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Use of silicon semiconductor devices for tracking as
well as calorimetry is considered as a possible general
purpose detector SSB ( 5.0lid 5.tate IiaII or 5.i Iicon
5.emiconductor .B.all) for the SSC. The design is based
on the reasonably expected progress of semiconductor
detector technology and associated electronics. We
discuss how realistic such an idea is and its detector
performance is crudely estimated in this paper.

The requirements of sse detectors are quite severe
due to the high luminosity environment. At the highest
luminosity of L= t033/cm2/sec, the detector has to stand
the charged particle intensity of 106 /cm2/sec comming
from minimum bias events at 10 cm from the beam pipe 1.

If one uses wire chambers with e.g. 35cm in length and
O.Scm drift distance. each wire encounters 30MHz hit rate
on an average. Thus it is obviously impossible to use wire
chamber technology in the vicinity of beam pipe. At larger
distance wires could be used, but a model design ended up
with more than l50K sense wires2• In addition, wires
have to be long (> Sm) in order to cover the wide
angle. One can divide wire chambers into two or three
parts in z direct ion in order to avoid such long sense
wires, but number of readout channels doubles or triples
and many end plates intervene. It is pointed out that the
support structure to sustain the total wire tension
becomes non-trivial any more3. Such a dilemma stems
from the intrinsic property of wires i.e. one wire covers a
wide detector space. One possible solution is to make
extremely compact modular wire chambers with a very
narrow wire spacing4 . In this report we propose to solve
the dilemma of tracking detectors by introducing rapidly
developing semiconductor detector technology.
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Calorimetry for SSC is another headache. It has been
believed that Iiquid Argon is the only detector to survive
in high radiation environment such as the SSC5. However,
due to highly coil imated structure of high energy jets,
each calorimeter unit has to be rather small, resulting
huge number of readout channels(> 150K). How to extract
such many readout wires from cryogenic dewar is again a
non-trivial technical problem. We point out that recent
tests of electromagnetic calorimeters using si Iicon
detectors are rather encouraging'·6.

We assume an axial magnetic field just simply
because the central region is expected to have the highest
possibility for new physics. The magnetic field is excited
by a conventional superconducting solenoid.

We aim the central part ( trackers and calorimeters)
as compact as possible in order to preserve a room for
good muon detectors outside. However no considerat ions
on muon detection are given in the present paper. No
particle lD devices are included in the design, since we
believe that they are incompatible with the high
luminosity requirements.

Si Iicon Semiconductor Detectors

There are many advantageous features of silicon
semiconductor detectors worth pointing in comparison
with conventional wire and liquid Argon detectors?
Fast response: The mobi lity of electrons and holes in
si Iicon crystal is an order of 3x 106 and lOG cm/sec
respectively. Therefore it take only 10 and 30 nsec for
electrons and holes to be completely drifted to electrodes
for wafer thickness of 300 v.m, a factor of 10 faster than
llguid Argon counters and comparable to lmm drift in
wire chambers. This collection time well matches the sse
bunch spacing of 15 nsec. However, one needs low noise
electronics to be sensit ive to an order of 1 fC for
microstrip devices. For silicon sampling calorimeters, the
large detector capacitance slows down the readout speed
due to RC time constant. If one can narrow pulse width by
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Fig.2 Parallel-in serial-out readout electronics
of si Iicon microstr ip detectors.
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We use silicon microstrip detectors as basic building
blocks of track ing system simply because they are the
only sem iconductor devices used in Quantity in high energy
experiments so far, In the design of the present tracking
system. we assume two important technical progresses in
near future:

(1) microstr ip readout electrodes in both sides of
si Iicon wafer with small (or large) angle stereo,

(2) readout microelectronics with parallel-in serial-out
(PISO) buffer bonded to microstrip detectors.

Based on the past fixed target experiences with silicon
microstrip detectors 14• we guess at least 10 hits along a
charged particle track are needed for pattern recognition
in mUlti-particle narrow jets. Small angle stereo strips
in back side of si I icon wafer provide z-reconstruction.
Since each detector length is only 10cm in z direction in
the design, one has to Iine up many detector elements
with associated electronics as shown in Fig. 1. The strip
size is assumed to be lO0J.lm in order to keep total
number of readout channels reasonable.

