1. lIkivE® M. Inab&@ E. Incarf®, G.M. InnocenBd P.G. Innocerf®d, M. IppolitO\m, M. Irfarf&, C. Ivari,
V. lvanoW@, M. lvano, A. lvano¥, O. Ivanytskﬁl, A. Jachotkowsl€d, P. M. Jacotf&A, H.J. Jan@,

S. Jang®8 M.A. Janill R. JanikZ P.H.S.Y. JayarathRH, S. Jen@d, D.M. JnEE

R.T. Jimenez BustamaR® L. Jirde®d, P.G. Jond H. Jun§8 A. Jusk&D, A.B. Kaidalo¥® V. Kakoyaf&l,
S. Kalchd®, p. Kalinafd, T. KalliokoskFd, A. Kalweifd K. Kanakd™ J.H. Kan§& V. Kaplirf&d,

A. Karasu Uysgm, O. Karaviche®®, T. KaravicheV@ E. Karpech@, A. Kazantsé®, U. Kebschufid,
R. Keide P, Khafd, M.M. Kha& S.A. Khaf 8 A. Khanzaded®, Y. KharloW®, B. Kilend®H,

D.W. Kinf8, M.KimE&, M. KimZ, s.H. Kinf8, D.J. Kinf4, S. Kinf&, J.H. KinfE, J.S. KinfE, B. KimE2,
T. KimEZ, s KirscBa |. KisePa s. Kisele®®, A. KisiePIIE j.| . KlayH, J. Kleild, C. Klein-Bosing4,

M. KliemanBd, A. Klugd® M.L. KnicheF, A.G. KnospE®&, K. KocH&, M.K. KohlefR, A. Kolojvarfd,

V. Kondratie# N. KondratyeVB3, A. Konevskik#d, A. Kornee®d, R. KouFd M. Kowalskf2, S. Ko&,
G. Koyithatta MeethaleveeBd, J. Krafd |. KralikEd, F. Krame®3, |. Krau$a T. KrawutschikK€3ED

M. Krelind M. KretZ, M. KrivddED . Krizeld, M. Krud E. Krysheﬁm, M. KrzewickE3l,

Y. Kucheriae®, C. Kuh®&, P.G. Kuijeld, I. Kulako®d, J. Kuma#d, P, Kurashvif® A.B. Kurepiff®,

A. Kurepir®, A. Kuryakifd, V. Kushpi@ S. KushpF, H. Kvaern84, M.J. Kweof Y. KworflZd

P. Ladron de Gueva?d, |. Lakomo¥ R. Lango§@, S.L. La Pointé, C. Lar®T, A. Lardeuf®,

P. La Rocd& C. Lazzerof@, R. Le¥d Y. Le BorneB2, M. LechmaRd S.C. LeB8 K.S. Le& G.R. LeEd,
F. LefevrE® J. LehneRd, L. Leistan®, M. Lenhardt2 V. Lentf8 H. Leo®d, M. Leoncin&&,

. Leon MonzoF®, H. Leon Vargd®d, . Levdd, J. Lief R. Lietav&d S. Lindd, V. Lindenstrutha,

C. LippmanfE& M A Lisd= L. Liv p.1. Loenn®d V.R. Loggin® V. Logino® S. Loh&,

D. Lohnefd, C. Loizide8d, K.K. Lo, X. LopeE E. Lopez Torrdd, G. Lovheide®d X.-G. LS,

P. Luetti@, M. Lunardofd, J. Luéd G. Luparellgﬂ, L. Luquirm, C. LuzzZ™ R. MEA K. MET

D.M. Madagodahettige-DW, A. Maevskay@, M. Mage@, D.P. Mahapat@, A. Maird&d, M. Malaed™,
. Maldonado CervantBd, L. Malinind2-0, D. Mal'KevicH& P. Malzach&®, A. Mamono®¥d, L. Manceal,
L. Mangotr&2, V. Mankd®, F. MansB3, V. Manza®®, Y. Mad® M. MarchisonEIEZ2 j. MareBd,

G.V. MargagliotfBEA A Margottfd, A. Marif= C.A. Marin ToboR3, C. Marke® & |. Martashvilf12,

