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THE COVER: The eight-acre main-ring prairie plot, seeded last spring, 
was burned this month to reduce weed competition this year. The burn, 
carried out by R. Dorner and the Fermilab Fire Department, is supposed 
to destroy shallow-rooted weeds from Europe and Asia but not to affect the 
deep-rooted, perennial prairie grasses and flowers that have been burned 
over for centuries. (Photograph by A. R. Dona ldson) 
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MODEST COLLIDING-BEAMS MEETING 

Reported by Rolland Johnson and Peter Limon 

Introduction 

A meeting was held in January to discuss modest colliding-beams 

schemes at Fermilab. 1-3 
The goal of these schemes is to increase the energy 

available to create new states of matter on a more rapid time scale than that 

offered by POPAE and to give experience with the technology and physics 

that might lead to economies in the design of a larger facility. This paper 

is a report of that meeting. 

Energy and Luminosity 

The relevant parameters for colliding beams are energy and luminosity . 

The great advantage intersecting storag~ring experiments have over experi-

ments with stat ionary targets using beams from synchrotrons is in the energy 

available to create new states of matter. The customary variable i s ..fS, 

which corresponds to the most massive state that energy conservation will 

allow to be produced. The CERN ISR (Intersecting Storage Ring) has two 

rings of approximately 30 GeV each; this gives a ..fS of 60 GeV. In principle, 

two new particles each of rest energy 30 GeV could be produced. By com-

parison, the 400-GeV Fermilab beam on a stationary hydrogen target gives 

'Vs -= 28 GeV, enough to make two 14-GeV particles. In order to have '1°S 

= 60 GeV, a synchrotron would have to have an energy of 1800 GeV~ 

One pays for this large center-of-mass energy by having a lower 

luminosity in colliding-beam experiments than in fixed-target experiments. 
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The rate of a particular reaction is given by the luminosity multiplied by the 

cross section of that interaction. 

31 -1 -2 
The ISR has a luminosity L of approximately 10 sec cm A 

typical interaction cross section is 10-
30 

cm
2 

(1 µb). Thus, the event rate 

-30 31 13 
would be 10 Xi 0 = 10 events/sec. For a Fermilab beam of 1 O 

particles/sec the corresponding luminos ity using a liquid-hydrogen target one 

37 -1 -2 
foot long is 10 sec cm , or a million times better than the ISR. 

Given a sufficient ~ to produce a new particle, the next question is 

whether the luminos ity is sufficiently high to allow the particle to be pro-

duced often enough to be detected in a reasonable running time. To discuss 

this question and to evaluate the sc heme s for colliding beams at Fermilab, 

it i s necessary to c hoose a desired new particle and its expected mass and 

production cross section. The standard for these discussions has become 

the charged intermediate vector boson, the particle responsible for the weak 

force (nuclear beta decay , neutrino interactions, strange-particle decay, 

etc.). This boson, the W, is expected to have a mass between 37 and 100 

GeV. This expectation follows from gauge theories tha t seem to explain 

simultaneously the electromagnetic and weak forces; the actual mass calcu-

lation then follows from the relative strengths of the weak and electromag-

netic forces. 

The expected cross section for producing the W is much more con -

troversial tha n its mass. Calculations for W production cross sections are 

usually based on a Drell-Yan model. In this model, the proton is considered 

to be made up of quarks with a small mixture of ant iquarks . The W boson is 
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produced by the annihilation of a quark in the proton with an antiquark in the 

other proton. One problem with this calculation is that the number and 

momentum distributions of the antiquarks in the proton are not well known, 

except that experiments show that the number is very small, and the 

momentum distribution is significant predominantly at low values . It is 

poss ible that neutrino experiments at Fermilab will eventually determine 

the antiquark component of protons, but at present these parameters are very 

uncertain, making it difficult to calculate the necessary energy and luminosity 

for W boson production. 

The graph at the right gives the 

cross section for producing a W boson 

as a function of the scaling variable 
10

. 33 

2 + . 
s/m for p + p - W +anything. 

These curves are calculated using the E 10·34 
u 

Drell-Yan model. As mentioned above, tf 

the uncertainty of a factor of 1 0 or so 10· 35 

arises from the uncertainty of the anti-

quark distribution. The cross sect ion 
10 

± S/m 2 

for p + p - W + anything is also shown 

on this graph. 

