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Abstract
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1 Introduction

In this paper. we continue to study the feasibitity of detecting H'#* and ZY with the STAR
detector {1 2] at RIIC. Estimates for the event rates [3. 4] had shown that.in pp collisions
at = = 500V for the integrated luminosity S00pb~', the STAR detector with the elec-
tromagnetic calorimeter ( EMC) [1. 2] is able to collect about 10° W% — ¢*1 events and
several thousands of ZY — eT¢~ decays. Here we present estimates for various background
sources 1o the process pp — WE 4+ X — ¢ Xp 4 X, The results were obtained by Monte-Carlo
- simulations with the PYTHIN V5.6/JETSET V7.3 LUND programs [3] and GEANT V315
[6). The EHLQ! [7] set of proton structure functions has heen used. As in [4]. all parameters
in PYTHEL were set to their default values except for two. The choices for the MST[7(2)
and MST P(33) were as following:

MSTP(2) =2 Second order running a,:

MSTP(33) = 2 Separate A factors are ased for ordinary (PARP(31) = 1.5) and color
aunihilation graphs (PARP(32) = 2.6).

Inclusive 1'% and Z production cross sections values derived here from PYTHIA V5.6
are essentially the same as in 4. while detecting efficiencies and event rates are slightly
different.  The reason is that the old PYTHIA V5.4 version [8] used earlier [4] did not
provide a correct description of the W% and ZY polarization states and consequently the
correct kinematics for the leptons produced from their decays.

2 STAR Detector

The STAR detector (Fig. 1) at RHIC had been described elsewhere [1. 2], With a barrel
clectromagnetic calorimeters (EMC) STAR is especially suitable for detecting Woand Z
bosons [1. 9] due to its large acceptance in the central rapidity region for the electrons
produced by high-mass particles decays.

The proposed barrel EMC {2] is a lead-scintillator sampling calorimeter. It is located
inside the aluminium coil of the STAR solenoid magnet and covers |y |< 1.05 and 27 in
azimuth. thus matching the acceptance for full Time Projection Chamber ( TP() tracking.
The inner radius is 2.20 meters and the overall length is 6.20 neters. It consists of 120
modules with 21 lavers of 4-nn thick plastic scintillator and 20 lavers of 5-mm thick lead
plates. This corresponds to a total of approximately 20 radiation lengths (Xy). including
a 20-mmn thick aluminium front plate. The EMC segmentation will be A = 0.1 and
Ay =0.1 —0.2. At 5 ~ 0. the total amount of material in front of the EM(' is ~ 0.5 - Xy.

A Shower Maximum Detector (SAMD) with a fine spatial resolution will be placed at a
deptl of approximately 5-Xp. A number of versions for the SAD desigu are currently under
investigation at IHEP. Protvino [10]. Here it lias been assmned the SAID consists of 24-cm

long scintillator rods with the transverse size of 1x1 em?. The radial space allotted is 25
nim.
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The EAIC energy resolution for e obtained by Monte Carlo calculations is approximately
equal to

ol b = 20%[VE. (1
where I is in Gre V. The momentum resolution of the STAR tracking system (TPC ouly)
ix expected to be [1]:

aplP = 1.0% P, (2)

where P s in Gelie,

3 Production Cross Sections and Event Rates

PYTHIA V3.6 program provides the following estimates for 117 and Z production cross
sections in pp interactious at /s = 500 Gel ™

o-B(pp—1W* + X —ctr, + X )=120pb.
o-Blpp—1W~ + X — ¢ + X)=43ph.
a-Bipp— 7" + X —cte” + X)=10ph.

The pscudorapidity distributions for electrons and positrons from 1'% decays are shown
in Fig. 2. Positrons from '+ are more concentrated in the central rapidity region. while
electrons from '~ are more spread ont in 5 due to the polarization properties of the
gauge bosons generated in pp collisions. which then decay due to the parity violating weak
interaction. So. one should expect the detecting efficiency for '* to be higher thau for 1177,
The P} spectra for decay electrons and positrons from W% are shown in Fig. 3. and for the
highest Py electvon from ZY decays shown in Fig. 4.

