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79 Boson M easurem ent w ith the ALICE CentralB arrel
in pp collisions at 14 TeVv

R .Baihache', A . Andronic', and P Braun-M unzinger'?
for the ALICE Collhboration
G esellschaft fuer Schw erionenforschung m bH , D am stadt, G emm any and
2Technische U niversitaet D amm stadt, G erm any

T he possibility to detect the 2° in the ALICE central barrel is studied via the electronic
decay channel Z %) &'e . The signal and the background are sin ulated w ith the leading
order event generator PY THIA 6. T he total cross-sections are taken from NLO calculations.
Based on test beam data, the electron denti cation perform ance of the Transition R adia-
tion D etector is extrapolated to high m om enta. The expected yields for m inin um “ias pp
collisions at 14 TeV are presented. An isolation cut on the single electron, together w ith a
m ninum transverse m om entum cut, allow s to obtain a clear signal. The expected back—
ground is of the order of 1% with the m ain contribution com ing from m isidenti ed pions
from Fets.

Themeasurementsof theW  and Z° bosons in pp and e" e collisions have allow ed precise
test of the Standard M odel (SM ) of particle physics. In pp collisions at the LHC , the convergence
of the NLO and NNLO calulations o ers the possibility to use the total Z ° cross section for a
better understanding of the collider lum inosity and the acceptance and e ciency of the detectors
ﬂ]. The high pr electrons em itted in the electronic 7 © decays can be a controlled cbservable oor
checksofthepr calbbration and resolution between 30G €V =c and 50G &V =c. In heavy ion collisions
7 ° is a good candidate or an altemative reference for quarkonium study, despite the large m ass
dierences,m ; m ;. ,and thedi erence in production m echanism s,m ainly gq ©r Z ° and gg for
quarkonim . It should be weakly a ected by nuclear shadow Ing E] and the presence of the Q uark
G lion Plaana [3]. In thiswork, a fasbility study is presented to detect Z° through 2°! ' e i
the centralbarrel of ALICE . The detection of the W  and Z ° bosons through their m uon decays
In the ALICE muon spectrom eter has been previously extensively studied Q 1.

T he leading order event generator PY THIA 6.326 E] is used to sin ulate the production of 7 °
bosons. O nly the low est order B om processes, gq! =70, have been generated. T he parton shower
algorithm of PY TH IA produces additional gts, that m in ic the contributions of higher processes,
aq! =% g and g(@)g! =2q(@). The CTEQS5L PDFs are used. It was shown that the pr and
y 2 ° distrdbutions m easured at Tevatron energies are well reproduced @]. Pure 7 ° production,
w ithout the com plete =7 interference, hasbeen sinulated in this work. D ue to the large vector
boson m asses, the contributions of higher order Q CD processes can be approxin ated by a k factor,
found to be about 1.5 from com parison w ith m easurem ents In pp collisions. T he extrapolated cross
sections or the LHC are summ arized in Tab[. T he yields were calculated taking an inelastic pp
cross section of 70mb at 14 TeV . C alculations have been carried out up to NNLO . In the follow ing
w e nom alise all the cross section to the NNLO calculations E| 1

ppat14TeV | pyrnia Mb] nywio [Mb] N*ee
z%1 e e 24 184 |3 10
W !e 238 198 [3 107

TABLE I: Inclusive cross sections tin es branching ratio obtained with PYTHIA and extrapolated after
com parison to SppS and Tevatron data, leading to a k factor of 1.5. R esults are for pp collisions at 14 Tev
and are com pared with NNLO calculations E| 1.

T he Inner Tracking System (ITS), T in e Profction Cham ber (T PC ) and Transition R adiator
D etector (TRD ) provide good tracking capability within their geom etrical acceptance, 7 ¥ 0.9,
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FIG.1: "®P asfunction ofm om entum extracted from testbeam data com pared with sin ulations w ithin
the A IR oot fram ework and extrapolated to high p (left panel). Calculated TF€ , extrapolated "%P and
com bined as function ofm om entum (right panel).

0< <2 . The Particle Identi cation (PID) algorithm used requires that the particles are
reconstructed in at least ve planes of the TRD , which leads to an overallm ean reconstruction
e clency 0of80% . The pr resolution is about 35% at 100G &€V=c In the nom nal 05T m agnetic
ed. To dentify the electrons, the dE =dx of the TPC and the TRD are used. At such high
pr , the main di culty com es from the much m ore num erous that can be m isidenti ed as
electrons. T he percentage of m isidenti ed , the e cliency , is detemm ined for a given e
e ciency, . The kft panel of Fig[ll shows TRP , as it has been obtained from test beam data
analysis of am all and big cham bers [1] and from sinulations done w ithin the A IR oot fram ew ork
[8]. The results of a one dim ensional lkelhood m ethod, L-Q , can be in proved by usihg a two
din ensionalm ethod, L-Q 1,0 2 or a neural network, NNs [1]. A tofthe LQ 10 2 perform ances
allow s to extrapolate TRP to the p range of interest for the z°. On the right panel of Fig[],
TPC has been estin ated w ith sinulations or I =90% . The nal combied for .=81%

e

(= IPC TRD=09 09) isalo plbtted in FJIl. The response of the ALICE central barrel is

e

sin ulated w ith a fast sin ulation program .