Charged W boson production cross 
section. 

The graph on the next page s hows the luminosity needed to see one 

+ + + 
event eve ry 1 0 hours for p + p - W + anything, with the W decaying toµ + v 

with a 1 0% branching ratio. This fig·ure also shows ,JS for some of the 

schemes presented at the meeting. 
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Other Experiments 

Although the emphasis at the meeting was on new and grand dis coveries , 

there are many other experiments that profit from high center-of- mass 

energy, even at modest luminosity. Total cross sect ions , inclusive studi es , 

multiplicity distributions, and low p1 experiments immediat ely come to mind. 

The low-t elastic cross section in the Coulomb-interference region is par-

ticularly interesting, because the ratio of the real to the i maginary part of 

the scattering amplitude is sensitive to the rate at which the total cros s 

section grows. 

The fact that the beams are at unequal energies in most schemes can 

be used to great advantage in some experiment s . For example, the particles 



that come from an int eraction in the direction of the low- energy beam are 

spread out over a large solid angle, making multiplicity counting much easier. 

We turn now to discussion of particular colliding-beam schemes pre-

sented at the meeting. 

Energy Saver I Doubler on Main Ring 

The possibility of making interactions betweP.n protons in the Energy 

Saver/Doubler (ES/D) with protons in the Main Ring (MR) was discussed. 

Since the ES/D design is still flexible, any bright idea for eventual use of the 

ES/ D as a colliding beam m ight be well included at this time. 

These ES/Don MR schemes involve injecting protons from the Booster 

into the MR in the "wrong " direction. For example, thes e wrong-way pro-

tons could be accelerated to 400 GeV and injected into the ES/D. Several 

cycles of the MR could be used to build up the current in the ES/D. This 

s tacking process could store 10 A of circulating beam in a few minutes. The 

E S/D int ernal vacuum is expected to limit the beam lifetime; expectations 

are that the stored beam would las t some tens of hours before a refill would 

be necessary. The MR could then operate in its normal fashion, delivering 

beam to experimental areas. 
1 3 

The MR beam (5 X10 protons corresponds to 

0.4 A) could then be made to collide parasitically with the beam stored in the 

ES/D. 

The ES/Don MR schemes all depend on the placement of the magnets 

in the MR tunnel. The farther away from each other the two rings are, the 

more difficult it will be to bring the beam from one ring to the other, make 

it cross and then get it back into place again within the 5 2 m of a long straight 
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section. One idea was to put the ES/D magnets on top of or below the MR 

magnets on alternate sixths of the MR. The transition regions at which the 

beam in the ES/D would cross and interact with the MR would then be at the 

present long straight sections. 

Not a ll the six long straight sect ions in the MR are available to be used 

for colliding-beam experiments. Injection and extraction from the MR take 

up AO and the rf accelerating system takes up FO. The present MR to ES/D 

transfer takes place at BO, a lthough for many colliding-beam schemes, the 

transfer process would be compatible with an interaction region. The CO 

straight section, where the present internal-target area is, might make a 

reasonable experimental area for colliding beams with minor modifications. 

The MR abort system is in DO; the abort may prove compatible with an inter-

secting experimental area. The EO straight section is completely free. One 

can envision as many as four int er action regions . 
l 

Given that the center-of-mass energy (4E
1 

E
2

)2 can be formed from 

ES/D beams from 100 to 1000 GeV and MR beams from 8 to 500 GeV, 

depending on the placement of the ES/D magnets, the next quest ion is lumi-

nosity. The luminosity depends on the currents of the beams, 1
1 

and 1
2 

in 

2 
amps, the area of overlap a in mm , and the length of the intersecting region 

£ in meters . 

L 
32 1112 -2 -1 

(0.26X10 )-a-f.Bcm sec. 

Here B is a bunching factor that is 1 for an unbunched beam and z1 O for an 

rf-bunched beam. Each of the terms in the expression can be changed to 
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increase the luminosi.ty. The currents can be increased by stacking. The 

length of the overlap can be increased by decreasing the crossing angle 

between the two beams. The maximum luminosity is achieved by colliding 

the beams head-on. In the head-on scheme, the beams do not have to alter-

nate above and below, but can be brought to the interaction region and 

removed from the interaction region on the same side. 