Expected event rates in STAR for an imtegrated lumivosity of fLdf = 8- 10" ™ =
R00ph~! (L = 2-10%em~%-sce™ times 1-10"% se e which correspond to 100 days with the
30% efficiency) are presented in Table 1 for several values of triggering cuts applied to
the ¢ transverse momentum P%. An event is considered a candidate for the ' decay if
P; > Pi_cut. For Z° events the same requirement has heen applied for at least one of two
decay electrons.

It has also been taken in account that the fiducial EA/C acceptance is usually smaller
than the one defined by the design geometry. due to excluding events with ¢* hits in some
area close to EM (' edges. This is reflected in Table 1h. where the numbers corresponed to
the reduced acceptance of [7]< 0.95.

Table 1. Eveut rates for pp — W% 4+ X — %y, + X and pp — 7 + X —ctem + X at
VE=500GeV for [Ldl =R-10% =2 = 800 pb~!

a) |7]< 1.05 acceptance

Pi_cut. Gel'/c 10 I5 20 25 30 35 10 5] 950
I+ 74.080 | 72.340 | 67.900 | 60.250 | 48.600 | 32.670 | 9.190 | 1.160 | 250
- 16.930 | 16.890 | 16.620 | 15.910 | 14.280 { 10,780 | 3.050 | 380 { 90
z° 3140 ) 3.140 | 31400 3.140 | 3.135 | 3,085 | 2.575 | 1.460 | 200
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h) |71< 0.95 acceptance

Pj_cut. GieV/e 10 15 20 25 30 35 40 40 50
n+ GY.850 | GR.500 | GL.6GOO | H5T.560 | 16.560 | 31.130 | 8.700 | 1.0 | 210
W= 15200} 15,170 ) 15,000 § 11470 ) 13,120 7 9.900 | 2.890 360 SV
zZY 2,660 | 2,660 | 2.660 | 2.660 [ 2,660 | 2.610 | 2.295 | 1.330 | 190

The geometrical acceptance for the |5|< 0,95 is 72% for W 4% for 1~ and 33% for

z°.

4 Background to W*

Auny evenl with a high. local energy deposition in the EMC/SMD. inatching a high-r
charged particle. and obzerved in the tracking system. may he cousidered a potential candi-
date for a W= decav. Other sources can also provide sucl a signature.

In this section we provide estimates for ihe background to 1'% in STAR originating
from the following sources:

- Z" events with one missing electron:

- electrous from =Y Dalitz decavs:

- misideutified high-Pr charged hadrons as electrons:

- overlapping in the EMC/SMD 4-quanta from 7 decays with charged high Pr hadrons.

4.1 Z' with one missing electron

A background from Z" — ¢*¢~ with oue electron missing cannot be rejected. in principle.
For an integrated luminosity of 800 ph~! . the expected number of events with a missing ¢~ .
but detected ¢t in the fiducial acceptance is about 1700. and the same number of events
with a missing «* . but detected ¢~ . Thus. a background from ZY decavs to W'+ will be
~2.5%. and for W'~ - about 11%. The P;* spectrum for this background is shown in Fig. 5
along with the ¢* spectra from 1'% decavs.

4.2 Dalitz pairs

The upper limits for the background from 79 Dalitz decavs to % at various P _cut values
are presented in Table 2. We assume that an event with one or more Dalitz pair from
7 — q¢te” contributes to the background of either W+ or 11~ if at least one decay
electron or positron with P% > Pi_cut hits the EMC within its fiducial acceptance. No
other cuts were applied. All event rates in Table 2 are normalized to the 11't event rate
with the Pp_cut = 10Gel’/c for the EMC acceptance |7]< 0.95.
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Table 2. Upper limits for the background from = Dalitz decay.

Picut. GeVie | W [ W™ | Background to 1W7F (or 11'7) from Dalitz decays
] 1.00 | 0.22 (.04
15 a8 22 01
20 0.93 | 0.21 0.02
25 0.82] 0.21 0.005

We observe that even with the only requirement heing Pp > 20 — 25G U/, the hack-
gronnd [rom Dalitz pairs is at the same level or even lower than from Z% decays. while
the detecting efliciencies for 11 drop only by 7-18% . Taking into account that applying
snch eriteria to the 117 selection as an isolation cut. vejecting pairs of close proximity ¢,
distinguishable in the tracking system and with SV, a backgronnd from 7% Dalitz decays
may be considered negligible.

