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2. Requirements to the detector

The primary goal of this experiment is to explore the mechanism of the
spontaneously symmetry breakdown as well as new physics beyond the
standard model by studying high Py phenomena in the TeV energy region.
Major physics processes under consideration are

1. Heavy Higgs hunting,

2. WW scattering in Myw >1TeV,

2. New gauge boson search,

3. Ooavommg.nmmu scale study,

4. SUSY particle search,

5. QCD study,

6. New quark and lepton search.
woacmgagﬁ to detectors for physics processes have been studied in various
past workshops. Although there is no final consensus in detector
requirements, followings represent “average and minimum" requirements

from these studies [1,3];

EM energy resolution 0.15WE +0.01
hadronic energy resolution 0.50E +0.02
transverse segmentation 0.03~0.05innand ¢
fine calorimetry coverage Iyl <3

coverage for missing Et lyl <6

tracking resolution 0.5 Pt(TeV)

electron (isolated) identification > 20 GeV/c

e/n separation 103

muon momentum resolution < 0.5 Pt (TeV).
In nu&ao.:. there are number of requirements on detectors to be fulfilled to
accommodate the high rate/high radiation-level environment at the SSC[4].
Among others, detector elements must survive for at least 10 years o.m operation
and thus be highly radiation resistant and stable.

—4-
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It is worth to list the reasons why the presence of magnetic field in the
inner tracking region is recommended[5] :

1. Electron charge

2. Improved and redundant muon momentum resolution

3. Redundant energy measurement

4. Credibility and flexibility for new physics and unusual topology

5. Secondary vertices

6. t identification

1. ~=<s1»=... mass

8. Pt of tracks and jet fragmentation

9, Electron identification (E/p)

10. Correction for cracks and dead channels

11. Calorimeter calibration

12. High P, triggering and on-line filtering.

The list is in approximate order of priorities. We believe that the magnetic field

with proper tracking devices greatly help in exploring new physics as well as
understanding the signals and backgrounds more quantitatively.

3. Design Considerations

3.1 Coil locati

The present design is based on the Large Solenoid Detector proposed at the
Berkeley workshop in 1987(6), except for one important point, the location of the
superconducting solenoid. The large solencid might be too large to be a realistic
component of the detector. ﬂ—ocn.r the large solenoid can be built with an
extrapolation of the existing technology, its design and construction as well as
S.E—uvonnwam: and installation are non-trivial. For example, the quench
protection for the stored energy of 1.6 GJ is one of non-trivial issues. It will take
more than mmo years for construction[7]. Its diameter of 9.5m and the length of
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extends its coil to the iron flux return, while the type-S is a so-call air-core (iron

free) magnet. We can point out advantages and disadvantages of each of

magnet type qualitatively;

type L type S
B in tracking region uniform non-uniform
B in barrel region field free stray field present
B in ?2.3& region full field weaker field
calorimeter hermeticity worse better
force on moni.n..m yokes large very small
axial force on coil small large
decentering forces on coil large small

However, it is not easy to make a quantitative comparison vmnioob two
configurations, It requires substantial simulation studies. We believe that both
types of magnets can be built. Some technical details on the type S solenoid are
described later. We take the hermeticity requirement for calorimetry more
important than the non-uniform field in the inner tracking region. Non-
uniform field may degrade the tracking quality somewhat but not seriously
enough. Besides, the field quality could be improved by introducing graded
winding of coil as has been done in ZEUS[11).

3.3 Need for muon toroids

In the 87 Berkeley LSD design, the momentum of a muon in the central 3%5

is measured with the use of magnetic field in the return yoke. In the present

configuration, an additional iron toroid system outside the barrel calorimeter is

introduced. In the Py 25.«. below several hundred GeV/e, a _E.o&-mo:
measurement of muon momentum is done using inner tracking system, while

. the iron toroid system is useful for muon identification, high P; triggering and

redundant momentum measurement. In the central rapidity region, the

A

momentum of a muon is measured twice, inside and outside. This will
minimize the contamination from Emm.ao::aoa.mo:-. x/K decays and punch-
thorough hadrons. The muon toroid takes over for better momentum
measurement above 1 TeV/c. The forward angle regions are covered by a
forward muon toroid system with o.uocmv iron thickness for higher muon

momenta.

