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1 Introduction

In tliis paper, we continue to study the feasibility <>f detecting M * and Z° with the S T A R
detector [I. 2] at HI I IC Est imates for tlie event rales ['•). -1] had shown tha i , in />/) collisi<ins
at v/s = ")()() f'/f \ lor tlie integrated luminosity S()()/»/>~'. the S T A R detector with the elec-
tromagnetic calorimeter [EMC) [1. 2] is able to collect about 10r> 11"* —• t±i.' events and
several thousands of Z u -+ f + t ~ decays. Here we present estimates for various background
sources to the process pp —> H * + A —> f ± ; ' + .V. H i e results were obtained by Monte-Carlo
simulations with the PYTII1A Y5.fi/JETSET Y1.3 LVSD programs [5] and CEAST Y.U5
[(il. The EHLQl [7] set of proton structure functions has been used. As in [-1]. all parameters
in PYTIIIA were set to their default values except for two. The choices for the MSTP(2)
and MSTP(X\) were as following:

MSTP(2) = '1 Second order running o s :

MSTP{X\) = 2 Separate A' factors are used for ordinary (PARP('il) = 1.5) and color
annihilation graphs (PARP{:V2) = 2.(i).

Inclusive IT* and Z° production cross sections values derived here from PVTlllA \'-i.fi
are essentially the same as in [4]. while detecting efficiencies and event rates are slightly
different. The reason is that the old PYTHIA \ 5.3 version [<S] used earlier [1] did not
provide a correct description of the 11'* and Z° polarization states and consequently the
correct kinematics lor the leptons produced from their decays.

2 STAR Detector

The STAR detector (Fig. 1) at RH1C had been described elsewhere [J. 2], With a barrel
electromagnetic calorimeters (EMC) S T \ R is especially suitable for detecting II' and 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 | // |< 1.05 and '2ir in
azimuth, thus matching the acceptance for full Time Projection Chamber (TPC) tracking.
The inner radius is 2.20 meters and the overall length is 6.20 meters. It consists of 120
modules with 21 layers of 4-nnn thick plastic scintillator and 20 layers of 5-inin thick lead
plates. This corresponds to a total of approximately 20 radiation lengths (A'o). including
a 20-mm thick aluminium front plate. The EMC segmentation will be Ay1 = 0.1 and
A;/ = 0.1 - 0.2. At 7/ ~ 0. the total amount of material in front of the EMC is ~ 0.5 -A'o.

A Shower Maximum Detector (SMD) with a fine spatial resolution will be placed at a
depth of approximately 5 A"o. A number of versions for the SMD design are currently under
investigation at 1HEP. Protvino [10]. Here it has been assumed the SMD consists of 24-cm
long scintillator rods with the transverse size of lxl cvi2. The radial space allotted is 25
mm.
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The EMC 'energy resolution for t± obtained by Monte Carlo calculations is approximately

equal to

nEjE = 2ll'X

where L is in (if \ • The niuinent urn resolution ol' the STAR Hacking, system ( 77V only)
is expected to l>e [ l ] :

where P is in (if \ jr.

nr/P= \A)7, P. (2)

3 Production Cross Sections and Event Rates

PYTHIA ]'.'>.d program provides the following estimates for \Y and Z production cross
sections in pp interactions at VAS = oOO (rV I :

, _ n"+ + X — r + v, + A') = 120;)/).

— U - + A" — > -T>, + X ) = 43 pb.

a • B(pp - Z° + A _ r + , " + A ) = 10/)/).

The pseudorapidity distributions for electrons and positions from \Y± decays are shown
in Fig. 2. Positions from \\ + are more concentrated in the central rapidity region, while
electrons from \Y~ are more spread out in »/ 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 ll + to be higher than for II ~.
The Pf spectra for decay electrons and positrons from II * are shown in Fig. 3. and for the
highest Pj electron from Z" decays shown in Fig. 4.

Expected event rales in STAR for an integrated luminosity of ) L <lf — 8 • H) t smi~ J =
800 pb~l (L = 2-10""r/»r'J-.sff~1 times 1 • 10" *« r which correspond to 100 days with the
5O'/i efficiency) are presented in Table 1 for several values of triggering cuts applied to
the f± transverse momentum Pf. An event is considered a candidate for the II decay if
P\ > Pj.cvi. For Z° events the same requirement has been applied for at least one of two
decay elect ions.

It lias also been taken in arrount that the fiducial EMC acceptance is usually smaller
than the one defined by the design geometry, due to excluding events with e* hits in some
area close to EMC edges. This is reflected in Table lb. where the numbers correspond to
the reduced acceptance of | ' / |< 0.95.

