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FERMILAB pp COLLIDER

Alvin V. Tollestrup

This is a report on the status of the Fermilab Ep
collider program. The center of mass energy will be 2 TevV,
and preliminary running is being planned for mid 1985. In
order for this program to come to fruition, three components
must be successfully completed.

1. The Energy Saver
2. p Source, consisting of two rings
a. Debuncher
b. Accumulator
3. Detectors
a. CDF BO
b. DO (call for proposals early 1983)

The overall layout of the project is shown in Fig. 1.

I will now report on the status of each of the individual

pieces of the program.

Energy Saver

The Energy Saver is a new 1 TeV ring of superconducting
magnets. The sequence of operation is as follows:

1. The booster injects into the main ring as usual, and
the main ring accelerates protons to 150 GeV.

2. The protons are extracted from the main ring and
injected into the Tevatron.

3. The Tevatron accelerates them in 20 seconds to about
800 GeV. There is a 20 second flat-top and a return

ramp of duration of 20 seconds. Thus, the overall
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cycle time 1is one per minute. Either a long spill
on the flat-top or fast extraction is being planned.

The status of magnet production is as follows:

Magnet Number Needed Number Available 10/22/82
Dipoles 774 802 have been made
66 in. quads 180 245
Special quads 36

The present status of the installation is as follows:

Sector Status

A Three-fourths installed, power
tests completed last summer.

B BO colliding beam hall being
installed.

C Magnets in place.

D, E Final leak check.

F In cooldown.

A very successful power test was completed on Sector A
magnets last summer. These tests exercised all of the
normal machine control systems in order to cool down the
magnets, pulse them, and provide quench protection. The
test was extremely successful, and provided the first

experience with a large string of superconducting magnets.

Source

Fig. 2 shows a plan of the new source that is being
constructed at Fermilab. The Source consists of two
rings: A debuncher ring and an accumulator ring, both of
which operate at about 8 GeV. Beam is extracted from Fl1l7
and brought to bear on a target as soon as it is

sufficiently clear of the main ring tunnel. The p's
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produced at the target are collected by a lithium lens and a
transport system and injected into the debuncher ring. The
debuncher ring interchanges a large momentum spread of the
antiprotons and a short time spread for a long time spread
and a small momentum spread. In addition, transverse
cooling is being planned to reduce the transverse size of
the beam. After 2 seconds, the p's are extracted from the
debuncher and injected into the accumulator. The
accumulator utilizes stochastic stacking (3 la Van der Meer)
as well as transverse cooling during the stacking process.
The details of the steps are as follows:

1. One batch of 3 x 1012

protons is accelerated through
the booster and the main ring to 120 GeV. At this
point, there are 82 bunches of protons which are
separated by 20 nanoseconds each.

2. The individual bunch 1length of the protons is
shortened to a sigma of .16 nanoseconds by means of
RF manipulations.

3. Protons are extracted from the main ring and
focussed to a spot whose sigma is .038 cm at the
target.

4. The p's are collected by a means of a 1lithium 1lens
and transported to the debuncher. The emittance of
the beam is 20 mm mr in each plane and a Ap/p of 4
percent. The total number of p's collected per

pulse is 7 x 107, and the density of the Pp's is

about .2 per electron volt.
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5. The very tightly bunched P's next undergo a bunch
rotation in the debuncher. The initial condition
and the conditions 30 turns later are shown in
Figs. 3 and 4. The final momentum spread achieved
after complete rotation is shown in Fig. 5. The
momentum spread has been decreased from 4 percent to
.2 percent. As a result, there are now about 5 p's
per electron volt.

6. Transverse cooling is now applied in each dimension
in order to decrease the transverse emittance from
20 m mm mr to less than 77 . This takes about 2
seconds. The process is shown in Fig. 6.

