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I. OVERVIEW

The Tevatron I project at Fermilab was approved and funded in FY 1981.
This project calls for construction of a pp source capable of producing a
luminosity of 1030 at center of mass energies of the order of 2 TeV or 3 ergs.
In addition, provision was made for two experimental areas; one at BO and the
second at DO. A large detector is being constructed as a Laboratory facility
at B0, and a workshop was held for the DO area where a number of groups
presented a wide range of proposals.

The time schedule for this facility is as follows:

1l. Finish Saver installation during the period of June to December
1982. At present, well over half of the collared coils have been
constructed. Cryostat production is at the rate of 12 per week,
and the Magnetic Test Facility is measuring finished dipoles at a
rate of 10 to 12 per week. These production rates are consistent
with finishing the Saver from the schedule mentioned above.

2. Camnission the Saver starting from CY 1983.

3. Construction of the assembly hall and collision hall from the fall
of 1981 to the summer of 1983. The collision hall involves a pene-
tration into the tunnel, and its construction will be synchronized
with the final phase of Saver installation.

4. Construction of the Source starting in 1982 and finishing in 1984.
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5. Detector construction from the present through 1984.

6. Commnissioning the Source starting in the summer of 1984.

The schedule for the construction of DO is still under discussion. In
addition, studies have recently shown that it should be possible to bypass
the main ring around the collision hall. The cost and the impact of this
option on the program is being studied.

In this report, I will discuss the status of the Source, the collision
hall, and the detector. Finally, I would like to compare the potential for
colliding beam physics at the Tevatron with that of ISABELIE.

II. SOURCE

A detailed design for the Source has been presented in "The Fermilab
Antiproton Source Design Report of June 198l1." Here a design that generates
P's at the rate of 7.9 x 10° per hour is presented. The p's are then cooled
by longitudinal stochastic cooling. Next, they are decelerated, and the
cooling is repeated. After three such cycles, the p's are injected into an
accumilator ring where they are cooled in all three dimensions by electran
cooling. After an elapsed time of 12.7 hours, 1011 p's have been accumilated.
They have a Ap/p of .l percent and an emittance of 1m mm-mrad in each plane.
The antiprotons are then formed into three bunches and reaccelerated to 1 TeV
for colliding beam physics. |

Many technical hurdles for the Source design have been overcame, and
the projected luminosity of 10‘?'0 is realistic.

This proposal was reviewed in detail in June 1981 by a camittee appointed
by the Director. The conclusion of this camnittee was that the design was
technically correct and could form a basis for our program. However, they

also pointed out that the potential at FNAL was much greater than was being



exploited in the design and consequently urged the Laboratory to be more
bold. They suggested that FNAL has a potential factor of 10 greater p pro—
duction rate when compared to CERN, and that this could be achiewved by use
of techniques that have already been demonstrated. Using the previous work
as a basis, a scheme along the lines suggested has been developed, and the
corplete design will be available before 1982 for an enhanced Source.

CERN is paving the way in this new technology. Many of the techniques
they have developed are adaptable for use at FNAL. However, it is also true
that there are vast differences between the two machines and that the po-
tential resides at Fermilab for higher p production rates and higher lumi-
nosities. In addition, our biggest physics advantage is our higher colli-
sion energy.

III. DETECTOR

The detector is being built as a facility at Fermilab and will be in-
stalled in a collision hall at BO. The group at present consists of six
universities: University of Chicago, University of Illinois, Harvard Uni-
versity, Purdue University, Texas AsM University, and University of Wisconsin.
In addition, there are three national laboratories: Fermi National Accelera-
tor Laboratory, Argonne National ILaboratory, and Lawrence Berkeley Labora-~
tory. Finally, we have collaborators from Italy (Frascati and University
of Pisa) and Japan (KEK and University of Tsukuba). In addition, valuable
help has been received from the California Institute of Technology. An
overall view of the detector is given in Figs. 1 and 2. This detector covers
an angular region from 2° to 178° in the laboratory system. The central
magnetic detector covers the region from 10° to 170° and will roll in and

out of the collision hall as a unit. The detectors covering 2° to 10° and



170° to 178° consist of toroids with tracking and hadron/electron calorimetry
and will be assembled in their respective areas by means of transfer carts
that are designed to move large pieces of equipment between the assembly
hall and the collision hall.

The central detector consists of tracking chambers around the beam
pipe and a 1.5 Tesla axial field produced by superconducting solenoid. Next
in radius are electron calorimetry, hadron calorimetry, and finally muon
tracking chanbers.