As a direct result of this meeting, it has been decided that the Energy 

Saver/Doubler will be installed under the main-ring magnets, not on the 

ceiling of the tunnel, to make it more compatible with colliding the two beams. 

The most ambitious scheme has 400-GeV MR beam colliding with the 

1000-GeV ES/D beam. In this scheme ·'1s is approximately 1260 GeV. The 

corresponding luminosity, depending on the tricks and assumptions, would 

30 31 -2 -1 
be between 1 0 and 1 0 cm sec . With such a scheme, one would have 

great assurance that the W would be found, if it exists. More modest-

colliding beam schemes with lesser energies and luminosities are less cer-

tain to find W's. 

Conventional Magnet Storage Ring 

One proposal was presented for the construction of a small 25 -GeV 

4 
storage ring to intersect the MR at EO This scheme is discussed in a 

companion paper by J. K. Walker on page 11. 

The 25-GeV ring interacting with the MR at 400 GeV would give ,JS 

31 -2 -1 
200 GeV and L = 10 cm sec . When the ES/D becomes operational at 

1000 GeV, the corresponding '\ls becomes 300 GeV, Replacing the conven-

tional magnets in the small ring with superconducting magnets would allow 
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the 25-GeV energy to go to 50 GeV. The corresponding "1$ would be 400 

32 -2 -1 
GeV and L would be 10 cm sec . 

Antiproton-Proton Clashing Beams 

One way to avoid the problems of the small antiquark component in the 

proton is to store and accelerate antiprotons. The antiquark component of 

the antiproton is the same as the quark component of the proton, making the 

cross sections higher for the annihilation process and making the calculations 

more definite. It is, however, difficult to store a large number of antiprotons 

because they must be made from a secondary target. 

A scheme that used a small accumulator ring to collect antiprotons was 

discussed. A racetrack-shaped field with 3 m radius curved sections would 

be used to collect 2-GeV antiprotons produced by a 40-GeV MR beam. The 

betatron oscillations of these captured p's would be large. To "cool" or 

damp the oscillations, an electron beam of 1 lVIeV and several amperes would 

be made to travel with the pin the straight sections of the racetrack. The 

antiprotons and electrons that travel together at the same velocity down the 

straight sections come to thermal equilibrium after a time of the order of 25 

min, thereby reducing the size of the transverse oscillations of the p . There 

are possible alternatives to cooling with electrons. CERN has done some 

experiments at the ISR using "stochastic cooling" of a beam, where fluctua-

tions in the beam centroid are detected and used to ki c k the beam back to its 

proper orbit with fast feedback. The filling and cooling cycle could be 

( 1_ I 10-repeated many times at 4 X 10 p stored cycle) until approximately 1 O p 

were stored. The p could then be injected back into the MR in the wrong 
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direction where they would be accelerated to 200 GeV or so, along with the 

"right-way" protons, and stored. 

At this point, one would have pp collisions at "1"S = 400 GeV and a 

-2 -1 
luminosity 10 cm sec Since the antiquark fractions and momentum dis-

tributions are known for the antiprotons , the Drell-Yan calculation is more 

reliable than for the pp case. If this mechanism were to produce the W, the 

larger number of antiquarks might make pp one to two orders of magnitude 

more effective than pp. 

Conclusion 

The schemes presented above have widely varying degrees of certainty 

and of cost. But they show that the field of colliding-beam physics can 

become available at Fermilab with a modest effort. This effort could produce 

significant physics results, although they could not be expected to take the 

place of POP AE, which would make available larger energy and luminosity. 

The ideas discussed at this meeting were presented (in order of 

appearance) by R. R. Wilson, D. Cline, C. Rubbia, J. Walker, L. Teng, 

T. Collins, P. Mcintyre, A. Tollestrup, and G. Fox. Additional information 

was provided by R. Carrigan and the 197 3 Fermilab Summer Study. More 

detailed notes on the meeting are available in the Library. 
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W-SEARCH EXPERIMENT 