7. The antiprotons are extracted in the debuncher and
injected into the accumulator. The accumulator uses
stochastic stacking in order to achieve a f density
105 per electron volt, see Fig. 7. There is also
transverse cooling during the stacking process.

8. Finally, the p's are extracted from the accumulator,
injected into the main ring, accelerated to 150 GevV,
transferred to the Tevatron where they are joined
with three bunches of protons, and accelerated to
full energy.

The design luminosity is 1030, and the Source can
supply enough p's to achieve this luminosity every two hours
after an initial filling time of four hours. The goals of
the Source design were to obtain a high luminosity, as well
as a high flux of antiprotons. 1In order to achieve this
high flux, it was necessary to go to a stochastic stacking

system operating at 1 to 2 GHz. Since the size of the
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electrodes as well as their spacing from the beam must all
be considerably less than a wavelength, it was necessary to
reduce the transverse emittance of the beam before injection
into the accumulator. After a considerable amount of study,
it became apparent that an additional ring, the debuncher
ring, was the most economical solution to achieve the
initial momentum compaction as well as reduction of
transverse emittance. The concept of two separate rings is
being copied in the proposal for the new Source at CERN.

An intensive R&D program is being carried out in order
to improve the components that are necessary for our Source.
For instance, in order to operate at the higher frequencies,
it 1is necessary to construct delay 1line filters from
superconducting delay lines. Low noise wide band amplifiers
are particularly advantageous for the transverse cooling in
the debuncher. Cryogenically cooled amplifiers are Dbeing
developed for this purpose. Wide band loop-couplers become
increasingly difficult to <construct as a frequency 1is
raised, and an intensive R&D program is underway on this
subject. We are also investigating the nonlinearities
inherent in travelling wave tubes since these cause unwanted
heating of the beam. The effect can be reduced by operating
the TWT's at a small fraction of their rated power.
However, this becomes an important economic consideration in
designing a high power cooling system since tubes are very
expensive. Finally, 1intensive R&D 1is underway on the

lithium lens which collects the p's from the target.
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A rough schedule for this project is as follows: The
Saver commissioning will start 1in the spring of 1983 and
continue until the fall, at which point there will be a
fixed target run for physics that will occupy from the fall
of 1983 and the spring of 1984. There will then be a short
shutdown to fix troubles that have developed during this
running period and to install new features as experience
will indicate. There will then be an eight month full
energy TeV II run for fixed target physics. In mid-1985,
there will be a one-month long TeV I Source and detector
run, after which the machine will be shut down to construct
DO and the overpass at BO which carries the main ring beam
around the detector. The first major physics run for Tev 1
will take place starting in the summer of 1986. At this
point, I estimate that the integrated luminosity at CERN

will be a few times 1036.

Detector

The collider program calls for two experimental halls.
One at BO, which is at the present under construction, and a
second at DO, which will be built later. A bypass to shunt
the main ring beam over the detector at BO is being planned.
At present, B0 is under construction and is even somewhat
ahead of schedule. All of the concrete work for the
assembly halls and the collision hall have been completed,
and the above ground building is under construction. We
have been fortunate in having a mild winter at Fermilab, and
the contractor has made optimum use of this opportunity.

Figs. 8 and 9 show the collision and the assembly hall. The
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length along the beam is greater than available at CERN due
to the higher collision energies that we anticipate.

Proposals for the DO collision area will be considered
in the spring of 1983. The design of the collision hall
will be dependent on the proposals that are accepted.
Hence, 1in the rest of this talk, I will concentrate on the
detector that is being constructed for the BO hall.

The Design Report was completed August 1981. The
members of the collaboration at that point are shown in
Fig. 10. Since the Design Report was completed, three new
institutions have joined the collaboration in June 1982.