4.3 Misidentified high-Pr charged hadrons

The contamination of the 11'% event sample by high- Pr charged hadrons misidentified as
electrons is expected 1o be the most serions source of hackgrouud. Oune cau sec from Table
3 (see also Figs. 8-10) that the number of events with a high-Pr 7% or proton is well above
the munber of 1'% events . So. an ability to extract 1'% signals depends on the detector
capability to distinguish a charged hadron {from an electron.

Table 3. Relative number of generated events with high Pr positive hadrons normalized to the
1Y cvent rate with Pj_cut = 100GV /e

No (nts
Pr_cut. GeV/e | WH T T | Positive
hadrons

{0 1.00 ) 0.22 1 3.600

15 0.9 0.22 500

20 0.93 1 0.21 [

25 0.5210.21 20

30 0.66 1 0.19 6

35 0451 011 2.2

A number of the STAR detector features can be used to separate charged hadrous from
electrons. Most of the selection criteria. discussed helow. have heen used before in other
collider experiments.

At the lowest trigger level a threshold of about 20-25 Ge\'/c should be applied to the
P;E. measured as a weighted sum of signals in the adjacent EM(" towers. Since hadrons

3 : 3 X . -

In this paper we did not study specially the background from negative hadrons. but asswmed. that it is
at the same level or even lower. than the positive one. So. the background curves at Figs. & 10 and numbers
in Tables 3. 4 in respect to 11"~ should be considered rather as the upper linits.
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mostly deposit only a [raction of their energy in the EM calorimeter. a single hadron will
effectively be “scen™ in the EMC as a particle with a lower Pr than it actually is. Thus.
due to the rapid drop of the hadron Pr spectrum when Pr increases. it effectively provides
a hadron Pr spectrum. measured in the EMCCIving well below the actual one. In Fig. 6
one can see how it works. The effective hadron suppression power of this mechanism varies
from about 30 to 150 in the Pr region of 10 - 50 Ge\' /e,

However. high- Py badrons nsually originate from jets. And. since the proposed EM( [or
STAR is not fine-grained. particles surrounding a high- Py charged hadron can significantly
increase an effective EMC respouse i adjacent towers. So. at further analysis stages the
information from the tracking svstem and a fine-grained SMD should he used for the jets
recognition.

In this first pass for the background study the following eriteria for high-Pp «® selection
liave been applicd:

Energy-Momentum matching. A charged particle was considered a hadron and tias
rejected. if its momentum. measured in the tracking svstem. did not match its energy.
as measured i the EYC. within 2 V‘rrf; + 0% . where op and op are from eq. (1)
and (2). Actuallv. if the tracking svsten consists only of the TPC with op [rom eq.
(2). this criterion has a rejection power ~5 at Py just above 10 GeV /e, which then
goes down rapidly due to the momentum resolution deterioration at higher Iy (see

Fig. 7).

Isolation cut. An electron candidate was considared as originating from a W?* decay. if
the sum Egare- + Echargea - detected in the cone AR = \/{.lrj)'l + (Ap)?2 = 0.7 and

centered around an ¢* candidate. was less than 0.1 -F,. Here Fgae is the energy
deposited in the EMC by all particles except a ligh Proelectron: E o ppeq is a st
of all charged-particle energies (excluding an ¢ candidate). measnred in the tracking
svstem: £, is the energy of the «* candidate.

Shewer width. With the SM/D it is possible to measure a transverse width of showers and

reject those of them. which are spread mcre than expected for the e hits. We define
a shower width D as [11]

D=[SE(r~<r>?/TE]?. (3)

where r, is a coordinate of the center of ith SMD row. and E, is the energy deposited

in this row: < & >= (Zu; - E)/TE; is the energy weighted average of the position.

Tlie estimates for the background from charged hadrons. obtained by Monte-Clarlo sim-
ulations. are presented in Table 4 and in Figs. 8-10. With respect to hadrons. Py in the
figures and P7_cut in the table represeut their transverse momenta. as measured in the EM(’
which. as discussed above. are lower than actual Pri. CUT I includes only the "Energy-
Momentum matching™ and the “Isolation cut™ criteria. but does not include “Shower width™.

