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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. Donaldson)
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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. The goal of these schemesi_?’ 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 storage-ring experiments have over experi-
ments with stationary targets using beams from synchrotrons is in the energy
available to create new states of matter. The customary variable is Ns,
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 N's 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
N's = 28 GeV, enough to make two 14-GeV particles. In order to have N 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.

The ISR has a luminosity L of approximately 1031 sec—1 cm—Z. A
typical interaction cross section is 10_30 cm2 (1 pb). Thus, the event rate
would be 10-30><1031 =10 events/sec. For a Fermilab beam of 1013
particles/sec the corresponding luminosity using a liquid-hydrogen target one
foot long is 10375ec—1 cm_z, or a million times better than the ISR.

Given a sufficient s to produce a new particle, the next question is
whether the luminosity 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 schemes for colliding beams at Fermilab,
it is necessary to choose 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 that 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 than 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 antiquarks. 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
possible 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 N~

1G%2 ~

cross section for producing a W boson
Theoretical

as a function of the scaling variable SREeHaihy

2 2 ;
s/m~ for p+ p—- W + anything.
These curves are calculated using the

Drell-Yan model. As mentioned above,

the uncertainty of a factor of 10 or so ol

arises from the uncertainty of the anti-

quark distribution. The cross section

S/m2

+
for p+ p—+ W + anything is also shown
B=R & A ¥ Charged W boson production cross

on this graph. section.

The graph on the next page shows the luminosity needed to see one
+ . : + . +
event every 10 hours for p + p - W + anything, with the W decaying top + v
with a 10% branching ratio. This figure also shows N5 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 discoveries,
there are many other experiments that profit from high center-of-mass
energy, even at modest luminosity. Total cross sections, inclusive studies,
multiplicity distributions, and low By experiments immediately 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 imaginary part of
the scattering amplitude is sensitive to the rate at which the total cross
section grows.

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

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



that come from an interaction 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/Doubler on Main Ring

The possibility of making interactions between 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 might be well included at this time.

These ES/D on MR schemes involve injecting protons from the Booster
into the MR in the "wrong' direction. For example, these 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
stacking process could store 10 A of circulating beam in a few minutes. The
ES/D internal vacuum is expected to limit the beam lifetime; expectations
are that the stored beam would last some tens of hours before a refill would
be necessary. The MR could then operate in its normal fashion, delivering
beam to experimental areas. The MR beam (5X1 O1 4 protons corresponds to
0.4 A) could then be made to collide parasitically with the beam stored in the
ES/D.

The ES/D on 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 52 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 all the six long straight sections in the MR are available to be used
for colliding-beam experiments. Injection and extraction from the MR take
up A0 and the rf accelerating system takes up F0. The present MR to ES/D
transfer takes place at B0, although 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 interaction regions.
Given that the center-of-mass energy (4E1 Ez)% 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 question is lumi-
nosity. The luminosity depends on the currents of the beams, I1 and I2 in
amps, the area of overlap a in mmz, and the length of the intersecting region
£in meters.

LI

172

L = (0.26X10°2) 12,8 e Pes T,

Here B is a bunching factor that is 1 for an unbunched beam and =10 for an

rf-bunched beam. Each of the terms in the expression can be changed to
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increase the luminosity. 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. Inthe 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. Inthis scheme ~'s is approximately 1260 GeV. The
corresponding luminosity, depending on the tricks and assumptions, would

31 = =1
cm 2sec . With such a scheme, one would have

be between 1 030 and 10
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
storage ring to intersect the MR at EO4. 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 \'s
=200 GeV and L = iO31 cm_zsecﬂi. When the ES/D becomes operational at
1000 GeV, the corresponding \s 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 \s would be 400

- -1
GeV and L would be 1032cm 2sec .

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 MeV and several amperes would
be made to travel with the p in 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 kick the beam back to its
proper orbit with fast feedback. The filling and cooling cycle could be
repeated many times (at 4 X 107 p stored/cycle) until approximately 1010 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 atNs = 400 GeV and a
luminosity 410 cm—zsec—i. 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 POPAE, 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 1973 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
is to search for the intermediate vector bosons Wi and ZO. 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 N's of 200 GeV in the center-of-mass system would be achieved with

. - 1 &
a luminosity of 103 cm 2'sec

=1
The proposed detector, with close to 4w solid angle, would permit

identification and momentum analysis of muons of both charges from the

reactions

+
p+p—- W + Anything

|

+

> p + Anything

0 ;

p+p—~ Z + Anything
o ¥
BotRo

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 = MW/Z, and observation of a large imbalance of transverse momentum
corresponding to a missing neutrino. Backgrounds from the continuum of
p+p._ pairs and known sources of single muons should be small.