P. Martineng®3, M.1. Martine®], A. Martinez Davald®, G. Martinez Garcfé2, Y. MartynoW®@, A. Madt2,

S. Mascioccl, M. MaserB2, A. Masorf® L. Massacrid I . Mastromarc8, A. MastroserigdE&,
Z.L. MatthewSd, A, Matyjmm, D. Mayarﬁsl, C. Mayem, J. MazdF2 M.A. Mazzon, F. Medd®,

A. Menchaca-Rock8l, J. Mercado PerE2&, M. Mere&§2 Y. Miakd®@, L. Miland® J. Milosevi&d-0

A. Mischké A N. Mishr&l, D. Miskowie&&IA ¢ Mitd, J. MiynarEd B. Mohantf8, A.K. Mohanty&,
L. Molna®a, L. Montafio Zetin®, M. Monten&, E. Monte®, T. Moor™3, M. Morand&4,

D.A. Moreira De Godo@, S. Morett§, A. Morsct, V. Mucciford, E. Mudni€® S, MuhufE,

M. Mukherjem, H. Mulle M.G. MunhoE A L. Mus&J, A. Muss&4, B.K. Nand®, R. Nani&Z,

E. Nap@, C. Nattrads™@, N.P. Naumo®¥4d, S. Navifd, T.K. Nayam, S. Nazarenif, G. Nazarokd,

A. NedosekifE, M.Niculesc#IZ, B.S. NielsekT, T. Niidd™, S. Nikolaet#, V. NikolicEd, S. Nikulired,

V. Nikulin®, B.S. NilseF&, M.S. Nilssof4, F. NoferinfdE, p. Nomokond¥, G. Noore™ N. Novitzky&d,
A. Nyanilm, A. Nyathm, C. Nygaar@, J. Nystran@, A. Ochiro¥™, H. OeschléfIA s o

S.K. Of& J. Oleniadd™, C. Oppedisar@, A. Ortiz Velasqu@, G. OrtonBa, A. Oskarssdf,

P. Ostrowsi&&, J. Otwinowsi= K. Oyamp, K. OzawHHl v, Pachmay@, M. Pach® F. Padill&=],

P. Pagarf® G. PailR, F. PainkBR C. Pajards?, S. P4, S K. P A. palahB@, A. Paimef,

V. Papikyaf&, G.S. Pappalar§® W.J. Para, A. Passfeltd B. Pastircdkd, D.I. Patalakh®, V. Paticchi®®),
A. Pavlino®™ T. pawlafF™, T. Peitzman®, H. Pereira Da Codt, E. Pereira De Oliveira Fillf&2,

D. Peresuni8l, C.E. Perez Laf@, E. Perez Lezar®d, D. Perife, D. Perrin&4, W, Perym, A. Pesdd

V. Pesko®E3 v, pesto, V. Petracdf M. PetraRal, M. Petrifd, p. Petrof™, M. Petrovidf, C. PettB3,

S. Pian®4 A. Piccottf®, M. Pikn&2, P. Pillol, O. PinazZ83, L. Pinskf®d N. Pit22 D.B. PiyarathiB,
M. Ptosko®d, J. PlutBX T. Pocheptsdd, S. PochyboV, P.L.M. Podesta-Lerrf88, M.G. PoghosydfZ3,
K. Polal® B. Polichtchoufd, A. Pof™, S. Porteboeuf-Houss&® V. Pospisfid B. Potukuctd,

S.K. Prasddd R. Preghenel@, F. Priné3 C.A. Prunedd, |. Pshenichnd®, S. Puchagﬁl, G. Puddf&
J. Pujol Teixid®, A. PulvirentRIZ v, punifd M. Puti¥3, J. PutschieHII g Quercigﬁm,

H. Qvigsta&m, A. Rachevsi A. Rademake®, S. RadomskA, T.S. RaihB4, J. RakZ,

A. Rakotozafindratfd, L. Ramell&, A. Ramirez Rey& S. Raniwaltl, R. Raniwalfl, S.S. Rasan&d,
B.T. Rascarléd, D. Rathe®d, K.F. Reafd, J.S. Re®], K. Redlicf I p, ReicheR?, M. Reichef,