The design goal was to construct a detector that would
do the physics of quarks, gluons, and leptons ovér the
largest possible part of the rapidity range. This required
high granularity with the electromagnetic and hadron
calorimetry which is all in the form of towers that project
back toward the collision point. The central
electromagnetic and hadron calorimetry is done by means of
scintillation plastic whereas the rest of the calorimetry is
by means of proportional tubes. Charged particle tracking

2° and 1789, and precision momentum

is provided between
measurement is provided in the central region by means of a
3 meter diameter x 5 meter long superconducting solenoid
operating at 1.5 Tesla. In addition, there are toroids in
the forward and backward direction for the measurement of
muon momentum. Fig. 11 shows the overall resolution of the

calorimetry. The squares are the individual cells, and the

dotted ellipses are the size of a typical QCD jet.
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The following Figs. 12-16 compare cross sections at
CERN and at Fermilab for several processes. 1In some cases,
I have drawn a line that crosses at a 1level -equal to a
luminosity of 1036. I've done this for two reasons: The
first is that it indicates approximately the 1level that I
believe CERN will have achieved by the time the collider at
Fermilab starts to operate, and second, with a luminosity of
1030, it is reasonable to expect an integrated luminosity of
1036 in any individual run. I believe we can expect this
kind of luminosity or even a factor of 10 higher within the
next few years.

Fig. 16 shows the total cross section for associated tt
production. For a t mass near 25 GeV, an integrated
luminosity of 1036 gives 6 x lO4 events. If a t quark
decays via flavor cascade, we can arrive at a situation that
approximates three jets, provided there are no semileptonic
decays in the chain. For instance, if a t goes into a wt
and b, the b will decay via its flavor cascade into an
approximation of a single jet since none of the particle
masses are very high. If a W decays into a u and d, we will
then have three jets. If the associated t decayed into a b
and a W , which in turn decayed leptonically, we would have
opposite the t a single jet event with a high energy lepton.
We consider the case where we can trigger on the high energy
lepton and try to reconstruct the t mass from its associated
three jets. This type of topology has been described in
detail in a CDF report, CDF-70. The efficiency of
reconstruction is not high. However, Monte Carlo studies

indicate that it should be possible to isolate such events.
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A mass reconstruction using the calorimetry information only
of the three jets is shown in Fig. 17. One hundred events
out of the original 6 x 104 have survived all of the cuts,
" the most serious of which is a pt cut of greater than 50 GeV
for the three jets.

We will now proceed to a description of the individual
components of the detector. An overall drawing of the
detector is shown in Fig. 18. In addition, Fig. 19 and
Table 1 indicates the properties of the detector in the
various angular regions.

The present status of the calorimetry is as
follows: All of the components have had prototypes
constructed and tested in beams. Fig. 20 shows a 15° wedge
from the central calorimetry. Fig. 21 shows its
segmentations in rapidity. The front part of the module
consists of a lead scintillator sandwich with a strip
chamber embedded at shower maximum for position information.
The next section consists of 1 inch steel plates with
scintillators embedded and read out by shifter bars. The
last section at the back houses the muon tracker.

The steel for the modules has been cut using a computer
controlled plasma cutter in a shop at Purdue. The great
number of different shapes of scintillator for the hadron
calorimeter have been cut with a computer control laser
facility at Frascati, and an assembly 1line to wrap the
scintillator and fabricate the light shifters has been set
up at Pisa (see Fig. 22a). The electromagnetic towers are
being fabricated at Argonne as well as the strip chambers

which are located at shower maximum to give position
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information (see Fig. 22b). The scintillator and shifter
for this calorimeter was developed in Japan. The muon
tracking system is being fabricated at Urbana. All of these
components will come together in an assembly line that is
being constructed at Fermilab and which will come into
operation in the summer of 1983. One complete wedge module
was tested in the beam before the design was finalized.

The endwall hadron calorimetry modules are now starting
to be constructed. Again, the plates for this unit are
fabricated using a plasma cutter under computer control.