The neutral intermediate boson ZO probably has a smaller cross section
than its charged counterpart. Its production would be signaled by the obser-
vation of a resonant peak in the p.+p.— mass spectrum.

Our schedule calls for achieving proton-proton collisions at 200 GeV
in the center-of-mass system two years after approval. A second phase of

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

32 -1

increasing the luminosity up to 10 cm_zsec

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 chosen 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.

20m
*CELL ’*‘

Layout of the small storage ring.

3. Mode of Operation. During stacking, only approximately 1 /40 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 9/10 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 50 GeV X25 GeV up to
400 GeV X 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 sandwiches, as shown in the artist's conception below.

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

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 £410% 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
3 GeVl/e.

The trigger would be the production of a muon with transverse momentum
greater than1 GeV/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 sun. (Photograph by A. R. Donaldson)



NOTES AND ANNOUNCEMENTS

SUMMER HOUSING.

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 available after each experimental group with an experi-
ment running during the summer has received one house or apartment and
one dormitory room, there will be a second round 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 least 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.

APPOINTMIINTS.

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. 3278.
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FMICSTON/PROTONS 4 300 #232 K1HG
EWULSIDN/PROTONS & 300 HERERT
FMULSTON/PANTONS 4 300 1237 Losn
ERULS LN/ PRDIONS 4 300 W2a nTy
EMULSLON/SANTONS 3 300 #244 JAIN
FMULSTON/PRNTING & 300 9255 KUSuMaTO
EMILSTIN/ PRNTONS 3 300 #329 TALTSANOYA
FUULSEN/@ANTENS 3 300 4374 caveS
FRULSTON/PRITONS & 200 #419 GIACOMELLY
EMUL STAN/PSATONS & 100 #a21 THELEPNY
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PAGE 2 EXPERIMENTAL PMDGEAS SITUATIGN HEOMT (COMTD)
AREA-BFAN SPNLESAFRSIN EXTENT OF 2u8 TN OATE DATE COMPLETED '
FHUL SION/RROTONS 3 200 0271 GOTTERIED 10 STACKS 10 JUN TS5
EMULGTON/#UDNS @ L3O #7855 JhIN 1 STack 16 0CT 73
ENULSION/SUONS & 130 #2084 KusUsOt i 2 STACKS 16 00T 73
EMULSION/PT- & 200 #7864 YauNT 2 sTaCKs T 0CT T4
EFULSINN/PI- & 200 #3122 TRETIaKNVA % STacss 70T T4
EMULSINN/®I = % 200 #3119 WILTFR 4 STACKS 9 JUN 15
EMILS [INAPT= & 200 147 1 STACK a UK 15
EMULSIONZPL= 4 205 e3at 4 STACKS 9 gt 79
FRILS INN/PROTONS 3 400 #2734 9 STACKS 9 prc 1%
FRILSIONZ2ANTONS 3 400 #2413 7 STACKS aQnpec 15
EMULSTON/#RATONS @ 400 #2645 L STACK 9 0EC 75
EMILS TN/ PHATIING 3 400 249 3 STACKS 9 DEC 7%
EMULSION/PHOTONS 3 400 #751 3 STACKS 9 nEc 15
EMULSLON/PAOTONS 3 400 #2865 3 STACKS 9 0EC 75
EMULST A%/ PROTONS @ 40O #279 NG 3 STACKS 9 pec 15
EMILSION/PRATOHS 3 400 #292 GOTTFATED 12 STACKS 9 BEC 15