R. Renford® A.R. Reolof A. Reshetifd F. Retti&m, J.-P. Revé® K. Reyger@, L. Riccat®d,

R.A. RiccBH, T. Richef®, M. RichteFd, P. Ried!ld®, W. RiegleFd, F. RiggFIEd

B. Rodrigues Fernandes Rab&&hIM. Rodriguez Cahuanj A. Rodriguez Mand&, K. Rgef, D. RohFa,



Prompt and non-prompt)/production at mid-rapidity in pp collisions gfs=7 TeV 23

D. Rohric, R. Romit8=, F. Roncheté, p. Rosn&d S, Rossegg@, A. RosddM c, ROPB], P. Ro@,
A.J. Rubio Monter® R. Ru& E. Ryabinkiﬁm, A. Rybickm, S. Sadovsl@, K. Safafil R. SahoBY,
P.K. SahB@ J. Sairfld H. Sakagucﬁ?], S. Sak&4, D. Sakatk™@, C.A. Salgao@, J. SalzwedER,

S. Samby&A, V. Samsond®, X. Sanchez Cast®, L. Sanddd, A. Sandovd®, S. Sanb M. SanfH4,

R. SantBd, R. Santor8AE0 5 sarkanf®d, E. Scapparo®d F. Scarlassa#d, R.P. Scharenbd#d,

C. Schiad® R. Schickd®, C. Schmid® H.R. Schmidt™, S. Schrein&, S. Schuchmafd, J. Schukralfid,
Y. SchutEI K. Schwarfa K. Schwed8EA G. Sciol, E. Scompar@, R. Scof 2 p.A. Scofd,

G. Segat@l, l. Selyuzhenk(ﬂ, S. Senyukdza, J. SeBl s. ser@@ E. Serradill®E8 A Sevcended,

A. Shabet& G. Shabrato¥® R. Shahoyd®, N. Sharm&d, S. Sharnf, S. Rohrfd, K. Shigakd,

M. ShimomurB™@ K. Shtejel V. Sibirial® M. Siciliand®, E. Sickin€d, S. Siddhanf®, T. Siemiarczuld,
D. SilvermyF& c. SilvestrB8, G. Simatovie?E8 G. Simonetdd R. Singarajf®, R. Singf S. Singh&,
V. Singhd™d, T. Sinh&J, B.C. SinhBM, B. Sitaf, M. Sittd, T.B. Skaal2, K. SkjerddH R. Smakd®,

N. Smirno#, R.J.M. Snellind®, C. Sggaafd, R. SoltE&l H. Sof& M. Son§&, J. SonB&, C. So0%d,

F. Soram&3 |. Sputowsk&, M. Spyropoulou-Stassind@, B.K. Srivastaved, J. Stach&3, |. Stafd,

. Statd, G. Stefandk, T. Steinbed® M. Steinprei® E. Stenlun®, G. SteyRa J.H. StilleEd,

D. StoccB®, M. StolpovskifE, K. Strabykifd, P. StrmeB, A A.P. Suaid® M.A. Subieta Vasqu&?,

T. Sugitatgm, C. Suir@d M. Sukhoruko®d, R. Sultand®, M. Sumber@d T. SusB8, A. Szanto de Toled®4,
. SzarkB3, A. Szczepankiewi@, A. Szostafd M. Szymansl@m, J. TakahasF®, J.D. Tapia TakaF?,

A. Taurd® G. Tejeda Mufid®, A. TelescBE, C. Terrevofd, J. Thadd® D. Thoma8d, R. Tieulerfd,

AR. Timmind D. Tlustf® A. Toid=ZA H_ Tori |, Toscan®, D. Truesdaf, W.H. TrzaskB2,

T. TsujiE A, Tumkird R. Turrisf T7.S. TvetdH, J. Ulerfd K. Ullaland™, J. UlricRDERD A, Ura§

J. UrbaR4 G.M. Urciuol®, G.L. Usd&l, M. Vajzeﬁmm, M. Vald&E | valencia Palonf?, S. Valler&2,
N. van der Kolf4, p. Vande Vyvr@m, M. van Leeuwe® L. Vannucd® A, Vargagl, R. Varm&4d,