.- X09 86%

A, x pd 359

A, & PHdp  >25Gev=c 32%
A. & PYp _ >25Gev=cisocut|32%

TABLE IT: Acceptance and reconstruction e ciency for 2 0 in the mass range

60G eV =c’<M ot o <116G ev=c’ for di erent single track cuts.

T he geom etricalacceptance of the centralbarrel in plies that both ofthe elecronshave j . K 09.
This reduces the 7 ? yield to 8.6% of the fiill phase space yield (see Tab[Ill). T he statistical errors
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FIG.2:e" e generated (m sin ) and reconstructed (m rec) nvariantm ass yield from % % in the total phase
space and w ithin the centralbarrel acceptance for di erent p; . cut.

are below 1% . A clear signature of Z° decays is two high pr isolated electrons. A pr cut at
25G eV =c is considered together w ith an isolation cut. It will refct a track i, ifa track j is found
tohave:p%>2GeV,ji 53 O0land j; 53 0lrad. 99% ofthe signalsurvives this cut. F i

+
e e

show s the generated m g;° in the total phase space and in the geom etrical acceptance w ith and
w ithout tracking and PID e ciencies. T he reconstructed m e e isalwo pltted for di erent pre

rec
cuts. B rem sstrahlung leads to a tail towards low er values of the m ass. o
The di erent sources of background that are investigated in pp collisions at = s=14TeV

are: reconstructed dielectrons from Fts, that can be real electrons or pions m isdenti ed as
electrons; W ! e events with an associated hadronic gt that results in a second reconstructed
electron Bry 1 o« =10.75%); 20! events, In which electrons or m isidenti ed pions from
decays (BT | - +x =44.0850% ) are com bined; electrons and m isidenti ed pions from tt events
(B Ter ow 100% ); sin ultaneous sam ¥electronic decays of D andD mesons (Br.; ox 92.6% ); and
sin ultaneous sam felectronic decays of B and B mesons (Bn, o 10.86% ). The gts have been
sinulated with the PYTHIA using Tune A CDF, that gives a total cross section of 54.7mb Q1.
Due to the high m asses of the W boson and the top quark, only the low est order processes for W
production (gg’! W ) and tt production (gg! ttand gq! tt) have been generated with PYTH IA
and nom alised to the NLO cross sections. For the lighter ¢ and b quarks production, contributions
from higher order corrections, lke avour excitations (qQ ! gQ ) and gluon splitting (g! Q Q ) have
also been taken into account. The tuned PYTHIA [10]pr spectra of c and b have been com pared
to NLO predictions (HVQM NR program [11]) and found to be softer by an order 10 at very high
pr - Thiswould result in a contrbution of cc and b about 100 higher in the invariantm ass yield.

The left panel of Fig[d show s the reconstructed electron spectra. M isidenti ed from Fts
constitute the m ain source of reconstructed electrons above 10G €V =c. N evertheless they are not
isolated. T he refction factor of the isolation cut is of the order of 10*. The di erent contributions
to the dielectron reconstructed invariant m ass yield per m inin um -bias pp collisions are presented
in the right panelof Fig[d. A pr cut at 25G &V =c and the isolation cut are applied. T he isolation
cut suppresses also the correlated background from sim ultaneous sem ielectronic decays of D and
D ,orB and B ,m esons, below one percent, even w ith a factor 100, due to higher order corrections.
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FIG . 3: Left panel: reconstructed single electron spectra in the centralbarrel. R ight panel: com parison
with z° signal of di erent contributions to the background for a pr cut at 25G &V =c and the isolation cut.
T he contrbutions have been averaged over the invariant m ass range 66 G eV =c*<M oo <116Gev =.

The naltotalbackground am ounts to about (0.7 5.3)% ofthe signal, w ith a m ain contribution
from m isidenti ed pions from Fts. T he errors given are statistical.

W e have presented a study of Z ° reconstruction in pp collisions at 14TeV w ith the central
barrelofthe ALICE detector. The Z%! e e vyiedsare oftheorderof3 10 ® perm ininum -bias
pp collisions. A Levell TRD trigger (pr > 10GeV=c) for 10% ofdata taking tin e would lead to a
7 % sam ple of about 100 per year. Further enhancem ent is possble using the H igh-Level Trigger.
T he decay electrons are denti ed with the TRD and the TPC detectors w ithin the centralbarrel
(7 ¥09). Theprobability tom isddentify a hasbeen extrapolted to thehigh m om entum region
of interest and is of the order of 0.1 at 45G &V =c. The two m ain characteristics of the electrons
em itted In 7 ° decays, ie. high pr and isolation, have been used to rejct the background. Two high
pr isolated reconstructed electrons constitute a very clear signature of the Z © in the centralbarrel.
T he background is expected to be of the order of 1% in pp collisions, dom inated by m isidenti ed
pions from FEts.
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