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Abstract .

We study hit rates for the straw-chamber tracker by using the
PYTHIA event generator and the GEANT detector simulator. Radius
dependences of the hit rates are obtained for the solenoidal field of2,1,and 0
Tesla. Pseudo-rapidity coverage dependences are also given. The hit rate for
the straw of 5 mm and the pseudo-rapidity coverage of +1.5 becomes more
than 6 MHz at r=0.5 m with 2 Tesla

Introduction

Straw chamber tracker is one of the most promising tracker for the
central tracking system of SSC experiments because the wire chamber
technique has been well established. But for the SSC experiments, straw
chamber may have a severe difficulty of the high hit rate.

Event rate of the minimum bias event is expected to be 100 MHz and the
charged multiplicity per unit pseudo-rapidity is about seven. Not only the
primary particles but also the secondary products such as delta-rays and
positron-electron pair from g conversion should be taken into hit-rate
account, Curling track inside the tracking volume by the solenoidal field is
also expected to increase the hit rate significantly.

In this paper we studied hit-rate by using minimum bias events
generated with PYTHIA. To simulate effects of the secondary interactions
and curling-up by magnetic field, we employed GEANT.

Event samples

In this study, we used the event-generator code of PYTHIA version 4.8
to generate minimum bias events. Pseudo-rapidity distribution of the
charged particles for minimum bias events is shown in Fig. 1. The
distribution is almost flat for the central tracking region and the average
charged multiplicity per pseudo-rapidity unit is about seven. Transverse
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presented. One can clearly see an increase of the hit-rate for higher field. The
bump around r=50 cm for higher field is also observed. These are due to the
curling track effects. The hits-rate when the secondary interaction are
switched off are presented in Fig.5a and 5b for no field and 2 Tesla magnetic
field, respectively. In comparison with Fig.4 and Fig.5, clearly the bump is
due to the low energy, curling particles which is generated by the secondary
interactions at the tracker materials. The difference between Fig. 6a and 5b
indicates the curling track effect of particles produced at primary
interaction. Statistical error is ~ 15% at 1MHz point so that the detail
structure indicates statistical fluctuation.

Table 2 shows the summary of the hit rate. If one consider about the
maximum drift time of liberated electron and event pile-up, one had better
uses a straw chamber less than 1 MHz. This means that the straw chamber
for the central tracker of SSC experiments must be short enough, for
example at r=50cm the straw length would be shorter than 40 cm resulting in
6 segments required for lhl< 1.0 coverage. This study in cojunction with the
time resolution study[2] suggests that the straw chamber tracker (barrel
part) is better to install outside the cylinder of r=100cm from beam line.
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Table Captions

1) Material list of the model central tracking system.
2) Summary of the hit-rate for the straw chamber as a central tracker
under the standard SSC operating condition..



momentum distribution of the charged particles produced in the central
region of 1hl < 2 is shown in Fig. 2. The average transverse momentum for
these particles is 590 MeV/c and the peak of the distribution is around 350
MeV/e.

Model straw chamber

The model chamber we used in this study is based on the large
solenoid detector design, Berkeley '87 workshop [1]. The model tracker
consists of 15 superlayers of straw chamber. One superlayer has 8 straw
layers. The material list assumed for the model tracker is given in Table 1.
The total thickness of the tracker is 0.08 X0. The inner radius of the most
inner superlayer was 40 cm, the inter radius of the most outer superlayer
was 152 cm.,

In Fig. 3 a schematic view of the tracker and a sample event is
superimposed. To make the simulation fast, superlayers are assumed to be
filled with the material having average density of all materials. We put 40
probe straws per one superlayer as shown with small dots in the figure to
count charged particles passing through. The diameter of these straws is 5
mm. If 10 mm straw is used, the hit rate will be twice as much.

Simulation

Secondary interactions such as pair production, decay in flight,
hadronic interaction, delta-rays, multiple scattering, etc., were simulated by
using GEANT simulator. The cut-off energies used in this study were set to 1
MeV. No albedo particle from calorimeter was taken into account. We
examined three different field strength, which were 2, 1, and 0 Tesla, to study
the effect of the curling-up tracks.

Since CPU resource is limited, we could accumulated only 100
minimum bias events for this study. Hit rate of model straw chamber in each
superlayer was calculated by the averaging over 100 events and 40 symmetric
probe straw chambers, and normalized to the 100 MHz which is the hit rates
of the minimum bias event rate for the standard SSC luminosity. Multiple
hits on one probe straw in one event were counted as only one hit.

Results

The radius dependences of the hit rate with respect to the solenoidal
field of 2, 1, and 0 Tesla are shown in Fig.4a, 4b and 4c, respectively. Hit-rate
for four different pseudo-rapidity coverages of the straw chamber are



Figure captions

Fig.1. Pseudo-rapidity distribution of the charged particle of the
minimum bias events generated by PYTHIA.