Reported by James Walker 

The most direct way of testing the underlying theory of weak interactions 

± 0 
is to search for the intermediate vector bosons W and Z We have proposed 

performing this search by constructing a small, high-current (of the order of 

1 A) storage ring that would allow us to study collisions between 25-GeV pro-

tons and the normal accelerating proton beam in the Main Ring of the Fermilab 

400-GeV synchrotron. This operation would cause no disruption of the stand-

ard Fermilab experimental program involving experiments with internal tar-

gets and external beams. In the first phase of the experiment, a peak available 

energy of "'5 of 200 GeV in the center-of-mass system would be achieved with 

1 - - f 0 31 - 2 -1 a um1nos1ty o 1 cm sec 

The proposed detector, with close to 411" solid angle, would permit 

identification and momentum analysis of muons of both charges from the 

reactions 

± 
p + p - W + Anything 

L f-l ± + Anything 

p + p - z 0 
+Anything 

L + -
f-l + f-l • 

In addition, the detector could provide a rough measurement of the energy 

and momentum of the hadronic cascades by the calorimetric technique. 

Two characteristics of the events would be used to identify the production 

of W mesons, observation of a peak in the cross section for muon production 
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at p
1 

= MW/2, and observation of a large imbalance of transverse momentum 

corresponding to a missing neutrino. Backgrounds from the continuum of 

+ -
µ. µ. pairs and known sources of single muons should be small. 

The neutral intermediate boson z0 
probably has a smaller cross section 

than its charged counterpart. Its production would be signaled by the obs er -

+ -
vation of a resonant peak in the µ. µ. mass spectrum. 

Our schedule calls for achieving proton-proton collisions at 200 GeV 

in the center-of-mass system two years after approval. A s e cond phase of 

the experiment would involve raising the c . m. syst em energy to 400 GeV and 

3 2 -2 -1 
increasing the luminosity up to 1 0 cm sec 

Characteristics of the Small Storage Ring 

1. Choice of Location. We have chosen to locate the small ring at straight 

section E of the Main Ring, as shown below. For easy visualization of its 

\ 

Proposed location of the small storage ring . 



size, we mention that it is approximately the size of the Booster. Straight-

section E has been c hosen as the location because of its proximity to 

Butterfield Road, so that it will probably not be utilized either in connection 

with POPAE or future secondary beams. Because of the compact nature of 

the small ring, this location would provide ample space for construction and 

isolation from the public highway. 

2. Ring Geometry and Lattice. The ring would be roughly in the shape of a 

racetrack with two semicircular curved sections of approximately 75 m radius 

joined by two straight sections each approximately 60 m in length. One of the 

long straight sections would run parallel and next to the MR long straight 

section in which the two beams would be brought together to collide. 

The figure below shows the proposed layout. 
2orn -..l 
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Layout of the small storage ring. 

3. Mode of Operation. During stacking, only approximately 1/10 of the main-

ring beam for each of 10 pulses would be extracted at 25 GeV and injected 
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into the storage ring. The remaining 9 /1 0 of the beam in each pulse could be 

accelerated to 400 GeV for other experiments . Thus there would be no 

noticeable interference and the storage ring could be recharged rather fre-

quently, say, every 10 minutes. During these 10 minutes with a beam stored 

in the storage ring, the operation of the Main Ring would be totally normal. 

Colliding-beam experiments could be performed from 5 0 GeV X 25 GeV up to 

400 GeVX 25 GeV during the ramp and flat-top of each main-ring pulse . 

Depending on the main-ring cycle time, the duty factor could be as high as 

50%. At the end of 60 minutes, the degraded stored beam would be dumped 

and a new beam stacked from parts of the following 10 main-ring pulses. 

Detector Concept 

The proposed muon detector is a cylinder stacked from drift-chamber 

and magnetized-iron sandwiche s, as shown in the artist's conception below. 

The cylinder is approximately 18 m long and 3 m in diameter. Each iron 

.;._CY d~: 

"· I I 1

1 

I! 1

11 

I ·11 111 I; I 

· ~ · 

I I 

Artist's concept of proposed muon detector. 
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plate is 10 cm thick and toroidally magnetized. A gap of about 5 cm is pro­

vided between adjacent plates for the introduction of detectors. Muon 

momenta are measured to about ±10% accuracy. 

Hadron cascades would be detected using scintillation-counter hodo­

scopes located between the iron plates. It is estimated that imbalance in 

transverse momentum for an individual event could be checked to about 2 or 

3GeV/c. 

The trigger would be the production of a mu'on with transverse momentum 

greater than 1 GeV I c, possibly in association with a large imbalance in hadron 

transverse momentum. A Monte Carlo simulation of events in the given 

geometry is presently being performed and this will help in establishing the 

optimum trigger. 