Each detector has two readout chips. The chip has a
charge buffering capability to keep time-sliced records
for about 1 Jlsec for the 1st leve I trigger ing. Therefore it
has to be fast CCD-l ike devices 15 and each strip has an
independent buffer as shown in Fig.2. To readout such
large number CCD-like channels, one needs parallel-in
serial-out (PISO) transfer mechanism, However. unless
one uses the charge division techniques for better
precision. charge storage capability is not necessarily
reqUired for traCking microstrip detectors, It is sufficient
to keep hit or no-hit information as was demonstrated in
recent experiments 16. In such a case, simple parallel shift
registers with serial readout circuit are enough and
consequently. one could gain higher speed with smaller
power dissipation.
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Fig.l Cross section of the central part of me SSB.

proper shaping, then the intrinsic detector speed will help
appreciably.
Space resolution: It is not diff icu It to achieve better
than 10 Jim space resolution with silicon microstrip
detectors even in high magnetic fieldS, Recent beam test
demonstrated that two part icle separation can be achieved
at 150 Jim without any efficiency and resolution losses9.

It is almost impossible to realize such resolution and two
particle separation with conventinal wire chamber
technique,
Radiation damalJe: It is generally bel ieved that sol id
state devices are weak aQainst radiation due to their
crystal structure. However there are a few high energy
beam tests to indicate that sil icon detectors can stand
over several Mega-Rads 10, 11. The leakage current
increases due to radiation, but it could be easily reduced
by simply cooling the device 11. Associated electronics (
amplifiers, mUltiplexiers ) are more vulnerable to
radiat ion. It is obvious that we need more R&D in this
field but there seems to exist enough establ ished
technology for radiation resistance in other fields such as
space, nuclear plant and mi Iitary 12.1

Compactness: Detectors itself is very compact. tak ing
only 200 Jim of thickness to generate enough charge to be
detected for minimum ionizing particles. Readout
electronics and cables takes more space than detector
itself at present. However, there are rapid progresses
recently for the use of VLSI technology as demonstrated
by Jl-Plex 13, Therefore it becomes possible to have
integrat ion of detectors and their readout electronics. For
the calorimeter case. the expected compactness helps in
preserving transverse shower size small and consequently
keeping the shower overlap minimal.
Operation: Si I icon devices can be operated at room
temperature. It is rather easy to construct the detector
system because neither special gas nor cryogenic liquid
and containers are required.
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Table 1 Dimensions and Parameters of Trackig Detector 100
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Fig.3 Transverse momentum resolution with
the silicon microstrip tracking system.

-3.0 to 3.0
11
8 cm

88 cm
10cmx5cmxO.02cm
100 jlm
3.50

30jlm in r-, plane
500 jlm in z-r plane
500}.lm in r-, plane
15304
15304K

Two track resolut ion
No. of microstrip detectors
No. of strips for readout
Momentum resolution

Rapidity range
No. of Iayers
Inner radius
outer radius
Size of microstrip detector
Strip width
Stereo angle
Position resolution expected

( E in GeV )

Electromagnetic Calorimeter

6E/E = '7%1ri7f)

Recent beam tests showed that large area si I icon
detectors could be used to form compact electromagnetic
shower calorimetersG• According to these pioneering
works, we can guess the energy resolut ion of

total radiation length t=0.11Xo' The radiation length is

based on assumed effective thickness of 1~ radiation
length per layer including electronics, cables and support

structure. Due to high resolution of silicon microstrip
detectors, ~2(j charge separation (6Pr /Pr=0.41) could be

possible even at Pr=1000 GeV/c. It should be noticed,

however, that position alignment of microstrip detectors
is a non-trivial mechanical problem to realize such a
momentum resolution. This is one of the reasons why we
employ a moderate strip width of 100J,lm , since alignment
will be the dominant source of position errors.

Pattern recognit ion remains to be studied more in
detai L The proposed eleven layers for axial and stereo
strips are certainly not enough for high mUltiplicity jets
if we recall the experiences of drift chambers. However,
the superior position and double-track resolution of
silicon microstrips will help pattern recognition. In
addition, one is able to reconstruct 7 coordinate locally at
each detector using front axial strips and back side small
angle stereo strips. Obviously we need Monte Carlo
detector simUlations for quantitative evaluation of
track ing performances.

156 KHz/strip at rT = 8 cm

25 KHz/strip at rT = 20 cm

1 KHz/strip at rT = 100 em.

dnell/dS = 108/rl particles/cm2/sec

hit rate =

where (;' is the sampling interval in unit of radiation

(6P
r
/P

r
)2 = [0xPr/ (0.3BL2)]2x(720/(N+5))+(0.06/B/L)2xt length. With t:=0.5, one gets a moderate energy resolution

of 12%11f
= (4.1 x lO-4 Pr[Gev])2+ (0.011)2 (see Fig.3) Shower counters need small transverse segmentations

so as to be useful in jet reconstructions. It has been
where we assume B=2 Tesla, 0x=30jlm, N=ll, L=90cm and pointed out that one needs 69~6'l'l~0.02 or 0.03 for
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Compared with t ime-sI ice interva I of say 100 nsec or
less, these hit rates are sufficiently small and therefore
no overlap/pile-up occur, I.e. detectors are rather quiet.