The forward endplug calorimetry is also now under
construction. The electronic part is constructed of lead
sheets intersperced with resistive plastic tube chambers and
with pad and strip readout as well as segmentation in depth.
These chambers are the responsibility of Tsukuba University.
The hadron calorimetry section consists of 5 cm thick steel
plates intersperced with resistive tube proportional
chambers with pad readout and is the responsibility of LBL.
The pads of these two sets of chambers are arranged in the
form of projective towers. This part of the calorimtry was
particularly difficult to design because it is also part of
the magnetic circuit, and the forces are very high. Fig. 23
shows a view of one section of the endplug with its
associated calorimetry. Fig. 24 shows an exploded view of
the chambers in the electromagnetic section, and Fig. 25 and
26 show the response of the electromagnetic calorimeter to
100 GeV 7~ and e , respectively. These plots are made on

the basis of beam measurements.
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The magnet is a superconducting solenoid that is 3
meters in diameter and 5 meters long, and it is presently
being constructed by Hitachi in Japan. Preliminary design
and specifications for this coil were made by a
collaboration of Tsukuba University and Fermilab. The coil
is scheduled for completion this year and will be delivered
to Fermilab for magnetic tests in 1984.

The parts of the detector that I have described up
until now are the most advanced in their construction phase.
This is because some of the calorimetry is integral with the
magnet return circuit and, hence, must be completed before
magnet tests can be carried out. Some of these components
also had an influence on the design of the B0 collision hall
and assembly area, and hence their design had to proceed at
a rather rapid pace in order to insure compatability between
the building and the detector.

The central tracking system is still under study,
although detailed model tests have been carried out on one
proposed system which consists of ten sets of half staggered
double planes. In addition, there are five u and five v
planes giving a total of 20 radial planes of tracking. The
wires are in the z direction and typical cells are shown in
Fig. 27. An overall view of the central chamber is shown in
Fig. 28. The concave end supports allow adequate wire
tension with a minimum thickness of material in the way of
the particles. Two other tracking systems in the central
region are under study. The first is a silicon vertex
detector that would fit very close around the beam pipe.

The second is a tracking system that would be useful for
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angles smaller than that which the central tracking chamber
covers.

All of the calorimetry and tracking so far described
are attached to the magnet and move in and out of the
assembly hall. A 10° hole in the wedge allows particles in
this angular region to proceed into the forward and backward
calorimetry and tracking systems. These systems are fixed
in place and do not roll in and out. These systems are
symmetrical in the forward and backward direction and allow
for electrical and hadron calorimetry as well as muon
tracking. The electromagnetic calorimetry is being
constructed at Harvard; the hadron calorimetey is being
constructed at Texas A&M, and the muon toroids and tracking
system are being constructed at Wisconsin..

The data acquisition system must handle over 75,000
channels. It must be simple, reliable, and inexpensive.
Many components of this system are presently being designed
and tested. However, the basic architecture of this system
has been settled. The high level CPU will be a VAX, and the
various processors in the system will be linked by means of
FASTBUS. Much of the front end electronics will be placed
on the detector since we are relying on a fast regeneration
time in the Source to make the detector easily available in
case of malfunction in the collision hall. Finally, it has
been decided that the major means of communicating of data
between the detector and the electronics house will be done
by means of DC analog signals. A block diagram of this
system 1is shown in Fig. 29. The position of the various

electronics components relative to the shielding wall is
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also indicated in thié diagram. The system may be
subdivided into small sections for trouble shooting. The
processors that control all the subsystems are tied to the
VAX CPU by means of FASTBUS.

A typical channel of front end electronics 1is shown
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The signal coming in from a wire, a pad, or a phototube
is integrated in a charge sensitive amplifier and stretched
to the order of 100 microseconds. The two switches labelled
"before" and "after" are actuated before the beam crossing
and after the beam crossing. The difference of these two
times forms a gate for the experiment, and the two signals
from the sample and hold amplifiers are then subtracted in a

difference amplifier to give the channel out. 1In the case
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of no event, the condensers are reset before the next
crossing.