M. Vasileiod®, A. VasilieV® V. Vechernif, M. Veldhoe#a, M. VenaruzzB3, E. Vercellifd, S, Verga@,
R. Vernd® M. Verweif&, L. Vickovid®, G. Viest&, O. Vikhlyantsefd, 7. Vilakazi&,

0. Villalobos Bailli€d A. Vinogrado®, L. Vinogrado3, Y. Vinogrado¥d, T. VirgiliZ, Y.P. ViyogF&,

A. Vodopyano® K. Voloshif, S. Voloshifd, G. Volp&dE B, von Hallel, D. vrani®, G. @vrebekd,
J. Vrlakov& B. Vulpesc@, A. Vyushirﬂ, V. Wagne'im, B. Wagne@, R. WakglE . Waném, D. Wanﬁ{m,
Y. Wan@z, Y. Wan&m, K. Watanab®& M. Webefd, J.p. Wessd®IBA, U, Westerhof, J. WiechulEH=,

J. Wikn&d, M. wildeRd, G. wilkl®, A, wilkEd m.c.S. william&4, B. Windelban&2,

L. Xaplanteris Karampats®3, C.G. Yald§ Y. Yamaguct H. Yand™, S. Yan§4 S. YasnopolskE&,
J.YEA 7 vird | -K. Yod J. YooZ w. YR, X. Yuar&, |. Yushmano®d, C. zack3 C. zampolfd,
S. Zaporozhe@, A. Zarochentsé¥, P. zavadéd, N. Zaviyalom, H. Zbroszczym, P. Zelniceld,

1.S. Zgur®d, M. Zhalo¥®, X. Zhan§IEA H. zhan§ F. Zho®, D. Zho® Y. Zhol®, J. ZhEF, J. ZhED
X. zhB A ZichichPIE A Zimmermank2, G. Zinovje\'p, Y. Zoccaratb®, M. Zynovye\m, M. Zyzalﬂl

Affiliation notes
I Also at: M.V.Lomonosov Moscow State University, D.V.Sktibgn Institute of Nuclear Physics, Moscow,
Russia
i Also at: "Vin&a” Institute of Nuclear Sciences, Belgra@erbia

Collaboration Institutes
1 Benemeérita Universidad Autbnoma de Puebla, Puebla, ddexi
2 Bogolyubov Institute for Theoretical Physics, Kiev, Ukrai
8 Budker Institute for Nuclear Physics, Novosibirsk, Russia
4 california Polytechnic State University, San Luis Obis@alifornia, United States
5 Centre de Calcul de 'IN2P3, Villeurbanne, France
6 Centro de Aplicaciones Tecnologicas y Desarrollo Nuco{€&ADEN), Havana, Cuba
” Centro de Investigaciones Energéticas Medioambienyalesnologicas (CIEMAT), Madrid, Spain
8 Centro de Investigacion y de Estudios Avanzados (CINVE§TMexico City and Mérida, Mexico
9 Centro Fermi — Centro Studi e Ricerche e Museo Storico déiad“Enrico Fermi”, Rome, Italy
10 Chicago State University, Chicago, United States
11 Commissariat & I'Energie Atomique, IRFU, Saclay, France
12 Departamento de Fisica de Particulas and IGFAE, Unidadsile Santiago de Compostela, Santiago de
Compostela, Spain



24

The ALICE Collaboration

13
14
15
16
17
18
19
20
21
22
23
24
25
26

27
28
29
30
31
32
33

34
35

36
37
38
39
40
41
42
43
44
45

46
47
48
49
50
51
52
53
54
55
56
57
58

59
60

61
62

Department of Physics Aligarh Muslim University, Aligailhdia

Department of Physics and Technology, University of Berggargen, Norway

Department of Physics, Ohio State University, ColumbudpQUnited States

Department of Physics, Sejong University, Seoul, SoutteEor

Department of Physics, University of Oslo, Oslo, Norway

Dipartimento di Fisica dell'Universita and Sezione INRBagliari, Italy

Dipartimento di Fisica dell’'Universita and Sezione INAFRgdova, Italy

Dipartimento di Fisica dell'Universita and Sezione INFNieste, Italy

Dipartimento di Fisica dell’Universita and Sezione INFBglogna, Italy

Dipartimento di Fisica dell’Universita ‘La Sapienza’ aSdzione INFN, Rome, Italy

Dipartimento di Fisica e Astronomia dell’Universita anelz®ne INFN, Catania, Italy