3.4_Choice of calorimeter technol
There seem to be .a:.oo major points to be considered.

Point 1: For any of large detector systems, a rather conservative approach must
be taken in the choice of technology, since the system engineering will be one of
important aspects and basic .—onoo:.:. elements must therefore be well
understood[12). .

Point 2: The number of technologies utilized in the detector should be
minimized in order to simplify both the operation and the data analysis. In
fact, it becomes rather clear from suffering experiences in CDF that a single
calorimetry technology should be used for EM and hadronic parts as well as for
central and endcap regions.

Point 3: In the forward region, the radiation level is quite high exceeding
1Mrads per year{4). Since survival of the detector is of prime importance for
long stable operation of the experiment, the highest priority must be given to
radiation resistivity of the calorimeter.

Point 1 suggests us that either LAr or scintillation calorimeter would be
the choice at the present time. Point 2 tells us not to combine thess two
technologies. Point 3 tells us that LAr is the present choice of technology. In
addition, we can list up advantages of LAr : no need of tower-by-tower
calibration, stable operation, compatibility with magnetic field, large dynamic
range and good linearity, fine granularity and longitudinal segmentation,

homogeneous response, etc. It has been repeatedly pointed out that LAr may

-9
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1. Silicon microstrip tracker 2. Straw wire tracker

3. Superconducting air-core solenocid 4. EM liquid argon calorimeter
5. Hadron liquid argon calorimeter 6. Muon tracker

7. Barrel iron toroid 8. Endcap iron toroid

Fig.4 Layout of the ACS detector along the beam.
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CASE 2: Split muon detectors into left and right along the beam line
(JADE, UA1, ZEUS, H1).
CASE 3: Gain access by opening the endcap (L3, DELPHI, ALEPH,
VENUS, TOPAZ, AMY).

Our major concern is that the scales of the detector (~30 ktons, 15-20m high) are
substantially larger than any of existing detectors. Moving heavy and tall
objects thus becomes one of major issues. It would be better if we could
minimize the weight and physical size of each movable part for easy access.
The muon toroid weighs far most in the system. As a consequence, it is not
wise to employ cases 1 or 2, in which the muon toroid must be movable. We
propose to fix the heaviest muon part in the experimental hall (like L3), and
make only the front and back endcap part movable. A natural consequence of
this selection is that the barrel muon toroid extends to the both end of the
detector as shown in Fig.4. Table 1 lists up the approximate size and weight as
well as movability of detector parts. It should be noted that, with the present
selection of Noelaaqw. the maximum size/weight of the movable components
are now reduced to 9m/3400tons from 16m/8000tons for the cases 1 and 2. They
are considered to be manageable with small extrapolation from existing
detectors. Fig.5 shows an example of the rail system for a movable part. A
sliding mechanism is provided by a plastic plate called “oilless fiber freon”, It
has a good mechanical strength as well as a low friction coefficient{65). Use of
tirtanks is less attractive because of limitted space availability for the present
mass scale, Assembly is another main aspect to be seriously considered from
the beginning of the design. In the proposed scheme, assembly of barrel muon
toroids and installation of muon chambers are done in parallel with assembly
of calorimeters and forward muon toroids. As illustrated in Fig.6 for an
example of experimental and assembly halls, these major components which

weigh more than 500tons should be assembled underground close to the final

P 5 P
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detector location. After assembly, these major components are transported

using rails into the detector as sketched in Fig.7.

5. Superconducting Solenoid

5.1 Coil thick
Based on the construction experiences of »ro thin superconducting solenoids
for CDF{13], TOPAZ{14] and VENUS[15] and more recently for Astromagnet{16)
and ZEUS(11], i.a estimate how thin a superconducting coil can be made using
existing technology. Table 2 lists the existing solenoids in terms of central field
and radiation thickness, indicating that a 2T solenoid with radiation thickness
of less that 1Xg is within the reach of present technology.