An event rate of approximately 100 per week has been estimated for the 

production of 60-GeV intermediate vector bosons. 

Cost 

The total cost of tunnel construction, equipment for the ring, and 

detector development has been estimated as $4,000,000. In addition, there 

are costs for provision of utilities, salaries, and rigging services that have 

not yet been evaluated. 

Conclusion 

It seems likely that if the intermediate boson exists, this experiment 

has a good chance of finding it. The effort and cost are comparable to other 

large experiments at Fermilab. It remains to be seen whether nature will 

provide us with the W or perhaps surprises beyond our present imagination. 
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Patiently awaiting the arrival of goslings, this female Canadian goose 
basks in the warmth of the April s un. (Photograph by A. R . Donaldson) 

' 



NOTES AN D ANNOUN CEMENTS 

SUMMER HOUSI G. 

The Housing Office is now making plans for accommodations for the 

summer. Since there is always an influx of experimenters during the summer 

months, the office established March 31 as a deadline for receipts of reser­

vations for on-site housing . 

In order to assure an equitable distribution, Fermilab housing assign­

ments will be determined this year by a new priority and lot system established 

by the Laboratory after discussion with the Users Executive Committee. The 

housing assignments were made early in April based on the expected running 

schedule for the summer, and responses were mailed out on April 22. 

The new priority system allocates four houses or apartments to the 

theoretical program and the remaining houses, apartments, and dormitory 

rooms to experimenters on running experiments and experiments setting up 

for the summer and fall. The priority in this group is 1) Soviets and 2) one 

house or apartment and one dormitory room per running experiment. If 

there is still housing availabl e after each experimental group with an experi­

ment running during the summe r has received one house or apartment and 

one dormitory room, there will be a second r ound assignment by lot. Ten 

of the 68 dorm rooms will be set aside for the use of people on running 

experiments who were not selected in the assignment and will be staying 

longer than three weeks. These rooms must be reserved at lea s t one month 

prior to expected date of occupancy. Double occupancy will not be employed 

in dorm rooms unless it is requested. 
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The starting dates for summer occupancy will be staggered over the 

week of May 30 through June 5. If for any reason assigned housing is not to 

be used for some portion of the summer, the Housing Office should be 

notified so that it can be utilized by another group. 

In the event that on-site housing facilities are filled, the Housing Office 

will assist in finding off-site accommodations. 

APPOINTIVlENTS. 

Marvin Warner has been appointed head of Architectural Services 

effective April 5. Marv Warner was deputy head of the DUSAF group that 

designed all the buildings and conventional facilities of Fermilab and super­

vised their construction. 

PHOTOGRAPHS SOLICITED. 

The editors of NALREP are seeking unusual, timely, or seasonal 

photographs taken by Laboratory personnel to use in future issues of NALREP. 

Submissions will be handled through the Publications Office, third floor, 

Central Laboratory. For more information contact R . Donaldson, Ext. 327 8. 
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RESEARCH ACTIVITIES D RL G MARCH 1976 

Reported by Halsey Allen 

Accelerator operation and work on the high-energy physics research 

program during March was relatively smooth and straightforward. Restora­

tion of the repaired 13. 8 kV secondary busduct at the Master Substation and 

the return to 400-GeV operation in the middle of the first week was probably 

the most notable occurrenc e . Prior to this, slow-spilled beam was delivered 

to the Meson Area at 300 GeV and to the Proton Area at both 200 and 300 GeV 

for several days, in a continuation of the end of February running. For the 

subsequent two and one - half weeks, 400-GeV slow spill was delivered to the 

Proton, Meson, and Neutrino Areas. High intensity fast spill was also made 

available in the Neutrino Area during the last full week of this period for a 

special emulsion exposure. The accelerator and experimental areas were 

shut down on March 22 for a facility maintenance and development period. 

In the three weeks of facility operation for research, accelerator reliability 

was nearly 80%, with almost 322 hours of beam time made available in the 

403 hours scheduled. 

Most of the work carried out during the last 10 days of the month was 

in the nature of corrective and preventive maintenance. Final preparations 

were made on the capacitor bank for routine operation in the accelerator 

main-ring power supply system. Work also began on replacement of the C-2 

collimator assembly on the Meson Area target train, along with repairs of 

related components. These two items constituted the major shutdown projects 

undertaken. 