EMULSLON/PRDTONS & 400 #3368 NGATA 2 STACKS 9 DEC 15
[MULSI ON/PROTCNS @ 400 8346 EX5PONG 1 sTaCx 9 CEC 75
EMULSTON/PROTONS 3 400 #385 PRAXASH 1 STACK 9 DEC 75
EMULSINN/PROTONS @ 400 5423 SUGTMATO 4 STACKS 9 nEC 75
ERULSION/PROTONS @ 400 #4286 HEBERT L4 STACKS 9 OEC 75
FRLTION/PROTONS @ 400 4434 DAKE 3 STACKS 9 NEC 715
EMULSION/PROTCHS 3 400 #461 LORD 6 STACKS 9 OFC 15
EMULS [DN/9ROTONS 3 400 8462 GIACOMELLI L STACK 9 0EC 75
EMULSTON/PREOTONS 3 400 #4563 TAETJAKOVA 2 sTacks 9 OEC 75
PA -PE PHOTORANDUCY TON #BTA Lee 24500 HOURS 21 DEC 75
PARTICLE SEARCH #1004 P IROUE 1,150 WOLRS 4 2PR T4
DI-NUNN B158 e %00 HOURS 10ET 78
=-PC MUON SEARCH #49 ADAIR 500 HOURS 1 DEC 75
LEPTON #70 LENERMAN 24800 WOURS 1 OFC 74
PARTICLE SEARCH #187 LEDERMAN 200 WOURS & KOV 73
DI-MUON #4368 ANALR 200 HOWS 29 ocY 75
ITA~C-0 PROTON-PAITUN SCATTERING B354 cooL 700 HOURS 24 JuN T3
PHOTOM SEARCH €834 WALXER 2,600 HOURS 13 MAR 75
PROTOM-PROTIN MISSING NASS #47A SANNES 800 HOURS 9 AUG T)
PHOTON SEARCH 2120 CLINE 1,200 HOURS 29 MAY T3
PARTICLE SEAACH #184 WANDERER 800 HORS 29 MAY 74
PROTOM-0EUTFAON SCATTERING #1B6 MELISSTNOS 450 HOURS 19 AUC 74
PROTGN-NUCLEON INCLUSIVE #im8 SANNES 1,050 HOURS 9 MaY 73
PENTON-PROTON THELASTIC #221 FRANZINI 950 HOw 4 5 SEP Ta
PROTON-NUCLEON [NFLASTIC #4317 cocL 1,400 wOURS 1 NOV 75
PARTICLE SEARCM W33 OL SEN 650 HOuRS 9 aPR 15
PARTICLE $PROOUCTICH #418 SANNES 900 HOUKS 22 OCT 75
* . vene ssessescnsasatersenss
B. [XPERIMENTS THAT ARE IN PROGRESS (2841 EXTENT OF AUN TO OATE OATE OF RECENT AUN
HA —ML TOTAL CROSS SECYTON 8104 XYCla 1,400 WOURS 1L Jan 75
INCLUSIVE SCATTEAING #3264 NEISBERG 400 HOURS 1 APR 76
-z PARTICLE SEAACH #3ST MEYER 14050 HOURS L oara 76
-1 NEUTAON ELASTIC SCATTERING 8248 LONGD 14150 HGURS 1 kPR T8
PARTICLE SEANCH 8307 ROSEN 600 HIWAS 1 APR 76
PARTIGLE SEARCM #3166 ABOLINS 14550 HOuRS L APR 76
-ne K ZERC REGENERAT[CN #4295 TELEGOT 1,050 Him S 1 APR T6
-ns HADRON JETS 4260 NCLECD 1,450 HOUAS 1 4PR 76
INCLUSIVE SCATTERING #1184 FRIFDMAN 600 HOUAS 1 APR T
~OTHER NUCLEAR CHEMISTRY 831 XAUFMAN 132 BOMEARDMENTS 1 APR 76
NA -NEUTRINO 1S-FOOT NEUTRINO/HZ #A%H ROE 162x PIX 1 APR T6
19-FOOT ANT[-NEUTRINO/H2 8314 DERRICK 64X PIX 1 APR 76
PARTICLE SEARCH #247 AURHOP 100 MRS 1 APR 76
~15-F7 15-E0OT PT- — P @ 100 #A3A KITAGART 1% PIX 1 oaeR 75
19-FOOT PI- - PENC 4 200 889 FAETTER AR PLX [WRITTN 1
15-FDOT PI- - P & 360 #384 HUSON 200 PIX 1 aPR 76
-30-H 30-1INCH P - 0 @ LOO #194 WURPHY sl #0x LoCT 76
30-1MCH HYBRIO 8299 PLESS [E103 1 APR T5
~OTHER SUPER-MEAVY ELEMENTS #28% LEDERmAN 3 TARGETS FXPOSEQ 1 UL 75
TACHY (N WONDPOLE 8202 MARTLETT COSNIC WAY RUNMNING | APR T
PA -PE PHOTON TOTAL CROSS SECTION #25A CALDWELL 400 1IURS 10CY 75
PARTICLE SF CRONIN 650 HOUAS 1 APR 76
PARTICLE SEARCH €325 CRON TN 200 HOUARS L 4PR 76
-rC 01-LFPTON #2848 LEQEUMAN 24300 HURs 1 wPR 76
-P¥ PHOTIN SEARCH §9%4 cox 950 HOORS 10t 18
PARTICLE PHODUCTION W2d4 WALKER 550 HOURS 1 LPR T
PROT(N-PATTON ELASTIC #1774 ongan 750 mOuRY 1 APR T6
TTA-C-0 PROTCN-PROTON [WELASTIC #3271 LEE-FRANZINT 100 WOLRS 1 APR 76
sesessaninien PP PP DL D R T ssesssnas