We introduce a new design concept for thin solenoids that helps in
minimizing the coil thickness. If one is able to maximize the ratio

E(stored energy)

R = M{active cold mass)

then the coil thickness could be minimized. When a quench occurs associated
with a failure of the energy extraction to an external energy dump, i.e. if the
worst case happens, all the stored energy must be dumped in the cold-mass of
the magnet. As _a consequence, the temperature of the coil rises. If the
temperature rise in the coil exceeds 100K, the solenoid might suffer severe
thermal stress. This should be avoided for safety reason. Now suppose a
uniform energy dump is realized over the entire cold mass of the Bbulao ina
short enough time, we get
R g =HTy- H(To)

where H is the coil enthalpy, H = hc..&.__. By setting T1=80K and To=4K, we

obtain

16—

R = H(80K) - H4K) = 10 kJ/kg

The ratios R for existing magnets are also shown in Table 2, in which one
notices that the R values of most of detector solenoids are at around § kJ/kg.
This indicates a room for improvement, i.e. an increase of R to 7 to 10 kd/kg, if
one can introduce a mechanism of avoiding localized energy dump at a time of
quench in conjunction with a failure of the energy extraction. We propose an

introduction of thin pure-aluminum axial strips as stated below.

§.2_Desien of ducti lencid [171
The present design is for the coil radius of 1.8m with the central magnetic field
of 2T. Two-phase indirect Helium cooling is chosen based on the experiences of
thin solenoids for CDF, VENUS and TOPAZ. However the thermo-siphon
technique is another viable option{18]. We aim the operating current of 10,000
amperes to keep the total inductance Jow. The residual resistivity ratio (RRR) of
the aluminum stabilizer of the coil is kept below 1000 to maintain the structural
strength. According to the concept introduced above, we raise the ratio R of
stored energy to cold mass by a factor of 1.5~2 to minimize the thickness of the
magnet. Table 3 summarizes the main parameters of the present design.

In our recent R&D work, we have noticed an enhancement of the axial
quench propagation due to the use of thin axial liners of E:d. aluminum{19).
This enhancement of the quench velocity in the axial direction enables the
stored energy to be more uniformly dumped in the coil and therefore
suppresses the maximum temperature rise in the coil.

A recent R&D work also made it possible to use a honeycomb structure of

* aluminum alloy. for the outer vacuum wall of cryostat[16]). This will help in

reducing the effective thickness of the magnet.
Fig.8 illustrates the cross section of the solenoid including the proposed

end structure. It is necessary to occupy a radial space of 29 cm in order to take

-17-
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into’account the coil shrink when it is cooled. Table 4 gives details of the coil
thickness in terms of radiation and interaction length{20]. The design employs
a conventional supporting technique using axial rods in one end and radial
rods in both end. There must be a transition from the Al-honeycomb to a
cylinder near the cryostat ends. As shown in Fig.8, the alaminum end cylinder
and/or endcap plates will be scraped off (isogrid structure) to minimize the
material thickness while keeping the structural strength adequate. We have
obtained the ,Bannna density of pay = 0.35 pay, for the endpart of the magnet by
summing up the weight of the components. This number is very close to the
average density of 0.33 paLin the central part of the solenoid.

5.3 _Maenetic field profile

Fig.9 show the results of the POISSON for magnetic field. Return yokes are
muon toroids in the present case as shown in the figure. The field profile
obtained is not so different from that of air-core solenoid since the -.3.5.: yokes
are far away. Fig.10 depicts the contour of equal strength of the magnetic field.
The effect of non-uniform magnetic field will be discussed in the tracking
monao:..

It is worth pointing that the field strength in the calorimeter region is
rather low. In most of the barrel calorimeter region, we observe Ba0.02 to 0.3T,
while in the endcap calorimeter area, we get 0.25 to 0.85T. If pulse
transformers for liquid ionization calorimeters can be shielded properly up to
the filed of 0.5T, there is a hope that one can use ferrite transformers for most
part of the calorimeters{21).