-24-

For the third straight month, the Proton Area research program 

received the highest priority emphasis. Di-Lepton #288 began a data run 

looking particularly at high mass region di-muon events in Proton Central; 

this will augment two-electron events that were studied previously. Particle 

Search #300/#325 collected high pT data in the Proton-East beamline using 

their liquid hydrogen target and later took data on di-muon production using 

their multi-hole spectrometer and solid targets. Elastic Scattering #1 77 A, 

running in Proton-West, concluded an eight - week period of data-taking on 

high momentum transfer events. 

Problems continued to plague attempts to operate the 15 -ft bubble 

chamber with the heavy neon/hydrogen mixture. A cracked window seal, a 

broken vacuum tight weld on a cooling loop, and later a dislodged Scotchlite 

panel near the bottom of the chamber, along with assorted minor troubles, 

prevented any chamber operation for neutrino physics research. As a con ­

sequence, the Neutrino Area research program was considerably reduced in 

scope. Operation of the area was restored after 400-GeV beam had been 

re-established. Di-Muon #331 resumed data taking in the Ni (muon/hadron) 

beam, first using incident negative pions at 220 GeV /c and later with the 

beam tuned for positive pions of the same momentum. By the start of the 

shutdown some two and one-half weeks later the data collection phase of the 

experiment was completed. 30-In. Hybrid #299 finished up some beam and 

lead glass counter tests in the N5 line at Lab E during the first week after 

Neutrino Area startup. In the final week prior to the shutdown, Particle 

Search #24 7 began the exposure of their hybrid emulsion in the neutrino beam 



behind the 15-ft chamber, using high-intensity fast beam spill on the horn 

target train. 

The Meson Area program included research work by nine different 

user groups in the five major secondary beamlines plus exposures on the 

target hall (Meshall). In addition, several groups made use of the MS test 

beam for equipment checkout. The three experiments that completed their 

data collection efforts include Pion Dissociation #86A, looking at events 

originating in the helium-filled streamer chamber in M1 E; Neutral Hyperon #8, 

collecting .L\-p Scattering data in M2; and Elastic Scattering #69A, studying 

1 6 0 . # small-angle e astic scattering in M W. K Regenerat10n 425 continued 

routine high momentum data taking in M4 while Particle Search #366 (M3) 

and Inclusive Scattering #11 8A (M6 E) moved from tuneup activities into a 

normal data-taking phase during March. Polarized Scattering #61 and Hadron 

Jets #236A alternated in use of the Mi E beamline for tuneup and equipment 

checkout activities upon completion of the Pion Dissociation #86A experiment 

in the second week of the month; some parasitic use of this beam was made 

by both groups earlier. Five targets were also bombarded in the Meshall 

primary proton beam for Nuclear Chemistry #81 A, using the remotely 

operated electric train facility. Primary beam intensity on the Meson target 

continued to be restricted as reported previously. 

The experimental research program in the Internal Target Area has 

remained essentially unchanged from the past several months. Proton-Proton 

Inelastic # 321 continued to collect data at various energies with their 3-mil 

warm hydrogen gas jet, interspersing the runs with engineering studies of 
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their apparatus, Work was continued by Proton-Nucleon Scattering #198A 

and Polarized Scattering #313 on assembly and testing of elements for the 

spectrometer arm set up in the recoil room at CO, particularly on the super-

conducting dipole and quadrupole magnets. Final preparations were made 

and tests were performed on their new warm gas jet early in the month. 

Installation of the jet target assembly in the main-ring tunnel began immedi-

ately after the start of the facility maintenance and development period. 