The function of the trigger is to keep the condensers
from being reset and to keep the "before" and "after"
switches open. The event is thus stored in analog fashion
until it is read out in the next few milliseconds. The
drift in the sample and hold system is small enough so that
this can be done quite accurately. The individual channels
are scanned under computer control, and the analog signallis
sent from the detector to the electronics house. This
system results in an enormous reduction of the number of
cables that must connect the detector with the rest of the
data acquisition system. It has the disadvantage that a
considerable amount of complex electronics is installed at
the detector, and hence, not accessible during a store.

The trigger is broken up into three levels. Level 1,
the lowest level, operates from analog signals sent from the
detector. The Level 2 trigger utilizes this analog
information 1in a more sophisticated way to find clusters or
other interesting configurations from the calorimetry
information. Finally, a very sophisticated Level 3 trigger
utilizing all digital information controls the data 1logging
operation.

Many components of this system have been built and
tested. There 1is an enormous amount of work left to do on
both the front end electronics and on the FASTBUS
components. The intention is to get the major components of
the system built by industry after the initial development

phase is finished.
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Finally, I would like to finish by showing some of the
events from our simulation program. Since the field is
axial along the beam, the event display 1is considerably
different in appearance than the ones we have seen from UAl.
Fig. 30 shows a typical high P, event in three views.
Fig. 31 shows an expanded view of the vertex of the same
event. PFigs 32 and 33 show the same event with a Py cut of
1 Gev.

This conference has been historic in that it has
exposed the richness of the physics that underlies high
energy pp collisions. The world is really composed of
quarks, gluons, and 1leptons! The sophistication and
granularity in our detector is sufficient to do an excellent
job of analyzing this type of physics. We look forward with
great anticipation to the day when we <can 3join you in

analyzing real data instead of Monte Carlo events.



- 328 -

COLLIDER PLAN

p Source
Debuncher

Co|lldlng Accumulator
[ Do Beam Hall AQI
\ B¢ / To Fixed
Y Torget
Colliding
Beam Hall

Fig. 1



- 329 -

Pig. e} 6IMINAL AN CF THQ AAMPRETIN SICIE




P MOMENTUM

12
(L]
pry
42
vd
2
ps2
42
de
S
S
S+
5
S
o
34
£l
s
=3
53
53
53
47
3
20
F
1 &3
43
“7 -
3C
.
-
-
3
2
L
-0
2
<€
4C
9B
48
43
48
25
&5
38
35
38
-?
7
7
53
a3
i)
6
a4
Qe
43
T3

343

nAma
s

25675
3AD9
40533
73w
So7v
37
LY
3CA2
J3Far
veige
CAAL Y
2C822
- *<E99
=37a2
732
1542
2342
w30e
a2
v3372
4073
> 8
<35GC4
» D692
JAAS
~a74
*$9867
2973
+*JA52
4CAS
*F93
- 7772+
35302
2cpae
+2082
Al
4533
*2493+

+J442

2443343234344442

-aq

LEAVING
THE TARGET

o
RF PHASE

Fig. 3



- 331 -

+343354352~

23332 2322
230+ -323
37 -3 T =30 TURNS
332 13
23« r32
a2 <3
rq el
2 3
a2 A
it 23
23 22
Jr rd e
a2 3
4+ 5+
5+ 2
5 23
S+ el
5 R
5S¢ N
ar i
s B4
3 A
oY GRS
53 33
82 5 a2
63 +A683 : 2
s 2eF33 a2
7 +JDAB7 . 92
c8 2579062 . 3+
E a2c 5 F98+++ D
F . *ABBE7 +++ £
) 1. : 483945 oF
- A3 250658+ . SH
"7 v2ACD92 AR
Z 36 . »3787242 N
ul *758A0+2 e
! v 247C533 .
= o ZRAAGT Te
=2 295FEAS 3¢
O . ++565357+ . X
> 4 55C5A97+ ov
-0 226D753 v+ 63
v + 2367E64 as
o, € z2AA7B3+ o5
sC + 47DG7+2 a6
s 4SBOCAR+ so
48 + +25897 33
49 ~25532 26
8 2 25
26 . e
16
26
as
2
~7
7
7+
53
24
b
6
a4
24+
43
24+
34+
a4
a4
342 243
+3442 r343+
" 244334434344442
} 1
L4

