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I. CNERVIEW 

. 'FNAL 'pp PROJECT 

A. V. Tollestrup 

Fermi National Accelerator Laboratory* 

The Tevatron I project at Fermilab was approved and funded in FY 1981. 

'lhis project calls for construction of a PE 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 experircental areas; one at BO and the 

second at DO. A large detector is being constructed as a Laboratory facility 

at BO, and a workshop was held for.the DO area where a number of groups 

presented a wide range of proposals. 

'lhe tine schedule for this facility is as follCMS: 

1. Finish Saver installation during the period of June to Decenber 

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 neasuring finished dipoles at a 

rate of 10 to 12 per week. These production rates are consistent 

with finishing the Saver from the schedule nentioned above. 

2. Camtl.ssion the Saver starting from CY 1983. 

3. Construction of the assembly hall and collision hall from the fall 

of 1981 to the surmer of 1983. '1he 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 fran the present through 1984. 

6. Coornission:ing the Source starting in the sunmer of 1984. 

The schedule for the construction of DO is still tmder discussion. In 

addition, studies have recently shCMn that it should be IXJSsible to bypass 

the rrain ring arotmd the collision hall. The cost and the irrpact 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 cxmpare the potential for 

colliding beam physics at the Tevatron with that of !SABET.TE. 

II. SOORCE 

A detailed design for the Source has been presented in "'llle Fennilab 

Antiprotan Source Design Report of Jtme 1981. 11 Here a design that generates 

p's at the rate of 7.9 x 109 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 

accua:ru.lator ring where they are cooled in all three dinensions by electron 

cooling. After an elapsed ti.Ire of 12. 7 hours, 1011 p's have been accumulated. 

They have a 6p/p of .1 percent and an emittance of lrr mn-rnrad in each plane. 

'lbe 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 overccme, and 

the projected luminosity of 1030 is realistic. 

This proposal was reviewed in detail in Jtme 1981 by a ccmnittee appointed 

by the Director. 'llle conclusion of this carmittee was that the design was 

technically correct and could fo:r:m a basis for our program. Hc:Mever, 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 ccmpared to CERN, and that this could be achieved by use 

of techn.iqi.Es that have already been derronstrated. Using the previous wotk. 

as a basis, a scherre along the lines suggested has been developed, and the 

a:xrplete design will be available before 1982 for an enhanced Source. 

CERN is paving the way in this new technology. Many of the techniqi.Es 

they have developed are adaptable for use at FNAL. Hcwever, it is also true 

that there are vast differences between the two machines and that the po

tential resides at Fennilab for higher p production rates and higher lumi

nosities. In addition, our biggest physics advantage is our higher colli

sicn energy. 

III. DEr.ECTOR 

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 A&M University, and University of Wisconsin. 

In additicn, there are three national laboratories: Fenni National Accelera

tor Laboratory, Argonne National Laboratory, 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 rec:ei ved from the California Institute of Technology. An 

overall view of the detector is given in Figs. 1 and 2. 'Ibis 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 
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170° to 178° consist of toroids with tracking and hadron/electron calor.irretry 

and will be assembled in their respective areas by rreans of transfer carts 

that are designed to move large pieces of equiprrent between the assembly 

hall and the collision hall. 

The central detector consists of tracking charrbers around the beam 

pipe and a 1.5 Tesla axial field produced by superconducting solenoid. Next 

in radius are electron calor.irretry, hadron calor.irretry, and finally muon 

tracking chanbers. 

Extensive model tests have produced a design for the electron and 

hadron calor.irreters for this detector, and construction of these c:orrp::>nents 

is nCM underway. Model tests of the solenoid have been successfully carried 

out in Japan, and final design is nCM urrlerway. Design and construction of 

prototypes for the tracking charrbers is also underway. 

A brief description of the design principles used for this detector is 

nCM given. 'Ihe rapidity interval covered by 2 TeV pp a::>llisions is -7.6 to 

+7.6. High pT 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. 