Separation of in time and out of .time tracks are easy
if readout CCO or shift register run at more than 67 MHz
(=SSC bunch interval). We are not certain at present
whether one could achieve such high speed (and low noise)
readout electronics. However, even with slower time
sampling electronics, by phase shifting the clocks for
different PISO readout chips, it may be possible to
resolve in time from out of time tracks.

The momentum resolution is given by 18

where rT is the transverse distance in cm from the beam

pipe. By mUltipling the assumed strip size of
IOcmxO.Otcm=0.lcm2, we obtain

As summarized in Table 1, we need to handle close to 2
million readout channels. Even if one manages to keep the
power consumption of the PISO devices down to 1 mW/ch
per readout channel ( which is quite difficult for such
high speed (> 1OMHz) devices with the present technology),
total power consumption adds up to 15 KW. Special
cooling techniques are required.

The hit rate at full luminosity of 1033/cm2/sec can be
easi Iy calculated based on the approximate formula 17;
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optimat Wand heavy flavor tagging 19. If we employ
t:.~=t:.1) =0.03. then the smallest detector cell is 1.0Scm
square at 1)=2.0 (e=ISo) and the largest one is 3.75cm
square at 900.

A basic element of calorimeter tower is shown in
Fig.4. In each calorimeter element. 16 si Iicon pad
detectors are sandwiched by ceramic plates with readout
electrodes. These pad detectors with 500jlm delepetion
depth are probably not so hard in mass production based
on the present manufacturing technology of large area
photodiodes20. The proposed size of detector elements
(lcm to 3.7Scm square) does not require large diameter
si Iicon crystals and therefore high resistivity si licon
wafers are available in Quantity. Moreover the production
yield can be kept high by limiting the area of detector
elements.

We stack 50 layers of 0.5Xo uranium plates and

ceramic silicon detector packages to form an
electromagnetic shower tower. We believe that 25Xo is

enough21 . Its length in depth is l5cm (1.6mm uranium
+ 1.6mm detector. 50times) + Scm for local readout
amplifiers + 5 cm for supprot and cabling. namely 26cm in
total. As shown in the figure. 10-15 pad detectors are
hardwire connected longitudinally and readout is divided
into 4 sect ions in depth to get good eIre separat ion. As a
possible opt ion. a few additional si I icon detectors with
~ 1mm strip width located at shallow depth (say 5Xo) will

provide an accurate position detection of electromagnetic
showers21 • This wi II improve el"6 as well as eire
separat ions.

Table 2 Parameters of Electromagoetic Shower
Calorimeter
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Fig.4

Pad detector array
for calorimeters.

AMPLIFIERS AND

MULTI PlEXIERS

Rapidity range
Distance from I.P.
Radiation material
Total weight
t:.~ = t:.1) =
Tower (pad) size
Depletion depth of detector
Active part/total area
Samp Iing frequency

Total depth

No. of longitudinal segments
No. of calorimeter towers
No. of s i I icon pad detectors
No. of readout channels
Detector capacitance
Electronic noise level
Deposit by muons
Deposit by el'O
Energy resolution

-2.0 to 2.0
100(900)-164cm(370)
uranium
37 tons
0.03
1x 1 to 3.8x 3.8cm2

500J.lm
90-97%
0.5Xo
25Xo and t6cm

4
27588
1379K
t 10K
250-S000pF/r .0. ch
1.5-30 fC/tower
320 fC/tower
2 pC/GeV
12 %/ ';"""'E[""""Ge-V~]

Fig.S Schematic view of electromagnetic
calorimeter module.

Problems of readout electronics come from detector
capacitance. namely electronic noise and readout time
constant. The detector capacitance adds up to 250 to
SOOOpF per readout channel since 10 to 15 silicon pad
detectors are connected together. The electronic noise is
estimated to be as high as 15 fC due to such large
detector capacitances22. On the other hand, a simple
Monte Carlo indicates ~20 pC of charge expected from 10
GeV electromagnetic showers7• Penetrating muons deposit
50 to 100 fC per readout channel. Thus the SiN rat io is
not bad. The more important problem is that it prObably
takes a few hundred nsec to collect full charge from the
detector, though this situation is same as in the case of
liquid Argon detectors.
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Hadron Calorimeter other Detector Components

Table 3 Parameters of Fine Hadron Shower Calorimeter

As for the hadron catcher part locating outside the
solenoid, we simply copy the iron-gas calorimetry of the
SCD or Model-A design23 . Assuming 6.0 Ao in thickness,

we end up with 2100 tons of irons, substantially lighter
than 10670 tons for the SCD.