Dipartimento di Fisica ‘E.R. Caianiello’ dell’'Universitand Gruppo Collegato INFN, Salerno, Italy
Dipartimento di Fisica Sperimentale dell'Universita é®ezione INFN, Turin, Italy

Dipartimento di Scienze e Innovazione Tecnologica deliidrsita del Piemonte Orientale and Gruppo
Collegato INFN, Alessandria, Italy

Dipartimento Interateneo di Fisica ‘M. Merlin’ and SezidiN&N, Bari, Italy

Division of Experimental High Energy Physics, Universifylaind, Lund, Sweden

European Organization for Nuclear Research (CERN), Geisavizerland

Fachhochschule Koln, Koln, Germany

Faculty of Engineering, Bergen University College, Berdéarway

Faculty of Mathematics, Physics and Informatics, Comebinisersity, Bratislava, Slovakia

Faculty of Nuclear Sciences and Physical Engineering, I€Zechnical University in Prague, Prague,
Czech Republic

Faculty of Science, P.$afarik University, KoSice, Slovakia

Frankfurt Institute for Advanced Studies, Johann Wolfg&ugthe-Universitat Frankfurt, Frankfurt,
Germany

Gangneung-Wonju National University, Gangneung, SoutteKo

Helsinki Institute of Physics (HIP) and University of Jwkgla, Jyvaskyla, Finland

Hiroshima University, Hiroshima, Japan

Hua-Zhong Normal University, Wuhan, China

Indian Institute of Technology, Mumbai, India

Indian Institute of Technology Indore (IIT), Indore, India

Institut de Physique Nucléaire d’Orsay (IPNO), Univeg$aris-Sud, CNRS-IN2P3, Orsay, France
Institute for High Energy Physics, Protvino, Russia

Institute for Nuclear Research, Academy of Sciences, MosBassia

Nikhef, National Institute for Subatomic Physics and Ingé for Subatomic Physics of Utrecht University,
Utrecht, Netherlands

Institute for Theoretical and Experimental Physics, MogdRussia

Institute of Experimental Physics, Slovak Academy of Scés KoSice, Slovakia

Institute of Physics, Bhubaneswar, India

Institute of Physics, Academy of Sciences of the Czech Riepirague, Czech Republic

Institute of Space Sciences (ISS), Bucharest, Romania

Institut fur Informatik, Johann Wolfgang Goethe-UnivgasFrankfurt, Frankfurt, Germany

Institut fur Kernphysik, Johann Wolfgang Goethe-Univigts-rankfurt, Frankfurt, Germany

Institut fur Kernphysik, Technische Universitat Daradt, Darmstadt, Germany

Institut fur Kernphysik, Westfalische Wilhelms-Uniw#iat Munster, Munster, Germany

Instituto de Ciencias Nucleares, Universidad NacionabAoma de México, Mexico City, Mexico
Instituto de Fisica, Universidad Nacional Autbnoma dexio, Mexico City, Mexico

Institut of Theoretical Physics, University of Wroclaw

Institut Pluridisciplinaire Hubert Curien (IPHC), Uniwt€ de Strasbourg, CNRS-IN2P3, Strasbourg,
France

Joint Institute for Nuclear Research (JINR), Dubna, Russia

KFKI Research Institute for Particle and Nuclear Physiasn¢sarian Academy of Sciences, Budapest,
Hungary

Kirchhoff-Institut fur Physik, Ruprecht-Karls-Univetat Heidelberg, Heidelberg, Germany

Korea Institute of Science and Technology Information,jBae, South Korea



Prompt and non-prompt)/production at mid-rapidity in pp collisions gfs=7 TeV 25

63 Laboratoire de Physique Corpusculaire (LPC), Clermonveksité, Université Blaise Pascal,
CNRS-IN2P3, Clermont-Ferrand, France

64 Laboratoire de Physique Subatomique et de Cosmologie (),RBGversité Joseph Fourier, CNRS-IN2P3,
Institut Polytechnique de Grenoble, Grenoble, France