5.4 Forces on the coil
'Using the program Poisson, we -.53 obtained forces on the coil for the case of
B=2T as summarized in Table 5. These values are very close to those of hand

calculations for an air-core solenoid. It is noted that the force on return yokes

-20~

Fig.9 Magnetic field lines of the air-core solenoid.
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Fig.10 Lines of constant strength of the magnetic field.
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Fig.ll Results of quench simulation for the case (a) with external energy

extraction and (b) without it.
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Fig.12 Dependence of the maximum and minimum temperature rises as a
function of the thermal conductivity ratio in z to ¢ directions. This is for

the worst case corresponding to a failure of the energy extraction.
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Fig.13 Relative detection efficiency of H-ZZ-spppp as a function of rapidity
range covered by the central tracker associated with muon toroid

Table 7. Relative detection efficiency of H(500GeV/c2)»ZZ—ptp-ptp~
main cuts : Py > 20GeV/e, lyyl< 3, IM - Mzl< 6 GeV/c2

case %.\Hm efficiency
1 | perfect resolution 0.00 1.00
2 | ideal L3 type 0.02 1.00
8 | electron resolution 0.16NE 1,00
4 | high resolution tracker 0.3Pt 0.99
§ | ideal EMPACT type 0.04 0.97
6 | hybrid tracker 0.14P + 0.01 0.88
7 1 straw tube tracker 0.54Pt 0.82
8 | L type 0.02(lyl<1)and
0.02+(1y1-1)*0.06 (1yi>1) 0.80
9 | thick iron toroid 0.140.1PT 0.35
10 | thin iron muon toroid 0.2 0.11
-25-
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filter (2.5m thick iron is assumed in the barrel region and 3.5m thick iron in
endcap). Table 8 summarizes the overall hit-rate integrated over Iyl to 1.5 or
3.0, while Figs.14a and 14b show integrated rates at the exit of calorimeter and

muon filter. It is obvious from these table and figures that low energy muons’

mainly from x/K decays dominate the rate. Figs.16 summarize integrated rates
for four cases. Muon trigger is one of essential triggers and the 1st level muon
trigger rate must be suppressed to the level below 1 kHz to be realistic. Thus
these results indicate a necessity of thick absorber in addition to calorimeter
(~10 Ag) and a necessity of rejection of muons with pt < 20 (or p< 40 ) GeV/c in
the level 1 trigger. Thesé requirements can be well realized simultaneously by

introducing thick muon toroid system in conjunction with triggering devices.

6.3 Design of toroid svateml2T]
As shown in Fig.16, the octagonally shaped structure of barrel muon toroids is
mechanically more stable and easier in its construction. The total thickness is
chosen to achieve close to 10% momentum resolution in the momentum range
up to several hundred GeV/c[28). Two middle gaps are introduced for better
muon identification, better linkage of track segments and better momentum
resolution as shown later. Frequent sampling along a muon trajectory is
needed for a TeV muon because of rather E.nr v:.rnvE.nw. of associated showers
[29). Fig.17 illustrates how each layer of the barrel octagonal toroid can be
constructed from the floor with thick iron plates. Each layer of iron is made of 3
layers of iron block of approximately 5mx3.5mx0.28m ?..um tons). Three layers
of octagonal structures are held in place by spacers placed every 3m or o along
the axis and at each apex of the octagon as illustrated in Fig.18. Spacers are
arranged such that there are no completely dead regions when looked from the
interaction point. The endcap toroid consists of 4 layers of octagonal iron plates
" as is sketched in Fig.19. Muon chambers are placed in front, in between and at
the back of these plates. .