C. EXPEW(MLNTS THAT aRE [N TEST STAGE (6)3

®A =M1

NA =RUONZHADRON
PA -PC

1TA-C-0

HADRON JETS
POL ART2ED S

364
TTER TG a62
UCN 2319

MDY SEARCH #435

PROTON-NUCLFON SCATTERING #1984
PROTON-PROTON POLANIZAY 160W #313

Do EXPFRIMENTS BEING INSTALLED (11):

My ny
-n2
LU

NA “HFUTH MO
0%/ HADRON

—1s-FT
[
ITa-c-0

D T R T L PR R P PP PP T T P T P PP Ty

FORM FACTOR #3496
INCLUS TVE NFUTHAL MESON #1350
PARTICLE PROOUCY ION #4615

WA TIPARTICLF #L10A

HADRON DESSIC AT 10N §196

NEUTRIND 8310

0N 8399

PARTICLE SEARLW ¥179
NUCLEAR FRAUMENTS 466

PROTON-NULLEDN SCATTES (NG €181
NUCLFAR FOAGMENTS aah2

MOCKETT
CHANREALAIN

CHEN
ADAIR

OLSEN
NEAL

ST Ok
KENNE Y
PONORON
*CLEDD

GO TANDS

CLINE
wiLsoy
WOJSLICKL

KAUFMAY

NALAMUD
TURKOT

750 HILRS
300 HOURS

500 HOUKS
500 HOUMS

1 apR
1 APR

L APR

1 APR

1 ape
| aen

EXVENT OF APPROVAL

500 HOURS
400 PHouRS
100 Hims

AOO HEURS
800 HOURS

1,000 HOURS
00 MOURS
200 KAURS

500 WIUAS

100 HOURS
00 WORS

76
76

75
7%

16
16

carunns

B T T T P R T



PAGE 3 EASFRIPFATAL PRULNAM STUATINN RFPOAT (CONT'D)
AHE A-REAM SPORESRERLIN EXTENT OF BRO0VAL
EXPERIMENTS 10 HF SET U7 WITHIN & YFAR (23):
e o-m2 PARTICLE SFARCH 5472 STANFLEL 400 HoUAS
LAMADA MAGNETJC KOMENT 0440 VINCE E60 MNURS
PARTICLY SEARCY well GAREL 253 wOURS
PART(CLF SHARCH #413 ARELICK 150 HORS
PARTICLE SEARTH #5319 BREL LK A00 RS
-n3 NEUTROM-NUCL EUS TNELASTIC Ha3a 10N S 700 WIIURS
-4 TESY & IFAN REGENFRATION #225 YELEGH | 2100 MO
-H6 MACKHIZD SCATTERING #7240 press) H00 HOURS
NE -NEUTRIND 15-FOIT KEUTRINA/H2 ¢ N 4534 AaLTAY oo #Ix
15-FTOT SNTI-NEUTRING/H2ENESLT2 AINGHAR S0k Pix
3 - L2000 MRS
~KLNN/HADRON wERTH 200 WS
KERTH 750 HOURS
-30-1H 30-INCH 90~ = [ 3 360 w339 AR L YASU 00 PIX