Extensive model tests have produced a design for the electron and
hadron calorimeters for this detector, and construction of these components
is now underway. Model tests of the solenoid have been successfully carried
out in Japan, and final design is now urderway. Design and construction of
prototypes for the tracking chanbers is also underway. |

A brief description of the design principles used for this detector is
now given. The rapidity interval covered by 2 TeV pp collisions is -7.6 to
+7.6. High Pp jets (100 GeV) and massive particles have a more restricted
region in rapidity. Our detector will cover the region from 2° to 178° or
-4 <y < 4,

The calorimetry of the central detector is divided into towers such
that the granularity is about .1 units in y and 15° in Ap. There is same
interpolation in A¢ because each tower is read out by means of two indepen-
dent phototubes. These tubes look at the two edges of the scintillator
plates in constant ¢ planes, and hence the ¢ resolution will be better than
the 15°. Early studies were carried out using as a model the decay of a
heavy quark of mass 50 GeV. This quark was assumed to decay into three jets,

and the granularity of the calorimeter was investigated in order to determine



how many cells were necessary to reconstruct the individual jets and obtain
the mass of the parent quark. These studies indicated that 500 or more

cells in the region of 6 = 45° to 135° would be sufficient to resolve the

jet structure and measure mass. Fewer cells could reconstruct the mass of
the parent quark but would lose the substructure. This then fixed the granu~
larity in the central region. Fig. 3 shows the mass spectrum expected fram
a calorimeter with 640 elements in the central region.

The end plugs as well as the forward calorimeters v}ill utilize gas cal-
orimetry with cathode pads for readout. This choice was dictated by the very
difficult mechanical and magnetic problems encountered in this region as well
as the requirement for increased spatial resolution. The gas calorimetry
provides for greater flexibility of readout than scintillator technology
does. ‘

In the forward and backward region, the hadron shower size becomes large
enough so that the resolution in both Ay and A$ is reduced. Hence, at angles
less than 10°, the calorimeters are moved further from the interaction points
so that a typical QCD jet can still be resolved. Fig. 4 shows the resolu-
tion of the calorimetry in ¢ and y with typical QCD jets superimposecl.2

Extensive studies were made of requirements for a magnet and the direc—
tion of its field. The reason for a field are diverse but when taken to-
gether, become decisive. Same of these are:

1. Increased information about particle charge in new and unexpected

phenamena.

2. Enhanced e separation.

3. Muwn momentum measurement.



4. Help in ascertaining and maintaining the calibration of the calori-

meters.

5. Asymmetries expected in some decays requires knowledge of the py or

e sign.

6. Enhanced momentum measurement of low mamentum particles.

A solenoid was chosen because of its ease of construction and integration
into the machine. It does not sweep particles from the leading beam jets
into the detector and in addition, there is a large amount of experience
and expertise in the physics community with tracking for this geometry. It
cbviously fails to provide information below about 30°, and so this region
will be covered by magnetized iron toroids which will measure the momentum
of muons in this angular region.

This campletes a rather cursory description of the detector. A more
caplete description will be available shortly fram Fermilab in the form of
the CDF Detector Design Report. The design of the calorimetry has been
intensively pursued during the last year, and agreements are now being
drafted for construction of the various camponents. The construction will
take place largely over the three year period from 1982 to 1984 and will be
closely coordinated with the construction of the p Source.

Iv. QOLLIDING AREAS

There will be two colliding areas available for pp experimentation;
ane at B0 and a second at DO. The detector just described will go in the
area at BO and will be a major Laboratory facility. The Director has issued
a call for proposals for the DO area, and the detailed developments of plans

for this facility will be heavily dependent upon the proposals that are



received. The B0 assembly hall and collision hall are nearly complete and
ready for Title I approval, and we wish to have the Title ITI ready by
October.

| Figs. 5 and 6 show a view of the collision hall and the asserbly hall
as well as the support area. The first two are nearly 40 ft. below ground
level while the support area is at the surface.

The collision hall consists of a region of a length 100 ft. Its width
varies as shown. The central region is slightly deeper and provides a
nearly cubical space 50 ft. x 50 ft. and 40 ft. high for housing the central
detector which can move in and out. The two smaller halls in the forward
and backward region contain magnetized iron toroids and electron and hadron
calorimetry. A bypass is provided around the outside of this region for
servicing the main ring in the Tevatron. The floor is a concrete pad 4 ft.
thick in order to support the weight of the detector elements. The assenbly
hall is located parallel to the collision hall and separated from it by a
tunnel in which a retractable shielding door is placed, which when removed
fram the tunnel can be stored at either side in the assenbly hall. The
assenbly area is covered by a 50 ton crane, and in addition, transfer carts
will be provided to move heavy equipment from the assembly area into the
forward and backward collision halls. The floor level not occupied by the
transfer carts or the central detector is raised 4 ft. in order to facili-
tate work on the detector and its camponents and to facilitate support of
the camponents in the forward and backward halls. The building at ground
level will provide adequate room for assemblying the smaller components of
the detector. Fig. 7 shows an outline of the B0 area and with the same

scale, the CERN UAl Pit and the BNL Major Facility 8.



In addition to the support, the assenbly, and the collision areas, this
building will contain a fixed electrbnics house for the detector. The
cabling problems presented by this decision as well as the division of the
electronics between the detector and the electronics house has not yet been
resolved. A p source with a high production rate will cbviously make it
more practical to obtain access to camponents of the detector within the
collision hall during running. Placing more of the electronics immediately
at the detector simplifies the cabling but increases the need for highly
reliable electronics.