'Ihe calorirretry of the central detector is divided into tc:Mers such 

that the granularity is about .1 tmits in y and 15° in l!.cp. There is sane 

inte1:p0lation in l!.cp because each tower is read out by means of two indepen

dent J;ilototubes. These tubes look at the two edges of the scintillator 

plates in constant cp planes, and hence the cp resolution will be better than 
0 the 15 • Early studies were carried out using as a model the decay of a 

heavy quark of mass 50 GeV. This quark was asslll'lEd to decay into three jets, 

and the granularity of the ca.lor.irreterwas investigated in order to detennine 



hew many cells were necessary to reconstruct the individual jets and obtain 

the mass of the parent quark. These sbrlies indicated that 500 or more 

cells in the region of 8 = 45° to 135° would be sufficient to resolve the 

jet structure and rreasure 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 shcms the mass spectrun expected fran 

a ca.lorirreter with 640 elenents in the central region. 

'!he end plugs as well as the forward ca.lorirreters will utilize gas ca.1-

orirreb:y with cathode pads for readout. This choice was dictated by the ve:cy 

difficult rrech.anica.l and ma.gnetic problerrs encountered in this region as well 

as the requirement for increased spatial resolution. The gas ca.lorirreb:y 

provides for greater flexibility of readout than scintillator technology 

does. 

In the forward and backward region, the hadron shaver size beoorres large 

enough so that the resolution in both b.y and ll<P is reduced. Hence, at angles 

less than 10°, the ca.lorirreters are rroved further from the interaction points 

so that a typical Q:D jet can still be resolved. Fig. 4 shcms the resolu

tion of the calorirreb:y in cp and y with typical Q:D jets superirrp:>sed.2 

Extensive studies were ma.de of requirerrents for a ma.gnet and the direc

tion of its field. The reason for a field are diverse but when taken to

gether, became decisive. Sare of these are: 

1. Increased infonnation about particle charge in new and unexpected 

phenamna. 

2. Enhanced 'ITe separation. 

3. Moon m:m:mtun rreasurem=nt. 



4. Help in ascertaining and :ma.iritaining the calibration of the calori

neters. 

5. Asyrmetries ~cted in sorre decays requires Jmc:Mledge of the µ or 

e sign. 

6. Enhanced momentum neasurem:nt of lCM rrarentum 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 arrount of experience 

and ~se in the physics cormrunity with tracking for this gearret:ry. It 

cbviously fails to provide infonnation belCM about 30°, and so this region 

will be covered by magnetized iron toroids which will neasure the nomenttun 

of muons in this angular region. 

This canpletes a rather curso:ry description of the detector. A nore 

cx:xrplete description will be available shortly fran Fennilab in the f onn of 

the CDF Detector Design Report. The design of the calorinet:ry has been 

intensively pursued during the last year, and agreements are nCM being 

drafted for construction of the various canponents. 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. mTJ.IDIN; AREAS 

There will be two colliding areas available for fu> exper.irrentation; 

cne at BO and a second at DO. The detector just described will go in the 

area at BO and will be a major Laborato:ry facility. The Director has issued 

a call for proposals for the DO area, and the detailed developnents of plans 

for this facility will be heavily deJ?e.Ildent upon the proposals that are 

.... 



received. The BO assanbly hall and collision hall are nearly corrplete and 

ready for Title I approval, and we wish to have the Title II ready by 

October. 

Figs. 5 and 6 show a view of the collision hall and the assembly 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 shavn. 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 rrove in and out. The two smaller halls in the fo:rward 

and backward region contain magnetized iron toroids and electron and hadron 

calorirretcy. 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 elenents. The assembly 

hall is located parallel to the collision hall and separated fran it by a 

tunnel in which a retractable shielding door is placed, which when removed 

fran the tunnel can be stored at either side in the asserrbly hall. The 

assembly area is covered by a 50 ton crane, and in addition, transfer carts 

will be provided to rrove heavy equipnant 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 canponents and to facilitate support of 

the canponents in the fo:rward and backward halls. The building at grourtl 

level will provide adequate roam for assemblying the smaller ccmponents of 

the detector. Fig. 7 shCMs an outline of the BO area and with the sane 

scale, the CERN UA1 Pit and the BNL Major Facility 8. 



In addition to the supp:>rt, the assenbly, and the collision areas, this 

building will contain a fixed electronics house for the detector. The 

cabling problerrs 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 obviously make it 

nore·practical to obtain access to ccmponents of the detector within the 

collision hall during rmming. Placing more of the electronics irmediately 

at the detector sirrplifies the cabling but increases the need for highly 

reliable electronics. 