Fig.2. Transverse momentum distribution of the charged particles
produced in the central region of |hl < 2

Fig.3. A schematic view of the straw chamber tracker. A sample event
is superimposed on the tracker.

Fig.4a, 4b, 4c. The radial dependences of the hit-rate with respect to the
solenoidal field of 2, 1, and 0 Tesla, respectively.
Fig.Ba, 5b. The curling track effect only particles coming from primary

interaction. The particles produced at the secondary interactions
are not counted.



~TableI  Material in the Central Tracking System

Material Thickness | Radiation Length | Radiation Length

) (cm) for Material (cm) (%)
Mylar 1.12 28.7 3.9
| Glue 0.062 35.0 0.1
Stainless Steel Wires 0.044 1.76° 2.5
Argon 50 17,800 0.3
Ethane 50 32,450 0.2
Pads on Mylar 0.15 28.7 0.5
Epoxy Foam 0.0 1,720 ' 0.5

Total 73.5 - 8.0

ref. Proceedings of the workshop on
Experiments, Detectors, and Experimental Areas
for the Supercollider, 1988 Berkeley, page353.

( (



Table 2. Hit rate.
Pseudo-Rapidity

Coverages Inl<1 Inl <1.5 Inl <2
Radius from
_ Beam line (cm) | 50 ;100 {150 501100 {150 | S0 100 | 150
Length of o :

Straw (cm) 117 | 235| 353 | 213 | 423| 639 | 363 | 725 |1088
Field 2 Tesla.
Hit rate (MHz) 40119 |10 |62131] 15|92 46| 2.0
Field 1 Tesla.
Hit rate (MHz) 27121113 141 131) 17165 47} 24
No magnetic field
Hit rate (MHz) 2311210 (3220 15| 45| 24| 2.1




£y1prdex opnasd

llllllll

SIUOAd SBIq UITIITUT

00°0

G20

060

c4’0

00°'T

soroTlIed padrieyo Jo Lypidea opnasd

1'0 / soioniaed pedreyod jo Jsquunpy



001

(°/A39) d
1 =01

e et bt

2 > |4

S}U2A® SBIG UIMUITUIN

VIHLAd

__-_|_|- 11 1

——_n—_ F I |

——-—_-

_:-n

| _:_.___._ 1

soorjaed padaeyo

JO UOTINQLIISIP 1d

¢o

01

a1

0e

saojjred padavto jo Iequuny






G.T...wnh

(axo) suy weeq 9} WOJJ SNIpRI
0S o1 G

Illll

R

|

llllJ

) T
N m.GV_?_ % .r/ ., .14
RNUVRS = RS o
s 1>l o Yoo N
2> + ~U®
e ..llf -
_ L1 | I | 1 L 1 [ _ 1 || [] 1

MeI}S gwur g e[S9] g PIRld

g0

0T

0'S

0'0T

(zHR) °71%1 3y



(o) suy] wreaq oY} WOIJ SNIpel

0¢g

or

_-—_—
L]

Il_lll

Mers ¢urur g

e[s9], T PIPWA

S0
0’1
E
J
B
41
0'g <
0'01



>4 B

(ux0) oa:, mweq 93 woJgy snipel .
S

00T 0S | 1}4 .

— ) 1 I ] { 1 | | _ | I 1 1 mo
[ -1 01
" 4 09
. — o0t

g'1t>l o e ©
.

i NV_E + IJ. ]

— ] 1 [ 1 1 | | { — | | || [ ]

MeI}s guwur ¢ PR ON

(zHR) ®3ex U



(wo) eur Treaq oY) TIOJY SOIPAL

00T 0S ¥) S g
vn — i 1T 1 I i i 1 1 u | D L] ) mo
== oo ’ N
I o R ’
— — 07
by
\ L
LAl
l * 1%
= .T........ l/
- O R A
C Go>|Y] x ol ] .
- ﬁV_P_ o /.Tl S g — 0°01
g'1>l o I
2>l + ~ o
— b | 1 1 b 1 1 b ) — 1 1 1 |

bmo_ ororyaed ALrewrrd e[sa] 2 PIOLd

(zHR) 8%l Y



(ux2) eull wWIweq 9y} WIOL] snIped

00T 0g 01 ¢
Y —- 11 1 i [ | | ] ™ — ™I — m.o
- 0 =
— - o1
- g
~ . 0'S
T -
5 u
— 3 oot
I _.L_ 1 1 1 1 | 1 : _. i 1

A1uo sronred Axewrtad  platg ON

(

(zHR) @191 3y