A large detector such as has been described here is obviously a very
versatile instrument for physics. However, there are many regions where
it has obvious deficiencies. For this reason and for the reason that Fermi-
lab desires an increased user participation in its p colliding beam program,
a second collision area will be provided. The Director has called for pro~
posals for experiments in this area. The area will not accommodate a major
facility such as we have been describing but will be dedicated to more highly
specialized experiments that supplement the major facility. The design of
this area iwll be influenced by the proposals that are received and approved
by the PAC. |
V. BYPASS

An examination of all of the detector drawings shows the main ring beam
pipe passing through the detector 25 in. above the Tevatron center line.
This cbviously poses difficulties for all of the detector elements that the
main ring beam must pass through. A configuration of the main ring that
would allow it to bypa.és the collision hall has been sought for a long time.

It has recently become clear that such a configuration for the main ring



exists and that the main trick is to bend the main ring in the vertical

direction to pass over the collision hall.3

In order to keep the path length
fixed in the main ring, the orbit must move to a slightly smaller radius.

The details of various schemes are now being carefully examined and evalu-
ared. Since such a bypass may be as long as 1,500 ft., it will involve con-
siderable expense and additional engineering in the main ring runnel. It

is unlikely that such a bypass could be installed before the Source is com-
missioned. However, the ultimate opportunity to remove the main ring from
interference with the detector is an exciting prospect.

Vi. PHYSICS

Inevitably, the physics capability of ISABELILE pp collisians at less
than 800 GeV in the center of mass system will be contrasted with the pp
colliders. In particular, this question will arise in trying to evaluate
the proposed4 Phase I ISABELLE (using FNAL magnets) with a luminosity of
2.7 x 1031, The witimate outcame of this discussion will have to consider
problems of funding, politics, and physics. However, here I would like to
restrict these remarks to physics and technology.

The W and the z° will probably have been discovered at CERN by the
time either ISABELIE or TeV I is operational. It is also true that the fun-
damental properties of the 7° are better studied in an e’e” machine such as
IEP. In the past, physicists have been extremely successful in deducing
the fundamental properties of a particle from a very small number of events.
It is not productive to argue about the relative numbers of these particles
that will be produced per hour at the various machines. A better camparison

is given by a set of curves that compares colliders in terms of the luminosity



of quark-quark collisions.” Thus, the interaction rate for any given chan-
nel can be oomputed from these luminosity curves tirrés the fmdaméntal Cross
section. It forms an easy way to compare various machines. Clearly, gq
interactions will be enhanced in pp collision, and gg interactions will be
suppressed. The gg interactions are relatively insensitive to the type of
particles. Curves from Ref. 5 are presented in Figs. 8 through 10, and they
incorporate the scaling violations as calculated by QCD. (It is useful to
make transparencies of these curves so that they may be compared for dif-
ferent machine energies and luminosities.)

It is seen that at the same luminosity, CERN pp and ISABELIE pp are
essentially equivalent. However, a comparison of TeV I shows that for W =
100 GeV, a factor of 10 lower machine luminosities leaves TeV I equal to
ISAREILE, and for W greater than 200 GeV, TeV I is superior even for a
ratio of 100 in basic luminosity. Thése curves display the enormous lever-
age that energy has over luminosity in the search for high mass states.

The remaining figures show the results of calculations for high Pp jets,
single 1°, single vy, and W or Z production. For instahce, at a p, of 100
GeV/c, there is a factor of 100 difference in the jet cross section between
Ys = 2000 and Vs = 500 for jets.

In sumary, it is clear that any comparison between ISABELLE and the
pp machines must take into account the following:

1. The intermediate vector boson will have been discovered. Comparing
machines by comparing W production rates is not meaningful. CERN
will have had too long a lead time.

2. p source technoiogy is new and advancing rapidly. A luminosity
equal 1031 is realistic to achieve.



3. The higher energy of TeV I gives it an advantage of approximately
100 or more for high pp states.

From the above considerations, it appears that a machine with a Phase I
Iuminosity of 2.7 x 103! may be marginal in its appeal.

These considerations are offset by the fact that at ISABEILE there will
be more than two interaction regions and that the machine is a dedicated
facility. Furthermore, at the luminosities quoted for Phase I, the beam-
beam tune shift is not large, and one is not making a big extrapolation into
regions of urknown machine stability. Until the luminosity is raised, the
problem of multiple interactions in a beam bunch does not seem serious.

The above is a summary of the colliding beam program at FNAL. CERN
is aggressively pushing their own programs. ISABELLE will be born into a
very campetitive environment — one of new technologies that are advancing
rapidly.

These considerations plus others such as funding, access of the uni-
versity commmity to facilities, and the support and development of new
accelerator technology will have to guide the future of ISABELLE.
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