A large detector such as has been described here is obviously a very 

versatile instnment for physics. However, there are many regions where 

it has obvious deficiencies. For this reason and for the reason that Fenni

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 accormrodate a major 

facility such as we have been describing but will be dedicated to more highly 

specialized experinents that supplerrent 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 shavs the main ring beam 

pipe passing through the detector 25 in. above the Tevatron center line. 

'Ibis obviously poses difficulties for all of the detector elerrents that the 

main ring beam nrust pass through. A configuration of the main ring that 

w::>uld allow it to bypass the collision hall has been sought for a long tine. 

It has recently bec:x:ne 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 rrrust rrove to a slightly srraller radius. 

The details of various schemes are nav 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. H<:Mever, the ultimate opportunity to rerro'ile the main ring frcm 

interference with the detector is an exciting prospect. 

VI. PHYSICS 

Inevitably, the physics capability of ISABET.T.E pp collisions at less 

than 800 GeV in the center of mass system will be contrasted with the i3P 

rolliders. In particular, this question will arise in crying to evaluate 

the proposed4 Phase I ISABET.T.E (using FNAL magnets) with a luminosity of 

2. 7 x 1031• The ultimate outcare of this discussion will have to consider 

problems of funding, politics., and physics. Havever, here I would like to 

restrict these remarks to physics and technology. 

The w± and the z0 will probably have bee..'11 discovered at CERN by the 

time either ISABELLE or TeV I is operational. It is also true that the fun

darrental properties of the z0 are better studied in an e+e- machine such as 

IEP. In the past, physicists have been extrerrely successful in deducing 

the :fundarrental properties of a particle from a very small number of events. 

It is not productive to argue about the relative nurrbers of these particles 

that will be produced per hour at the various machines. A better ccmparison 

is given by a set of curves that carq;>ares colliders in terms of the luminosity 



of quark-quark collisions. 5 Thus, the interaction rate for any given chan-

nel can be computed from the5e luminosity curves tines the fundamental cross 

section. It fo:rms an easy wey to corrpare various machines. Clearly, qq 

interactions will be enhanced in pp collision, and qq interactions will be 

suppressed. The gg interactions are relatively insensitive to the type of 

particles. Curves fran Ref. 5 are presented in Figs. 8 through 10, and they 

incorporate the scaling violations as calculated by CO). (It is useful to 

make transparencies of these curves so that they may be corrpared for dif-

ferent ma.chine energies and luminosities.) 

It is seen that at the sane luminosity, CERN pp and ISABEr.T:E pp are 

essentially equivalent. Havever, a corrparison of TeV I shavs that for W = 

100 Ge.V, a factor of 10 lower machine luminosities leaves TeV I equal to 

ISABELLE, and for W greater than 200 GeV, TeV I is superior even for a 

ratio of 100 in basic luminosity. These curves display the eno.rmous lever-

age that energy has over luminosity in the search for high mass states. 

'Ihe rerraining figures shav the results of calculations for high :8ri jets, 

single 1To, single y, and w± or z production. For instance, at a Pr of 100 

Ge.V/c, there is a factor of 100 difference in the jet c:rt>ss section between 

Vs = 2000 and Vs = 500 for jets. 

In SurrmaJ:Y, it is clear that any romparison between ISABEf.T:E and the 

'PP ma.chines ITR.lSt take into account the following: 

1. The intenrediate vector boson will have been discovered. Comparing 

machines by romparing W production rates is not meaningful. CERN 

will have had too long a lead time. 

2. p source technology 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 Pir states. 

Fran the above considerations, it appears that a machine with a Phase I 

luminosity of 2.7 x 1031 may be marginal in its appeal. 

These considerations are offset by the fact that at ISABEf.T.E there will 

be nore than two interaction regions and that the machine is a dedicated 

facility. Furthenrore, 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 ma.chine stability. Until the luminosity is raised, the 

problem of multiple interactions in a beam bunch does not seem serious. 

The above is a surrma:ry of the colliding beam program at FNAL. CERN 

is aggressively pushing their own programs. ISABELLE will be born into a 

ve:ry carpeti ti ve environrrent - one of new technologies that are advancing 

rapidly. 

These considerations plus others such as funding, access of the uni-

versity canrnunity to facilities, and the support and developnent of new 

accelerator tedmology will have to guide the future of ISABEr.r.E. 
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