Table 1. Event rates for pp — H * + A — f±;/, + A" and pp — Z° + A* — i+(~ + X at
v^ = oOO Gf \' for JL d1 = « • 1038 cm'2 =

a) I'/|5: 1-05 acceptance

P^cut. Ct \ 'Ic
\Y+

11-
Z°

10
74.080
16.930
3.140

15

72.340
16.890
3.140

20
67.900
16.620
3.140

25

60.250
15.910
3.140

30

48.600
14.280
3.135

35
32.670
10,780
3,085

40

9.190
3.050
2.575

45
1.160

380
1.460

50

250
90

200
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'>) I'/15- 0.95 acceptance

1*1.fill. <Vf

\v+
n -
zu

'/<•

69
15
2

10
.850
.200
.660

68

15
2

15
.500
.170
.660

6
20

1.600
5.000
2.660

• >i

11
2

25
.560
.170
.660

30
16.560
13.120
2.660

35
31.130
9.900
2.610

8
2
2

40

.700

.890

.295

1

1

45
.090
360

.330

50
210

80
190

T h e g e o m e t r i c a l a c c e p t a n c e for t h e \i]\< 0.95 is 72% for l l ' + . 4 4 % for \\ ~ and 33(X for

4 Background to W±

Any event with a high, local energy deposition in the EMC'/SMD matching a high-/V
charged particle, and observed in the tracking system, may be considered a potential candi-
date for a VI * decay. Other sources can also provide such a signature.

In this section we provide estimates for the background to IT* in STAR originating
from the following sources:

- Z" events with one missing electron:
- electrons from ;ru Dalitz decays:
- inisidentified high-Fj charged hadrons as electrons:
- overlapping in the EMC'/SMD ^-quanta from TTU decays with charged high PT hadrons.

4.1 Z° with one missing electron

A background from Z" — i+t~ with one election missing cannot lie rejected, in principle.
1'or an integrated luminosity of 800pb~l . the expected number of events with a missing ( ~ .
but detected <+ in the fiducial acceptance is about 1700. and the same number of events
with a missing e+ . but detected t~ . Thus, a background from Zu decays to 11 + will be
~2.5%. and for \Y~ - about 11%.. The Pf* spectrum for this background is shown in Fig. 5
along with the t± spectra from IT* decays.

4.2 Dalitz pairs

The upper limits for the background from TT0 DaHtz decays to IT* at various Pf.ri// values
are presented in Table 2. We assume that an event with one or more Dalitz pair from
K° -* lt+t~ contributes to the background of either II"+ or \Y~ if at least one decay
electron or positron with Pf > Pj._cvt hits the EMC within its fiducial acceptance. No
other cuts were applied. All event rates in Table 2 are normalized to the l l ' + event rate
with the Pj-.rui = lOGVT/r for the EMC acceptance |// |< 0.95.
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Table 2. Upper limits for the background from 7r() Dalitz decay.

Pj.cul. G'f f/c
10
15
20
25

\Y+

1.00

0.93
0.82

ir-
0.22
0.22
0.21
0.21

Background to 11 + (or \Y ) from Dalitz decays

().r><>
0.11
0.02
0.005

W e o b s e r v e i h a t e v e n w i t h ( h e o n l y r e q u i r e m e n t b e i n g Pj > 2 0 — 2 5 Cli Y / c . t i n - b a c k -
g r o u n d f r o m D a l i t z ; j > a i i s i s a t I l i e s a m e l e v e l o r e v e n l o w e r t h a n f r o m Z ° d e c a y s , w h i l e
t h e d e t e c t i n g e f f i c i e n c i e s f o r I I ^ d r o p o n l y b y 7 - l * / T . ' f a k i n g i n t o a c c o u n t t h a t a p p l y i n g
s u c h c r i t e r i a t o t h e 1 1 ' s e l e c t i o n a s a n i s o l a t i o n c u t . r e j e c t i n g p a n s o f c l o s e p r o x i m i t y t±.
d i s t i n g u i s h a b l e i n t h e t r a c k i n g s y s t e m a n d w i t h S . M D . a b a c k g r o u n d f r o m 7i"u D a l i t z d e c a y s
m a y b e c o n s i d e r e d n e g l i g i b l e .

4.3 Misidentified high-Pj charged hadrons

The contamination of the II ± event sample by high-Pr charged hadrons misidentified as
electrons is exi>ected to be the most serious source of background. One can see from Table
3 (see also Figs. S-10) that the number of events with a high-ZV TT+ or proton is well above
the number of I I - ± c\ents 3. So. an ability to extract H * signals clepeiuls on the d e l e d o r
capability to distinguish a charged hadron from an election.

Table 3 . Rela i iv iiinnhcr of generated evonts with higii Pr posiiive liaclrons noriiinlized to 1 lie
II ' + evont rate with P'y.cut - lOC'f I ' /c.