... 
I 

~ 

• • 
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FACILITY UTILIZATION SUMMARY--MARCH 1976 

I. Summary of Accelerator Operations 

A. Accelerator use for physic s research 

Accelerator physics research 
High energy physics research 
Research during other use 

B. Other activities 

Subtotal 

Accelerator setup and tuning to experimental areas 
Scheduled interruption 
Unscheduled interruption 

Subtotal 

C. Unmanned time 
Total 

II. Summaries of High Energy Physics Research Us e 

# of Expts. Hours 

A. Count er experiments 16 27 95 .4 
B. Bubble chamber experiments 
c. Emulsion experiments 

Hours 

31.4 
321. 7 
(27 .6) 

12. 7 
289.3 

88. 9 

Results 

D. Special target experiments 1 5 targets 

35 3.1 

390. 9 

744 .0 

E. Test experiments 1 118.0 Pb glass counter 
F. Enginee ring studies and t ests 1 8.3 
G. Other beam use 30.6 

4 expts. completed 

III. Number of Protons Accelerated and Delivered (Xi 0
18

) 

A. Beam accelerated in Main Ring @ 400 GeV 1.160 
@ 300 GeV 0.15 9 

B. Beam delivered to experimental areas 
Meson Area @ 400 GeV 0.115 

@ 300 GeV 0.023 

Neutrino Area Slow Spill @ 400 GeV 0.466 
Fast Spill @ 400 GeV 0. 25 8 

Proton Area @ 200 GeV 0.048 
@ 300 GeV 0.040 
@ 400 GeV 0.164 

Total 

1.31 9 

0.138 

0. 724 

0.252 
1.11 4 
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IV. Beam Utilization B;l Experiment 

Hours 

• A. Meson Area 

Neutral Hyperon #8 277.2 1\-p scattering; complete 
Polarized Scattering #61 47 . 3 Tests 
Elastic Scattering #69A 49.3 Nuclear targets; complete 
Nuclear Chemistry #81 A 5 targets 
rr Dissociation #86A 252.0 -SOK pictures; complete 
Inclusive Scattering #118A 233.0 Data 
Hadron Jets #236A 17 .5 Tests 
Particle Search #366 262.6 Data 
KO Regeneration #425 255 .4 High momentum data 

B. Neutrino Area 

Particle Search # 24 7 106 . 8 Data; fp::: 2X10 
17 

30" Hybrid #299 Tests 118. 0 Lead glass tests 
Di-Muon #331 236.3 Data 

c. Proton Area 

p-p Elastic #177A 233.5 Data 
Di-Lepton #288 258.3 Data 
Particle Search # 300 I# 325 303.6 Data 

D. Internal Target Area 

p-N Scattering #198A 79.8 Tests 
Polarized Scattering #313 79. 8 Tests 
p-p Inelastic #321 103. 0 Data and tests 

Total 2913.4 
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MANUSCRIPTS AND NOTES PREPARED 
DURING MARCH AND APRIL 1976 

Copies of preprints with Fermilab publication numbers can be obtained from 
the Publications Office or Theoretical Physics Department, 3rd floor east, 
Central Laboratory. Copies of some articles listed are on the reference 
shelf in the Fermilab Library. 

B. C. Barish 
Experiments #' s 21 A, 
262, and 320 

T. Nash et al. 
Experiment #25 

J. von Krogh et al. 
Experiment #28A 

L. B. Leipuner et al. 
Experiment #4 8 

J. Rudis and S. Katcoff 
Experiment #81 

D. S. Ayres et al. 
(Fermilab Single Arm 
Spectrometer Group) 
Experiment #96 

H. L. Anderson et al. 
Experiment #98 

J. Erwin et al. 
Experiment #121 A 

C. Bromberg et al. 
Experiment #' s 1 38 
and 252 

Experimental Physics 

A Review of Neutrino Physics at Fermilab from 
the Perspective of the Caltech-Fermilab 
Experiment (Lectures presented at the Sixth 
Hawaii Topical Conference in Particle Physics, 
August, 1975) 

Measurement of J /4i (3100) Photoproduction in 
Deuterium at 55 GeV (FERMILAB-Pub-76/25-
EXP; submitted to Phys. Rev. Lett. ) 

- + 0 
Observation ofµ e K Events Produced by a 
Neutrino Beam s 

Polarization of Prompt Muons 

Interaction of 0.6-300 GeV Protons with U, Bi, 
Au, and Ag; Mica Track Detector Study 
(Submitted to Phys. Rev. C) 

+ 
A Comparison of the Shapes of n p and pp Dif-
fraction Peaks from 50to175 GeV/c (Submitted 
to Phys. Lett. ) 

Properties of Inclusive Hadron Spectra in Muon 
Nucleon Scattering at 15 0 Ge V / c (Submitted to 
Phys. Rev. Lett. ) 

+ 
Extraction of Average Multiplicities in K p and 
K+ n + Scattering from Inclusive A 