F0-TMCH BRAR - P 3 %0 2344 WAV 100% PIX
ID-INCH PEAR - D & 100 8145 FKSPONG 100K 71X
10-1MCH Ple € B - P & 304 w277 RARNES 100K PLX
~OTHER FMULSINN/NEW PARTICLES #1486 LoRg EMULS TO% EXPOSURE
PA -PE FRILSEON/ELECTRONS 3 HI £ 4340 nAxXE EMULSION | APITSURE
EMICSION/ELECTRONS 3 > 100 1399 GOLOEN 5 STACKS
PARTICLE SEMRCH 9300 PEDRLES %00 WIURS
PHOTOPRDNUE TEON w1524 HEUSEH 350 MOLRS
1T4~C-0 PROTCH-HELIUM SCATTERING €2A9 AL AMUD 100 MOURS
veee T B T P T T P T R P R PR
F. OTHER APPRNVED EXPERIMENTS (2811
PA -HL PARTICLE SFARCH #3546 AaxER 200 MOURS
HAORON DISSOCIATION 6272 FEAREL 600 HIRS
-n2 HADRON JETS #395 SELOVE 450 MMWAS
LAMBOA POLARIZATION #a4l POHONOM 150 WOWRS
TNCLUSTVE NEUTAUN s4is JONES 500 HOURS
MUON SEARCH H4S3 FRESCH 500 HOLRS
CHARGED HYPERNN 497 LACH 400 HOLAS
-H4 ASSOCTATED PRODUCTION 099 DLEACLY 500 HOUAS
FOR® FACTOR #4645 ANKENSRAND T $00 HORS
NA -NEUTRTND 15-FOUT NEUTRIND/DZ #1514 SNOW 100¢ PIX
15-FOIT NEUTRINO/02 8227 ENGELNANN 100K P1X
15-FOOY ANTT-NEUTRINO/0Z 0390 GARF INKEL 300 P1X
NEUTRINOD 9356 BARISH [41000 HIURS
15-FOOT NEUTRINO/H2 & NE #1490 BALTAY 200K P1X
L5-FCOT ANTI-NEUTRINO/H2ZENEATES STUEVENSON 200k PIX
~MUNN/HAORON  DI-MUON 0444 SHITH %00 HOUAS
PARTICLE SEARCH 6169 KIRK 500 HOURS.
~15-F1 15-FOOT P - ¢ £ NE @ 400 0291 ANN 25K PIX
-30-18 30-INCH P - P 3 500 9207 ENGELMANN 50K PIX
30-INCH PBAR - ¢ 3 200 #392 NEALE 100K PIX
J0-[NCH P1- - P & 150 #8393 PLESS 300K PIX
30-1NCH P1- - HI Z 3 300 #304 WALKER 200 PIX
~0THER OETECTOR OEVELOPMENT 8206 PETERSON 200 HOURS
PA -PE PHOTOPROCUCT TON #401 GORMLEY 300 mOEs
PHI SHOTOPRMOUCTICH 4263 CHEN 600 HIURS
- PION INCLUSIVE #7258 P1ROUE 800 WOURS
C~TEST #3102 CESTER-REGLE 400 HHmS
MULTIGAMMA 0192 GUIRAGDSS | AN 400 HUURS