RF PHASE

Fig. 4



- 332 -

g "bid

MOqnmao¢3m60¢nn00¢3u03vONQOcanqovmucocanao¢SN00¢QHOO¢DNQO¢QN00¢DN007DN00¢mnnavmmuo
LaN/ LEGGLECTTIINS “:nﬂczncnnmu~003}3nn¢ﬂnwcnnﬂanococzhhcnnvwmunﬁaCDmDDNOOnncnnNU~03&mmhxocnv7nnu—noo
:::;. aoopozooCeczoAECITIEIT I TILITLTY

Oquqqccﬁncaq:~.....nnnﬁA.nﬂnnnnn¢v¢c¢¢¢¢v¢¢vw¢vq¢ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬁﬁﬂmnnmrrrrrrrrrrrrr:rr
LEGG m&e}?bam}&omémm&mmm}ma?0&&00&0&0

}?}b>>>0>>>>>}>}}}b}}}>>}®??>>>}}0}}&0?0}>c:mro}}}ba>ém§mmba>?b}
“:3::::::Dalaszcczzom::amzzm:m::ﬂ:::::CcCSDCEmmm3D:::m::3::Dm:mmm:mmaonmmammamzmm

PBAT0EETI0LAT I

Gy I nmﬂcﬁa—wumm0v73$~m32n5\0¢¢mnanrvn nNn—

IEONURaVGEGUYRICYELLRCCIERRS
$mhonvnN«O$mhonvnN_OODhnncnuaomDhomwnNn
v

o>amonqnmﬁO)Dxﬁsczaaoeomonvnnﬁomnhonvnu~093hqnvmugoomhﬂncnuao
0 I 0 L 7 [ (M o 1 [o]
1 . o
'§ SRE O C -
- ¢ [ S
. ﬂ n .
t d/dv t
t {
.1 t
t {
t 1
{ 111
o 1t
] [
(AM G) ot tonL
t- -1 -1 11
msz._. OO@N n._. . 1 - 11t
I t -t
1 t t
t t -
t t
. & r ot -t
HLAIM 1IN4 %205 R
B OO O N O
WY3g 40 %S6 - il
trt
tt
[
-1

o]
T
o1
0ot
00013903-n07

T
0T S1N3L1NOD
1

ot
001 STU:INNYHDI



- 333

(how)  aoazws  avainzd shL OL IMLV73Y A93IN3

04

03-

Se o/ £- oc- S€- 0s5- S9-
M T

T

- 0/

e no\
St

—{ 0!

or

S- of- Soo

(M3WD doyanz IWIINIY 4L oL IALVIZY A223NJ

- .08~

2H9 8¢

///////»///////w

/

( SWHO)

=
30MVa3dI

]

.

o3l

oL

- =0l

(,A3) AALISNIA

Y3JSNYYL

(5334930)
3SVHd

9 "bt4

(DI - W 1t)
20UDHIWE 02 ol

UOHNGLISIP |DUIUL

(GL000'= .aalqv uoiNqLIsIp _occ\

(0= mamv uolnquisip |oly

(POAW- WU~ ZH) Ausuaq 8oniod

1-



M +81-QwW-0 £
o[ VErasi-aw 0 €952 s -bra
L Ot VIS
[ 100AVI TUS INOASNVIL _ AN3Iwainn | wr e NS0
507