4 . . " . .
Except of the original hadron spectra. generated by PYTHJA/JETSET. without any cuts. where Pr is
a “true” hadron momentum provided hy the evemt generator.
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ln CUT 2. the requirement of D? < 10em? has been applied aloug with the two CUT {
critetia. C'UT 3 is the same as CUT 2. but with the requivement D? < tem? As in Tables
2 and 3. all event rates are normalized to 1W+s for Py’ _cut = 10GeV /e, without any other
cnts applied.

Table 4. Background from high- Pr charged hadrons for W% production.

CUT | CUT 2 cvUT 3

P cut. [ T0F 1S Positive | 11+ | 1™ Positive | 11+ [ 117~ Positive
(iel/e backgrouud hackgronund hackground

1 ot 0.20 Y| (.85 OIS 3.93 0.75 ] 016 262

15 0931 020 {.GY 0.83 1 s 0.59 0.74 1 0.16 043

20 N7 | 0.20 0.073 0.79 | U.IN 0.057% 0.69 | 0.16 0.013

25 0.78 1 0.19 0.033 0.70 | 0.18 0.025 0.63 | 0.15 0.018

30 0.64 | 0.1 0.015 0.7 ] 0.16 0.011 0.51 ] 0.11 0.00%

33 0.13 ] 0.13 0.015 0.39 1 0.12 0.010 0341 0.11 0.008

Preliminary” results for the background from high- Pr 1—gnanta overlapping with charged
hadvons tu the EMC/SMUD are also shown in Iig. 10. Such events were cousidered as a
background to V% if the distance between the center of a shower from the 7 and a charged
hadron in the V. provided by tracking. was less than | cm. Otherwise an event was
rejected. Two critenia from CUT 1 were also applied.

5 Conclusion

The results presented here prove that a WW'F signal can be extracted in STAR at the ac-
ceptable backgronud level of about 3-7%. while the detection efficiency due to applyving cuts
(CUT 2 & 3) drops by 15-23%. Background to /"= can be rejected to the level of 10-30%
depending on the selection criteria.

More electron/hadron rejection may he achieved with the Silicon Vertex Tracker (S1°T)
due to the significant improvement of the momentum resolution in the tracking syvstem for
the high-Pr particles [I]. The capabilities of the dE/dr measurement in the TPC for ¢*
selection [12] are also to be studied vet.

A nuniber of other background sources. for example. open charim and Leauty decays, are
now under investigation. although they are expected to be at a significantly lower level than
misidentified charged hadrous.

Iu spite of the lower production rate, we expect a Z° signal in STAR to be cleaner than

£ due to one more constraint in the Z° signature: a reconstructed mass of the e+~ pair
must he equal to the Z% boson mass.

5Low statistics.
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Figure Captions

Fig. 1. A cross-sectional view of one-unall of the STAR detector. Notations:
EM(B - Electromagnetic Barrel Calorimeter:
EMCEC - Electromagnetic Endeup ('alorimeter (STAR upgrade):
TPC - Time Projection Chamber:
SVT - Silicon Vertex Tracker (STAR upgrade).

Fig. 2. Psendorapidity distribution for ¢ from 1WE decay.

Fig. 3. P distribution for ¢ from W% decay for | ]< 0.95.

Fig. 4. Pr distribution for highest Pr ¢* from Z% decay for | 5]< 0.95.

Fig. 5. Pr distribution for ¢ from ¥ decay and hackground from ZY.

Fig. 6. Generated hadron spectrum (solid) for Pr > 10Gee/eo | |< 0.95 and a corre-
sponding spectrum measured with EM(C (dashed).

Fig. 7. Rejection power for the "Energy-Momentum matching” criterion. The solid (dashed)
histogram and line correspond to the rejection power withont (with) “Energy-Momentum
matching”™ criterion applied (lines are polvnomial fits to histograms).

Fig. 8. Charged hadron background vs. I’r before and after applving C'UT [ rejection
criteria (see text) along with ¢ from 1'# decavs.

Fig. 9. The same as Fig. 8, but for ¢'UT 2,

Fig. 10. The same as Fig. & . but for ('UT 3. Also shown the background from 4-qnanta

overlapping with positive hadrons.
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