Table 8. Overall muon rates

y range Exitat | Prompt(Hz) 'Decay(Hz) Punch(Hz) | Total(Hz)
Iyl<3 CAL 1.3x105 1.1x 107 5.3 x 108 1.2x107
lyl<3 ufilter | 11x105 5.3x 105 3x10? 6.4 %105
lyl<15 CAL 1.5x 104 2.8x 105 4x108 3% 105
lyl<15 u filter | 2.6x103 9x103 5 x 101 1.2x 104
MUON
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Fig.16 Layout cross section normal to the beam.
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Magnetic field in the iron plates is calculated using programs JMAG2D
and JMAG3D. It might be better to keep the toroidal field as uniform as possible
for efficient on-line triggers and for smaller corrections. In order to obtain
. uniform magnetic field, the current and coil location are adjusted as shown in
Fig.20 for the barrel toroids. For the endcap toroids, the field uniformity can be
improved by introducing a wedge shaped nonmagnetic material such as
SUS304 as arotu in Fig.21. Copper hollow conductors are used for coils. Table
9 summarizes the parameters of muon toroids in the case of field strength of
-18T(z1.

£.4 Muon momentum resolution [301

Fig.22 shows the momentum resolution Gx/K, where K=1/py,, n.o 90° obtained by
a Monte Carlo and a track fit program. Effects of multiple scattering in the
toroids and in the calorimeter are included. Six chamber planes in'front, three
in each gap, and 6 at the back of the toroid are supposed to exist. A modest
chamber resolution of 300pm is assumed by taking the large spans to be
covered by these chambers into account. At low energies, the resolution is
:5#.& to ~12% by multiple scattering. Hrqno different cases shown in the
figure indicate a big resolution improvement by muon chambers in the middle
gap as well as by vertex connection at high energies. Rapidity dependence is
shown in Fig. 23 for 1 and 2 TeV/c muons, The resolution in the forward region
is much better than that at 90° due to effectively thicker toroids. Above a few
rE&.&m GeV, the radiative processes (brems, pair production and photo-
nuclear interactions) dominates the muon energy loss. GEANT was used to
evaluate the effect as shown in Fig.24. The fitted momentum distributions are
skewed and shifted due to the radiative processes. More studies are clearly

needed.
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Fig.20 Cross section of barrel muon toroid. The location of coil is adjusted to

achieve better field uniformity.
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Fig.21 Design of endcap toroid. A tapered non-magnetic insert is placed at

each edge to increase field uniformity.
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Table 10a Barrel Muon System

layer # chamber r wire length  Ntube xlayer x Ldiv x oct

1- 4 0 457.5 cm 380cm 800 x4 x1x8=25600 tubes

‘58 ¢ 4750 ‘800 125 x4 % 3 x 8 = 12000
9-12 0 4925 405 800 x 4 x 1 x 8 = 25600

toroid #1 500585

13-16 0 5925 490 800 x4 x 1 x 8 = 25600

toroid #2 600685

17-20 0 6925 570 800 x4 x 1 x 8 = 25600

toroid #3 700~785

21-24 0 7925 655 800 x4 x1x8=25600

25-28 ¢ 835.0 800 220 x4 x 3 x 8=21120

29-32 0 8775 725 800 x4 x 1 x 8 = 25600

total 186720 tubes
Table 10b Endcap Muon System

layer # chamber z wire -obmz_ Ntube x Nlayer x Nblock
1- 6 r 708.0 cm 60~400 cm 200 x 6 x 8 = 9600 tubes
7-10 x 720.0 cm 200~480 cm 240 x 4 x4 = 3840 tubes

11-14 y 728.0 cm 200~480 cm 240 x 4 % 4 = 3840 tubes -

1520 r 736.0cm 60~400 cm 200 x 6 x 8 = 9600 tubes

toroid #1 750~835 cm

2126 r 8425 cm 60~400 cm 200 x 6 x 8 = 9600 tubes

toroid #2 850~935 cm

27132 r 942.5 cm 60~400 cm 200 x 6 x 8 = 9600 tubes

toroid #3 950~1035 cm

3338 r 1042.5 cm 60~400 cm 200 x 6 x 8 = 9600 tubes

toroid #4 1050~1135 cm )