65 Laboratori Nazionali di Frascati, INFN, Frascati, Italy

66 Laboratori Nazionali di Legnaro, INFN, Legnaro, Italy

67 Lawrence Berkeley National Laboratory, Berkeley, Califay United States

68 Lawrence Livermore National Laboratory, Livermore, Califia, United States

69 Moscow Engineering Physics Institute, Moscow, Russia

0 National Institute for Physics and Nuclear Engineering;iBarest, Romania

L Niels Bohr Institute, University of Copenhagen, Copentma@enmark

2 Nikhef, National Institute for Subatomic Physics, Amstarg Netherlands

3 Nuclear Physics Institute, Academy of Sciences of the CRaghublic,ReZ u Prahy, Czech Republic

74 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USitates

5 petersburg Nuclear Physics Institute, Gatchina, Russia

6 Physics Department, Creighton University, Omaha, Netaradkited States

T Physics Department, Panjab University, Chandigarh, India

8 physics Department, University of Athens, Athens, Greece

9 Physics Department, University of Cape Town, iThemba LABSpe Town, South Africa

80 Physics Department, University of Jammu, Jammu, India

81 Physics Department, University of Rajasthan, Jaipurdndi

82 physikalisches Institut, Ruprecht-Karls-Universita@ittelberg, Heidelberg, Germany

83 purdue University, West Lafayette, Indiana, United States

84 pusan National University, Pusan, South Korea

85 Research Division and ExtreMe Matter Institute EMMI, GSliidioltzzentrum fur
Schwerionenforschung, Darmstadt, Germany

86 Rudjer Boskovit Institute, Zagreb, Croatia

87 Russian Federal Nuclear Center (VNIIEF), Sarov, Russia

88 Russian Research Centre Kurchatov Institute, Moscow,iRuss

89 saha Institute of Nuclear Physics, Kolkata, India

90 School of Physics and Astronomy, University of Birminghairmingham, United Kingdom

91 Seccibn Fisica, Departamento de Ciencias, Pontificiaddsidad Catolica del Per(, Lima, Peru

92 Sezione INFN, Trieste, Italy

93 Sezione INFN, Padova, Italy

94 Sezione INFN, Turin, Italy

95 Sezione INFN, Rome, Italy

9 Sezione INFN, Cagliari, Italy

97 Sezione INFN, Bologna, Italy

98 Sezione INFN, Bari, Italy

99 Sezione INFN, Catania, Italy

100 goltan Institute for Nuclear Studies, Warsaw, Poland

101 Nuclear Physics Group, STFC Daresbury Laboratory, Dargsbimited Kingdom

102 SUBATECH, Ecole des Mines de Nantes, Universitée de Na@BRS-IN2P3, Nantes, France

103 Technical University of Split FESB, Split, Croatia

104 The Henryk Niewodniczanski Institute of Nuclear Physiasij$h Academy of Sciences, Cracow, Poland

105 The University of Texas at Austin, Physics Department, AydtX, United States

106 Universidad Autonoma de Sinaloa, Culiacan, Mexico

107 Universidade de Sao Paulo (USP), Sao Paulo, Brazil

108 Universidade Estadual de Campinas (UNICAMP), CampinaaziBr

109 Université de Lyon, Université Lyon 1, CNRS/IN2P3, IPNen, Villeurbanne, France

110 University of Houston, Houston, Texas, United States

111 University of Technology and Austrian Academy of Scienaésnna, Austria

112 University of Tennessee, Knoxville, Tennessee, UniteteSta

113 University of Tokyo, Tokyo, Japan

114 University of Tsukuba, Tsukuba, Japan

115 Eperhard Karls Universitat Tibingen, Tuibingen, Gerynan



26

The ALICE Collaboration

116 variable Energy Cyclotron Centre, Kolkata, India

117 v. Fock Institute for Physics, St. Petersburg State UnitygrSt. Petersburg, Russia

118 warsaw University of Technology, Warsaw, Poland

119 Wayne State University, Detroit, Michigan, United States

120 vale University, New Haven, Connecticut, United States

121 Yerevan Physics Institute, Yerevan, Armenia

122 vildiz Technical University, Istanbul, Turkey

123 yonsei University, Seoul, South Korea

124 Zentrum fur Technologietransfer und TelekommunikatidiT), Fachhochschule Worms, Worms,
Germany