Hadron calorimeter is divided into two parts, a fine
sampling part up to 5Ao located inside the solenoid

magnet and a hadron catcher outside as shown in Fig.t.
This configuration, Le. fine hadron calorimeter inside the
magnet, is chosen to maintain the good e/?J/rr. separation
as well as the good energy resolution. Since the present
calorimeter is rather compact, this is possible with a
solenoid of reasonable diameter (4m).

For the fine calorimeter part, we use the same
uranium-silicon sampling detectors with 500j-lm depletion
depth for the inner part to k.eep the cont inu ity from the
electromagnetic calorimeters. We assume 40 samplings
and three longitudinal segmentation. The transverse
segmentation is assumed to be same as for the
electromagnet ic calorimeters Le. bo,=bo11=0.03. A simple
estimate of electronic noises indicates that one is able to
see penetrating muons with SIN of 5 tol0.

Sioce there exists neither beam test nor Monte Carlo
estimate, we are not able to guess the energy resolution.
But it should be similar to the resolution of liqUid Argon
detectors.

The Superconducting Magnet locates in between two
types of hadron calorimeters. It is a solenoid of 4.600 in
diameter and 4.3m in length. We need 2 Tesla magnetic
field inside. According to the excellent summary of
superconducting solenoids 1, using present technology, its
construction is certainly possible with only 1.2 Xo in
th ick.ness.

The muon and forward detectors are not considered in
this paper. We simply scale down the SCO(Model-A)
design. Total weight for the muon toroid, for example, is
reduced to 14000 tons from 36500 tons.

315.9

10.0
1.2

15.0
17.0
7.4
6.0

13.5
6.0
2.0

15.0
25.0
14.0
5.0

43.0

227.7

Table 4. Cost Estimate ( unit = M$ )
SSB Model A

1.0
10.8

1.2
8.4

39.2
37.3
8.2

37.3
10.5
5.0

30.0
58.3
19.7
5.0

43.0

TOTAL

Vertex Detector
Central TraCking Detector
Forward Tracking
Electromagnetic calorimeter
Precision Hadron calorimeter
Hadron Catcher
Muon Detector
Muon Magnet & Absorber
Magnet
Cryogenic System
Electronics for Tracking

for Calorimetry
for Muon Detectors

On-I ine System
EDIA

Cost Estimate

In the present design, basic detector elements are
silicon microstrip detector 15304 pieces
si I. icon pad detector 2483000 pieces.

We have no concrete ideas of the production cost of these
elements. But suppose microstrip detectors cost $500 and
pad elements $10 (we expect a fantastic cost reduction
because of mass prOduction), they add up to about $32.5M
for basic detector elements.

As for electronics. we assume $l/ch. for silicon
microstrip readout by using VLSI technology. On the other
hand, for calorimetry we employ $120/ch. including
triggering, the same number as was used in the DCEp23.

In Table 4, we list up our rough cost estimate based
of the same format as DCEP.

-2.0 to 2.0
uranium
450 metr ic tons
0.03
1.8x 1.8 to 6x6 cm2

500j-lm
4.2Xo' 1.35cm uranium

4.4Aoand 60cm

3
27588
1104K
83K
500-1 1500 pF/r .0. ch
2.6-58 fC/tower
260 fC/tower
250 fC/GeV
50 %/ /E[GeV] (?)

Rapidity range
Absorption material
Total weight
6, =61) =
Tower (pad) size
Depletion depth
Sampling frequency

Total depth

No. of longitudinal segments
No. of calorimeter towers
No. of si Iicon pad detectors
No. of readout channels
Detector capac itance
Electronic noise level
Deposit by muons
Deposit by hadrons
Energy resolution

Considerable reduction of cost turnd out to come from the
reduction in size. Also note that the Model A covers
rapidity range of -6 to 6, but -2 to 2 for the present SSB.
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Conclusions

A primitive description of the proposed SSB detector
is presented. The momentum and energy resolut ion is more
or less satisfactory for general purpose detectors for the
SSC. Three most salient features expected in this
detectors in comparison with other designs are

1. no pi Ie-up or occupancy problems in central
tracking detector,

2. no cryogenic is required for shower calorimeters,
3. compact.

Following R&D studies are badly needed

1. Pattern recognition capabi Iity using Monte Cairo,
2. PISO readout electronics for microstrip

detectors.
3. radiation hardened silicon microstrip detectors

with double-sided readout electrodes,
4. large scale si Iicon sampl ing calorimeters and

associated electronics.

before presenting the SSB design as an honest and
real istic proposal.
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