Pj-cui. (UY/r

10
15
20
25
30
35

11 +

1.00
O.<18
O.!)3
0.82
0.GG
0.45

No ( '

M -

0.22
0.22
0.21
0.21
0.19
0.J-1

its

Posit ive
hadrons

3.000
500
75
20
G

2.2

A number of the STAR detector features can be used to separate charged liadroiis from
electrons. Most of the selection criteria, discussed below, have been used before in other
collider experiments.

At the lowest trigger level a threshold of about 20-25 GeY/o should be applied to the
Pj . measured as a weighted sum of signals in the adjacent EMC towers. Since hadrons

In this paper we did not study specially the background from negative hadrons. but assumed, that it \a
at the same level or even lower, than the positive one. So. Die background curves at Figs. 8-10 and numbers
in Tables 3. 4 in respect to \Y~ should be considered rather as the upper limits.



V. Kykov and K. Shesiennanov. H * and Z u in S T A R . AKL-UEP-Tll-M-M 5

mostly deposi! only a fraction of their energy in the EM calorimeter, a single hadron will
effectively be "seen" in the EMC as a particle with a lower Pr than it actually is. Thus,
due to the- rapid drop of the hadron Pj spectrum when Pj increases, it effectively provides
a hadron Pj sped rum. measured in the E'MC lying well below the actual one. In hie,. (»
one can sec how it works. The effective hadron suppression power of this mechanism varies
from about ">0 to i">0 in the Pj region of 10 50 C!eY/c

However. high-TV hadrons usually originate from jets . And. since the proposed EMC lor

STAR is not fine-grained, particles surrounding a liigh-P; charged hadron can significantly

increase an effective EMC response in adjacent towers. So. at further analysis stages the

information from the tracking system and a fine-grained SMD should be used for ihe jets

recognition.

In this first pass for the background study the following criteria for bigb-/V (± selection

have been applied:

E n e r g y - M o m e n t u m m a t c h i n g . A charged particle was considered a hadron and lii:is

rejected, if its momentum, measured in the tracking system, did not match its energy,

as measured in the EMC. within 2 • Jrr'p- -f rrj, . where OE and ®p <*«•* from eq. (1)

and (2). Actually, if the tracking system consists only of the TPC with ay from eq.

("J). this criterion lias a rejection power ~ "> at Pj just above 10 (_ie\ / c . which then

goes down rapidly due to the momentum resolution deterioration at higher Pj (see

Fig. 7).

Iso lat ion c u t . An electron candidate was con*id?red as originating from a M * decay, if

the sum Efr\i< + Eci,nrgi.,i . detected in the cone A/? = i / (A//) 2 + (-V^)2 = 0.7 and

centered around an (± candidate, was less than 0.1 Er. Here EEMC I S 'I'*' energy

deposited in the EMC by all particles except a high Pj electron: /T,.;,,,,.,,,,; is a sum

of all charged-particle energies (excluding an i± candidate), measured in the tracking

system: E, is the energy of the <* candidate.

Shower w i d t h . With the SMD it is possible to measure a transverse width of showers and
reject those of them, which are spread mere than expected for the i* hits. We define
a shower width D as [11]

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

in this row: < .r >= (L.r, •E,)/Y.E, is the energy weighted average of the position.

The estimates for the background from charged hadrons. obtained by Monte-Carlo sim-

ulations, are presented in Table 4 and in Figs. 8-10. With respect to hadrons. Pf in the

figures and Pj-cut in the table represent their transverse momenta, as measured in the EMC

which, as discussed above, are lower than actual PTA• CUT 1 includes only the "Energy-

Momentum matching" and the "Isolation cut" criteria, but does not include "Shower width".

4Except of the original hadron spectra, generated by PYTHJA/JETSET. without any cuts, where Pr is
a " true" hadron momentum provided hy the event generator.
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In CVT J. the requirement of Z?2 < \0nv2 has been applied along with the two CVT I
criteria. CVT i is the same as CVT '2. but with the requirement D1 < 1 CJJ»2. AS in Tables
2 and 3. all event rates are normalized to H'+'s for Pj .mi = U)(,'< \'/c. without any other
cuts applied.

T a b l e 4 . lUiek»ioiiiid from liigli-/Y charged liadrons for production.