qQ10¥0L *4 T3] LINWI
VT INITIM

.-:....3.:-:.:15-:..-.5:
ANOLYNORYY FOLVEINIIY TYNOILVN IWNtd

XILIWINO V)
MINGW QIVANIVT

a8 9914 ey wiw

00137 18 Seumeci g 1

"y Irve 10w 00 §
www oo

Wwoss arves 1Y 1IN |

ann
osnsnsey
o

Y [NIvY _ LN mvee
w0ar v | NOTWINST N voivews|
1w 1eve
¥1 20 NOILMIITID

51

7-5 M

TTTTTTTIT

20123430 WAINT)

. 24 TI2iIINDNY
T — QYW IR

- 334 -

X040711d TWYINIT

MO AINWN] JIMGd

-.94;: !7- =7
i/ .

YU I0)

T XIMONT QUMY

1,92 1 IAIM. 21 _—
NS INTRAINDT ] |

Yooor
arnmne 219vinea

. 0817

-_ [ )

—

K

7400 Tr¥INsD s OFAAY @ >\
(#idil” SIIVNIIV 8 MILI IiNiD
nee

il

nve



6 *bta

——e INT WVIS NO
NOI 11504 30123190 -

- 335 -

A A —
ur " CoTT L _

DNANNHS

4 _ . ¥00a

i
/ —.l ll— _ - LI -
- 9NIDIAYIS W04 NOHISOd V B [ ————— )

WMO173130 JIVNEILIY -
. : = 1s WOON
ONIINNDYD

2+ WOON ws&».\. o p e A
/w == YN INNQD
Al




- 336 -

DESIGN REPORT

For the Fermilab Collider Detector Facility (CDF)

Argonne National Laboratory - D. Ayres, R. Diebold, E. May,
B. Musgrave, L. Nodulman, J. Sauer, R. Wagner,
A. B. Wicklund

University of Chicago - H. Frisch, C. Grosso-Pilcher,
M. Shochet
Fermi National Accelerator Laboratory - M. Atac,

F. Bedeschi, A. Brenner, T. Collins, T. Droege, J. Elias,
J. Freeman, I. Gaines, J. Grimson, D. Gross, D. Hanssen,
H. Jensen, R. Kadel, H. Kautzky, R. Kephart, T. Ohska,
M. Ono, R. Thatcher, D. Theriot, A. Tollestrup, K. Turner,
R. Yamada, J. Yoh

Laboratori Nazionali dell' INFN - Frascati - S. Bertolucci,
M. Cordelli, P. Giromini, P. Sermoneta

Harvard University - G. Brandenburg, R. Schwitters

University of Illinois - G. Ascoli, B. Eisenstein,
L. Holloway, U. Kruse

KEK - S. Inaba, M. Mishina, K. Ogawa, F. Takasaki, Y. Watase

Lawrence Berkeley Laboratory - W. Carithers, W. Chinowsky,
R. Kelly, K. Shinsky

University of Pisa - G. Bellettini, R. Bertani, L. Bosisio,
C. Bradaschia, R. DelFabbro, E. Focardi, M. A. Giorgi,
A. Menzione, L. Ristori, A. Scribano, G. Tonelli

Purdue University - V. Barnes, R. S. Christian, C. Davis,
A. F. Garfinkel, A. Laasanen

Texas A&M - P. McIntyre, T. Meyer, R. Webb

Tsukuba University - Y. Asano, S. Kim, K. Kondo,
S. Miyashita, H. Miyata, S. Mori, 1I. Nakano, Y. Takaiwa,
K. Takikawa, Y. Yasu

University of Wisconsin - D. Cline, R. Loveless, R. Morse,
L. Pondrom, D. Reeder, J. Rhoades, M. Sheaff

Three new institutions, Spokesman in parentheses,
joined the collaboration in June 1982: Brandeis University
(Jim Bensinger), University of Pennsylvania
(H. H. Williams), and Rutgers University (Tom Devlin).

Fig. 10
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