3944 r 1150.0 cm 60-~400 cm 200 x 6 x 8 = 9600 tubes

4548 x 11960cm  200~480 em 240 x 4 x 4 = 3840 tubes

49-52 y 12040 cm 200~480 ecm 240 x4 x 4 = 3840 tubes

5358 r 1250.0 cm 60~400 cm 200 x 6 x 8 = 9600 tubes

total number of tubes / endcap 82560 tubes
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Fig.26 Number of particles seen at the exit of 3m iron plates for penetrating
muons of 1 TeV/c with (a) no soft absorber, (b) 0.5 ecm thick Aluminum
plate and (¢) 1.0 cm thick.
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(

7 Table 11-a. Parameters of Barrel LAr calorimeter

name rat 90° (cm) Nlayerx(Ar+Pb) in mm # of channels

vacuum vessel wall 200~202
argon vessel wall 207~211

preamp & cabling 211213

N¢xNnxL/RxInterleaved

EM layer#1 213-218 12{2+3) 128x27x2x1= 6912ch
EM layer # 2 218~223 1242+3) 256 % 54 x 2 x 1= 27648 ch
EM layer #3 223~236 20x(2+3) 128x27x2x1= 6912¢ch
Hadron layer #1 236~276 50>(2486) 128 %24 x 2 x 2 = 12288 ch
Hadron layer #2 276~316 50(2+6) 128 %22 x2x2=11264 ch
support & cabling 316~330

Hadron layer #3 330~-370 50x(2+6) 128x19x2x2= 9728ch
Hadron layer #4 370~410 50x(2+6) 128x17x2x2= 8704 ch
support & cabling 410-426

argon vessel 426~433 total 83456 ch
vacuum vessel 443450

Table 11-b, Parameters of Endcap LAr calorimeter

name z (cm) Nlayerx(Ar+Pb) in mm # of channels
vacuum vessel wall 400~-408
argon vessel wall 410-413 Neell X Interleaved
preamp & cabling 413-415
EM layer#1 421-426 12x(2+3) 2160 x 1= 2160 ch
EM layer # 2 426~431 12x(2+3) 8640 x 1= 8640 ch
EM layer # 3 431~444 20x(2+3) 2160 x 1= 2160ch
Hadron layer #1 444495 62x(2+6) 2960 x 2 = 5920 ch
Hadron layer #2 495~545 62x(2+6) 2736 x2=5472 ch
support & cabling 545~560
Hadron layer #3 560~610 62(2+6) 2528x2= 5056 ch
Hadron layer #4 610~660 62x(2+6) 2160x2= 4320 ch
support & cabling 660~675
argon vessel 675~685
vacuum vessel 690~700
Hadron layer #0 421444 28x(2+6) 1040 x 2= 2080 ch

total 35808 ch/endcap
~40-
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Fig.27 Layout of the Liquid Argon calorimeter
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Fig.28 Energy distribution of the Bhabha events at 30 GeV observed by the
VENUS LAr endcap calorimeter.
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Table 12, Typical detector capacitances.

tower names n=0 n=10
Barre} EM# 0.77 nF 119 nF

EM #2 0.20 nF 031 nF

EM#3 22nF 34 nF

Had #1,#2 8.6 nF 13.2nF

Had #3,44 14.3 nF 22.1 nF
Endcap EM #3 223 nF

Had #1,2 248 nF

Had #3,4 344 nF

Table 13. Results of pile-up effects in pulse simulation of LAr.

to t4 m n E At Gt AE Op
nsec nsec GeV nsec nsec GeV  GeV
&0 400 3 1 10 0.70 325 0.82 081
50 400 3 2 184 0.61 002 042
50 400 3 3 10 0.26 0.64 008 046
100 400 3 1 10 -1.13 3.17. 1.08 0.70
100 400 3 2 0.79 189 015 0.60
100 400 3 3 10 0.0 191 0.06 0.70
50 200 3 3 10 0.14 140 005 090
50 400 3 3 10 025 064 008 046
50 400 3 3 10 0.25 0.64 008 046
50 400 3 3 100 0.19 0.12 082 047
where tp= peaking time, ta = charge carrier drift time,

m=# of integration(RC),

n = # of differentiation(CR),
Ep = input energy into calorimeter,
At and Gy = reconstructed timeing (deviation and rms).