sesanasanoning

sssessarasnarens

e
G. PENOING PROPOSALS (#21: EXTENT OF REGUEST

s -M1 OETECTNR OEVELOBRENT w427 YUAN 50 MOURS
PST PRODUCTION #&52 LUBATTI A0D HOURS
-»2 LAMBOA BETA NECAY M161 MARCH 300 HURS
PARTICLE SEARCH mestl STEINAERG Le 200 HUURS
PARTICLE SEARCH #5877 WELRSTEIN 500 HOURS
-n3 Xe PROOUCT ION #449 ABOL INS 600 NS
NEUTAON-DEUTERDH FLASTIC 8479 ROBERTS 300 HOHAS
-4 INCLUS IVE X-SHORT #3813 XOBRAX 5D0 Win5
-me INELASTIC SCATTERING 8165 RIVSON 4TS5 HOURS
MADROM OISSOC [ATTON #4312 ERFLSTEIN 1,000 WOURS
INCLUSTYE SCATTERING He$1 BART O 600 HOLES
PARTICLE SEARCH 9669 curTTs 150 woums
NA —MEUTRINO NEUTRIND 355 BART SH 1,400 HOURS
(9-F 00T NFUTRINO/HZ & NE TEWNE & 100 PIX
15-FOOT NEUTRINO/NMZ C NE FETLRSON 2000 PIX
15-F0OT NEYTRTNO/H2 G NE enr 1,000K PIX
15-FO0T NEUTRINO/H2 £ NE HUSON 200K PIX
15—F0T ANT1-NEUTRTNO/ H2ENF 84T6 REENAN 200K P1X
—MUON/HADRON PICH OISSOCIAYION #318 a5coL1 400 MOLMS
yon 340 WILSON 400 HEURS
ESULSTON/MUDNS 2 50-100 #373 JATN FHULSIN L XPOSURE
EMULSTON/MUNNS & 200 8424 wADA FRULS 10N FXPASURE
DE-RUON 0443 SILCHFR 400 WOURS
MUDN B4an HILSON 300 HIWRS
TEST BAATICLE SEARCH 45T 2 ANDE N UG 100 HOURS
TLST MUON [RRADIATION 4467 FREEOMAN TARGET £ XPOISUME
~15-FT IS-FDOT P = 7 2 > DR = 200 #2708 TAKIBAEY 19K Pix
-30-1N JO-INCH Ko = ¥ 3 150 #0375 RUBIN 400K PIX
0-INCH PAAR — B 3 100 8394 WHITHORE 2,000% PIx
PA -PE SHOTOPRONUCT SN #3550 catbweLL 500 KOURS
PHOTPRNOUCT [ON #458 UEE 199 MO
MULTT-GAMMA W&TS FICENIC 100 MRS
-pC CHARGED HYPEXUY 8353 FCRLUNE KO WOUR S
FARTICLE SFANCH waeh BECKER S00 HOURS
-ew HADRON JETS SELOVE 690 HOURS
ELASTIC SCATTERING €301 CETTNER 1,000 wims
Or-=UIN €326 PIRCLL 400 iRy
ELASTIC GLATTERING #8347 MALKE®
HAGRON=-NUCLERN SCATTFA(NG #4720 G TRALUS

ELECTROPANMCT [N H&54 GUIAAGAGES1 AN 1,900 HOUKS
PARTICLE POOOUCT NN #4710 TRISCHUK 200 HOURS
1Ta-€-0 PARTICLE SEARCH w470 uALEEW 1,000 miURS
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RESEARCH ACTIVITIES DURING 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 occurrence. 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.
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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 P 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 #1774,
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 N1 (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 #247 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 M5 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 A-p Scattering data in M2; and Elastic Scattering #69A, studying
small-angle elastic scattering in M6W. KO Regeneration #425 continued
routine high momentum data taking in M4 while Particle Search #366 (M3)
and Inclusive Scattering #118A (M6 E) moved from tuneup activities into a
normal data-taking phase during March. Polarized Scattering #64 and Hadron
Jets #236A alternated in use of the M1 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 C0, 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.
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FACILITY UTILIZATION SUMMARY--MARCH 1976

I. Summary of Accelerator Operations

Hours
A. Accelerator use for physics research
Accelerator physics research 31.4
High energy physics research 321.7
Research during other use (27.6)
Subtotal 353.1
B. Other activities
Accelerator setup and tuning to experimental areas 12,7
Scheduled interruption 289.3
Unscheduled interruption 88.9
Subtotal 390.9
C. Unmanned time
Total 744.0
II. Summaries of High Energy Physics Research Use
# of Expts. Hours Results
A. Counter experiments 16 2795.4
B. Bubble chamber experiments = =
C. Emulsion experiments - -
D. Special target experiments 1 = 5 targets
E. Test experiments 1 118.0 Pb glass counter
F. Engineering studies and tests 1 8.3
G. Other beam use = 30.6

4 expts. completed

III. Number of Protons Accelerated and Delivered (X1 01 8)

A. Beam accelerated in Main Ring @ 400 GeV 1.160
@ 300 GeV 0.159
1.319
B. Beam delivered to experimental areas
Meson Area @ 400 GeV 0.115
@ 300 GeV 0.023

0.138
Neutrino Area Slow Spill @ 400 GeV 0.466
Fast Spill @ 400 GeV 0.258

0.724
Proton Area @ 200 GeV 0.048
@ 300 GeV 0,040

@ 400 GeV 0.164 0.252

Total 1.114
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IV. Beam Utilization By Experiment