Inclusive and Semi-Inclusive Pion Production in 
pp Collisions at 102 GeV le and 400 GeV/c 
(Submitted to Nucl. Phys. B) 



Y. Akimov et al. 
Experiment #1 86 

J . Hanlon et al. 
Experiment #1 94 

T. S. Nigmanov et al. 
Experiment #1 s 216 
and 456 

H. D. Snyder et al. 
Expe riment # 288 

R. Johnson et al. 
Experiment # 3 35 

G. J . Blanar et al. 
Experiment #365 

H. Kasha et al. 
E xperiment #4 36 

R. B. P earson 

C. Quigg and 
J . L. Rosner 

A. A. Golestaneh 

B. W. L ee 
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Analysis of Diffractive pd -+ Xd and pp -+ Xp 
Interactions and Test of the Finite Mass Sum 
Rul e (FERMILAB-Pub -7 6/36 -EXP) 

The Inclusive Reactions p + n -+ p + X and 
n+ + n-+ p + X at 100 GeV/c (FERMILAB - Pub-
76/28-EXP; submitted to Phys . Rev. Lett.) 

Drift Chamber System for K- e Scattering 
Experiment at Fermilab Accelerator 
(FERMILAB-76 /26 -EXP) 

Production of 4' (3100) and 4'' (3700 ) in p - Be Col ­
lis ions at 400 GeV (FERMILAB -Pub-76/32-EXP; 
submitted to Phys . Rev. Lett.) 

Direct Production of Muons in the Forward 
Direction by 30 0-GeV Protons on Uranium 
(Present ed a t the 1 976 Vanderbilt Conference, 
March 1 -3, 1 976) 

Dimuon Product ion by Pions and Protons in Iron 
and a Search for the Production in Hydrogen of 
New P articles which Decay into Muons 

Evidence of Pair Origin of Prompt Muons 

Theoretical Phy sics 

A Practical Lower Bound for Scal ar Fields on a 
Lattice (FERMILAB-Pub -7 5 /93-THY ; submitted 
to Phys. Rev. D) 

Hadron P hysics with Hyperon Beams 
(FERMILAB-Pub -7 6 / 13-THY; submitted to 
P hys . R ev.) 

The T) Decay int o Three Pions and the On-Mass­
Shell Current Algebra (FERMILAB-Pub -7 6 / 18-
THY; s ub mitted to Phys. Rev. D) 

My Per s pec tives on Particle Physics: Summary 
of Orbis Scientiae, 1976 (FERMILAB-Conf-76/20-
THY /EXP; presented at the Orbis Scientiae 1 976 
Conference, Coral Gables , Florida, January 1 9 -
22, 1 976) 

• 

1l , 



. . 

M. B. Einhorn 

B . Cox and 
C. T. Murphy 

L . Voyvodic 
FN-289 

Form Factors and Deep Inelastic Scattering in 
Two - Dimen sional Quantum Chromodynamics 
(FERMILAB-Pub-76/22-THY; submitted to 
Phys . Rev. ) 

General 

The Design and Performance of a Halo-Free 
Int ense Extracted Proton Beam at Fermilab 
(FERMILAB-Pub-76/31-EXP; submitted to 
Nucl. Instr . and Methods) 

Phys ics Notes 

Nuclear Emulsion as Neutrino Track Sensitive 
Target in the i 5 -Foot Bubble Chamber 



May 7, 1976 

May 7-8, 1 976 

May 14 -1 5, 1 97 6 

May 20-21, 1976 

May 21, 1976 

June i 9-25, 1976 

June 28-July 9, 1 976 

DATES TO REMEMBER 

Deadline for receipt of new proposals and other 
written materials to be considered at the 
Extended Summer Meeting of the Program 
Advisory Committee. 

Workshop on External Particle Identifiers. 

Annual Meeting of the Fermilab Users 
Organization. 

Proposal Presentation Meeting. 

Fermilab Bicentennial Lecture Series: "The 
Carbon Isotopes and the Rise of American 
Biochemistry. " Dr. Martin Kamen, University 
of Southern California. No charge; tickets are 
required and may be obtained in the Guest Office. 

Ext ended Summer Meeting of the Fermilab 
Program Advisory Committee (Aspen, Colorado). 

Summer Study on the Use of the Energy Saver I 
Doubler. 