AE and O = reconstructed energy (deviation and rms),

—-gh -
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Fig.33 Two-dimensional plot of the total observed energy vs ocbserved EM/TOT
for 50 GeV jets in the case of Ry = 1.4 before (a) and after (b) the

corrections.
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Fig.34 Deviation in linearity of the response of a calorimeter for (a) u-jets and
(b) b-jets, where non-linearities are corrected by the response of u-jet.
The u-jet curve should show exactly 1.0 but we stopped calculation
‘before the correction function used becomes ideal. But the essence of

this correction is clear.
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linear relation up to 1.0. By knowing this trend, one can make a energy
correction by using observed quantities only, as shown in Fig.33b. With this
correction applied, we are not suffered any more from degradation in jet energy
resolution even at 50GeV as shown in Fig.32¢c. The energy non-linearity,
however, cannot be corrected in the same manner, unless one knows the
energy dependence of the e/h ratio of the calorimeter in use. With known e/h
behavior, one can obtain the correction factor to energy non-lineality using
simulated jets. In order to check the validity of this procedure, we applied the
non-linearity ncn...aane.. function obtained by simulated u-quark jets to b-quark
jets. The difference, as shown in Fig.34, was less than 1% for whole energy
region. This kind of correction to non-linearity can be checked by using, for
example, the method of direct ¥ E¢ balancing developed by CDF{45).

In summary, as far as jet energy measurement is concerned, there seems
no reasons to require the e/h ratio close to 1.0. There are number of ways to
perform resolution and linearity corrections to the level sufficient enough for
high p¢ physics we are aiming. This is one of the reasons why we think use of

lead as the calorimeter absorber is adequate.

It is proposed to place the preamplifiers directly at detector electrodes to
improve charge collection speed(33). The preamplifiers must be submerged in
the liquid as in Helios. Charge amplifiers with JFET has been developed for
this purpose. Preamplifiers must be radiation resistant in this configuration.
We are investigating a possibility of using one of GaAs FET's called HEMT
(high electron mobility transistor) developed by Fujitsu. Among many
attractive features, the device works better at cryogenic environment and there
is an evidence of radiation resistance up to 100Mrads(y). Fig.35 illustrates a
readout scheme under consideration. HEMT preamplifiers of Gilbert type are

located in the liquid, while differential charge amplifiers are placed outside the

- 49 -
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Fig.36 Charged particle hit rates in 5mm straws covering 4 different rapidity
ranges. The solenoidal field of 2 Tesla is assumed.

Table 14. Hit rate of straw(5 mm in diameter) tubes ,

Rapidity Coverage Inl<l Inl<ls Inl<?2
radius cm 50 100 150 50 100 - 150 50 100 150
lengthof straw  cem | 117 235 353 | 213 423 639§ 363 725 1088
hitrate(B=0T) MHz | 23 12 10| 32 20 15} 45 24 21
hitrate(B=1T) MHz | 27 21. 13| 41 31 17| 65 47 24
hitrate(B=2T) MHz | 40 19 10 ] 62 31 15} 92 46 20
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Fig.37 Simulated pulse shapes of straw chambers for four different crossing

points (0,1,2,3mm from the sense wire). The shaping time is 15ns{50].

Table 15. Central tracking system with straw tubes, oid and new.