A. Meson Area

Neutral Hyperon #8
Polarized Scattering #61
Elastic Scattering #69A
Nuclear Chemistry #81 A
m Dissociation #86A
Inclusive Scattering #118A
Hadron Jets #236A
Particle Search #366

K9 Regeneration #425

B. Neutrino Area

Particle Search #247
30" Hybrid #299 Tests
Di-Muon #331

C. Proton Area

p-p Elastic #177A
Di-Lepton #288
Particle Search #300/#325

D. Internal Target Area

p-N Scattering #1 98A
Polarized Scattering #313
p-p Inelastic #321

Total

Hours

27,2
47.3
49.3

252.0
233.0

175
262.6
2554

106.8
118.0
236.3

233.5
258.3
303.6

79.8
79.8
103.0

2913.4

A-p scattering; complete
Tests

Nuclear targets; complete
5 targets

~50K pictures; complete
Data

Tests

Data

High momentum data

17
Data; fp = 2X10

Lead glass tests
Data

Data
Data
Data

Tests
Tests
Data and tests
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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 #48

J. Hudis 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 #4121 A

C. Bromberg et al.
Experiment #'s 138
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 Tcopical Conference in Particle Physics,
August, 1975)

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

-+
Observation of p e KSO Events Produced by a
Neutrino Beam

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 # p and pp Dif-
fraction Peaks from 50 to 175 GeV/c (Submitted
to Phys. Lett. )

Properties of Inclusive Hadron Spectra in Muon
Nucleon Scattering at 150 GeV/c (Submitted to
Phys. Rev. Lett.)

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

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



Y. Akimov et al.
Experiment #186

J. Hanlon et al.
Experiment #1 94

T. S. Nigmanov et al.
Experiment #'s 216
and 456

H. D. Snyder et al.
Experiment #288

R. Johnson et al.
Experiment #335

G. J. Blanar et al,
Experiment #365

H. Kasha et al.
Experiment #436

R. B. Pearson

. Quigg and
L. Rosner

(6]

A. A. Golestaneh

B. W. Lee
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Analysis of Diffractive pd - Xd and pp - Xp
Interactions and Test of the Finite Mass Sum
Rule (FERMILAB-Pub-76/36-EXP)

The Inclusive Reactions p + n - p + X and
7t +n—>p+Xat100 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 ¢ (3100) and ¢' (3700) in p-Be Col-
lisions at 400 GeV (FERMILAB-Pub-76/32-EXP;
submitted to Phys. Rev. Lett.)

Direct Production of Muons in the Forward
Direction by 300-GeV Protons on Uranium
(Presented at the 1 976 Vanderbilt Conference,
March1-3, 1976)

Dimuon Production by Pions and Protons in Iron
and a Search for the Production in Hydrogen of

New Particles which Decay into Muons

Evidence of Pair Origin of Prompt Muons

Theoretical Physics

A Practical Lower Bound for Scalar Fields on a
Lattice (FERMILAB-Pub-75/93-THY; submitted
to Phys. Rev. D)

Hadron Physics with Hyperon Beams
(FERMILAB-Pub-76/13-THY; submitted to
Phys. Rev.)

The n Decay into Three Pions and the On-Mass~
Shell Current Algebra (FERMILAB-Pub-76/18-
THY; submitted to Phys. Rev. D)

My Perspectives on Particle Physics: Summary
of Orbis Scientiae, 1976 (FERMILAB-Conf-76/20-
THY/EXP; presented at the Orbis Scientiae 1976
Conference, Coral Gables, Florida, January 19-
22, 1976)



M. B. Einhorn

B. Cox and
C. T. Murphy

L. Voyvodic
FN-289

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

General

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

Physics Notes

Nuclear Emulsion as Neutrino Track Sensitive
Target in the 15-Foot Bubble Chamber



DATES TO REMEMBER

May 7, 1976 Deadline for receipt of new proposals and other
written materials to be considered at the
Extended Summer Meeting of the Program
Advisory Committee.

May 7-8, 1976 Workshop on External Particle Identifiers.

May 14-15, 1976 Annual Meeting of the Fermilab Users
Organization.

May 20-21, 1976 Proposal Presentation Meeting.

May 21, 1976 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.

June 19-25, 1976 Extended Summer Meeting of the Fermilab
Program Advisory Committee (Aspen, Colorado).

June 28-July 9, 1976 Summer Study on the Use of the Energy Saver/
Doubler.