Pf* cut.
CtV/r

10
15
20
25
30
35

(TT 1
11 +

O.ni
O.it.i
0.S7
0.78
O.GI
0. 13

\y-

0.20
0.20
U.20
O.H)
0.18
0.13

Posil ive

barkgrouud
5.4

0. OH
0.07:1

o.cm
0.015
0.015

CVT 2
U +

0.S5
().8:{

0.7!)
0.70
0.57
0.3!>

1 1 -

11. IS
0.18
0.18
0.18
0.10
0.12

Positive
background

3.M
0.5!l
0.057
0.025
0.011
0.010

(TT 1
11 +

0.75
0.7-1
0.0!)
0.6:]
0.51
0.3-1

I I -

O.IG
0.1G
O.Hi
0.15
0.1 1
0.11

Positive
background

2.<i2
0. |:i

0.0 13
0.0 IS
0.008
0.008

Preliminary' results for the background from high-Pj ")—quanta overlapping with charged
haclrons in tlie IiMC/SMD are also shown in l'ig. 10. Such events were considered as a
background to IT* if the distance between the center of a shower from the - and a charged
hadron in the /:"WC. provided by tracking, was less than 1 cm. Otherwise an event was
rejected. Two criteria from CVT 1 were also applied.

5 Conclusion

The results presented here prove that a 11+ signal can be extracted in STAR at the ac-
ceptable background level of about 3-7lA. while the detection efficiency due to applying cuts
( ( T T 2 iV 3) drops by 15-25Vi. Background to U'~ can be rejected to the level of 10-311'X
depending on the selection criteria.

More electron/hadron rejection may be achieved with the Silicon Vertex Tracker (51T)
due to the significant improvement of the momentum resolution in the tracking system for
the high-Pj particles [1]. The capabilities of the (JE/d.r measurement in the TPC for (±

selection [12] are also to be studied yet.
A number of other background sources, for example, open chair.) and beauty decays, are

now under investigation, although they are expected to be at a significantly lower level than
misidentified charged hadrons.

In spite of the lower production rate, we expect a Z° signal in STAR to be cleaner than
11 ± due to one more constraint in the Z° signature: a reconstructed mass of the f+f ~ pair
must be equal to the Z°-boson mass.

5Low statistic.?.
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Figure Captions

Fig. 1. A cross-sect ioual view of one-half ol the S T A R detector. Notations:

EML'B Electromagnetic Barrel Calorimeter:
EMC'EC - Electromagnetic Eiidcup Caloriineter (STAR upgrade):
I PC - Time Projection Chamber:
S\'T Silicon Vertex Tracker ( S T A R upgrade).

Fig. 2. Pseudorapiditv distribution for <± from \Y± decay.

Fig. 3 . P, distribution for <± from l l * decay for | ; / | < 0.!>•">.

Fig. 4 . Pj (list ril)iition for highest Pj t* from Z u decoy for | ' / | < 0.9").

Fig. 5. Pj distribution for t* from l l ' * decay and background from Z ° .

Fig. 6. (.Generated hadron sjjectrum (solid) for Pj > 106V c/c. | ;/ | < 0.95 and a corre-
sponding; spectrum measured with EMC (flashed).

Fig. 7. Rejection power for the "Energy-Momentum matching" criterion. The solid (dashed)
histogram and line correspond to the rejection power without (with) "Energy-Momentum
matching" criterion applied (lines are polynomial fits to histograms).

Fig. 8. Charged hadron background vs. Pj before and after applying CUT 1 rejection
criteria (see text) along with i± from U'* decays.

Fig. 9. The sanie as Fig. 8. but for CUT J.

Fig. 10 . I he same as Fig. S . but for C'l'T ?. Also shown the background from -^-quanta
overlapping with positive hadrons.



V. Rvkov and K. Shestermanov. W* and Z° in STAR. ANL-HEP-TR-93-89 10

11=1.05

2.2m

Fig.l



V. Rykov and K. Shestermanov, W± and Z° in STAR. ANL-HEP-TR-93-89 11

STAR barrel

<u

3

10 J -

1

.̂ r

1 1 1

. r

pZ^

r̂

i_n L

i i . r .

Wlrd!

i i I_J

L-tJ LJ^L_
, .T71.

f.el+i>

_ _ I 1 L _ _ l _

pp, Vs=5

::zsz

I—1—J_.. I 1

00 GeV

L X_I -J

, , , J i i
-1.2 -0.8 -0.4 0 0.4 0.8 1.2

Fig. 2



V. Rykov and K. Shestermanov, W± and Z° in STAR. ANL-HEP-TR-93-89 12

5o

10 3 J

10 -

10 20

STAR barrel

—

1::::::: LJT
rZL.

i

_j

_J_
F"

•p

"j

n

I::::::::::::::!:::::::::

f
"T^::::";r" :::::::::r~

1^

i , , , ,

pp. V5=50

1.
:::::::::::::::::::::r£i::::

.4HT..t..

JLf

l i t f j

n
L
^
L

•••::::ti;:::::::^
i * i . i— .

r

I I I , !

.Q..Qe.V

T....1.
-

30 40

Fig. 3

50 60
PT

e GeV/c



V. Rykov and K. Shestermanov, W* and Z° in STAR. ANL-HEP-TR-93-89 13

STAR barrel
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