items Berkeley 87 present design limit (?)
No. of superlayers 16 4
No. of Z segment 1 3
layers / superlayer 8 8
No. of straws 1.22x105 115x105
Inner radius 40 ~152cm 105 ~ 165 em
rapidity coverage 1.23 14
straw diameter 39~68mm 64 ~ 7.3 mm
straw length 17~48m 16~22m
gas gain 2x104 108
current/wire 0.6 pA 0.35 pA <1lpA
collected charge 012 C/e/5 yrs  0.09 C/em/S yrs < 1C/cm
hit rate (B=2T) 3 MH: 1 MH: <1MHz
" detector capacitance 50 pF 20 pF
ENC ~3900 e ~1800 e
time jitter ~4ns ~04ns <lins
time walk ~12ns ~1ns <lns
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200 \: =0.65 Table 16. Parameters of the straw tube tracking system
n=15
\\ SUPERCONDUCTING CoIL \ Superlayer # radius length diameter rapidity N(straw) readout ch
=/ STRAW-TUBE CHAMBER __ rmTm 1 Cl  110cm 160cm 7.0 mm -0.65-+0.65 8256 16512
e
=z \t\ c2 125 180 70 0.65-40.65 9328 18656
I —=3 C3 140 200 125 -0.65~+0.65 969 19392
100} 7 = C4 155 20 123 0.65~+0.65 10768 21536
m__._no_ﬁm;:u DETECTOR LR1 105 180 64 #0.65~1.5) 8256x2 33024
| UH—n=2.5 LR2 120 200 64 #0.65~1.5) 9328x2 371312
LUl UL LR3 135 220 7.0 #0.65-15) 9696x2 38784
<i c<£ =<i c<2 LR4 150 210 7.0 #0.65~1.4) 10768x2 43072
0 \ , , , Total number of straws = 114144
0 100 200 300 400 (cm) : Total number of readout channels = 228228
Fig.38 Hybrid syste i i
€ ybrid system of the inner tracking detectors. _ Table 17. Parameters of straw-tube tracking system
superlayer 2z radial straw  straw rapidity No.of No. of
number position position length diameter range straws readout
U2,u3,u4 Ul 295m 50-125em 75~150cm 7 mm 164-245 5140 5140

Vi 3.00 60~125 75~150 7 1.64-245 5140 5140
w1 3.05 60~125 75~150 7 164~245 5140 5140

U2 3.25 650-160 105~210 7 150~250 6394 63
V2 3.30 50~160 105~210 7 150~2.50 639 63
w2 335 50~160 105-210 7 150~250 6394 6394

U3 355  60-160 105~210 7 1.50-2.55 6394 6334
v3 360 - 50-160 105~210 7 150-265 6394 6394
w3 3.65 50~160 105~210 7 150~255 6394 63H

U4 3.85 50~160 105~210 7 164~265 6334 6334
V4 3.90 50~160 105~210 K 1.64~265 6394 63H
' W4 3.95 50160 105-210 7 1.64~2.65 "6394  63H

Fig.39 A sketch of the forward straw tube system. Total #::EE. of readout channel (for each endcap) = - 12966
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Fig.40 shows the momentum resolution at 90°. Multiple scattering dominates
up to 50 GeV/c but we obtain excellent resolution of 15% at 1 TeV. This is more
than enough for Heavy H — 4 and adequate for new Z search up to 2 TeV.

What is the effect of non-uniform magnetic field due to the air-core
configuration of . the solenoid? The =wmnanmnv. of field is not essential for
tracking. This has been proved in several experiments. AMY has ~20%
variation of field strength in their drift chamber region, but by iteration, they
achieved good momentum resolution. Br and Bz are plotted in r-z plane in
Fig.41. As one goes to higher rapidity, the integral Bdl (B x dl) becomes smaller
as shown in Fig.42. Nmﬁm has a graded coil winding to achieve better field

uniformity by increasing ampere-turns at the coil end(11). This is for future

study.

88 TMC
Time memory cell (TMC) is a proposal of time measurement system for high
intensity collider experiments {60). TMC directly digitizes and memorize
timing of pulses without invoking analog circuits as is shown in Fig.43. This is
in contrast to the time to voltage conversion method{61]. The principle of TMC
was proven using 0.8um CMOS technology with time resolution of 0.8nsec[62).
A complete readout system for straw tube system is described in detail
elsewhere{63).

It is possible to develop a z coordinate readout by direct time measurement
at the both ends of a straw tube. Although electronics channel doubles, no
additional wires are needed. The z information thus obtained can be used for

the 1st/2nd triggers for track-calorimeter matching. Time accuracy of 0.5ns

-60-

Momentum Resolution
Straw Chamber + Silicon Detector
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Fig.40 Momentum resolution at 90° with the hybrid silicon/straw system.
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Number of charged paritcles
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