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THE COVER: This photograph of an oscilloscope trace shows the intensity
of six pulses of 8-GeV protons from the booster circulating in the main ring
for three correction sextupole magnet current settings. Small beam decay
is seen when full correction is applied, but more beam loss is seen for 80%
of full correction and total beam loss for 50% current settings.
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BEAM STABILITY IN THE MAIN RING

Recent experience has shown that the main ring can store and accelerate
to 400 GeV more than 80% of the 8-GeV protons injected into it. This level
of performance leading to intensities of nearly 2 X 1013 protons per pulse
has been made possible by the incorporation into the main accelerator system
of many correction devices which stabilize the circulating beam. Although
such devices have been used in earlier accelerators, they are particularly
important to the Fermilab main ring. It is difficult to accelerate even 1011
protons with the correction devices turned off!

Many parameters are necessary to describe the motion of particles in

an accelerator. Some of them are:

Momentum = p

Phase = ¢

Distance along the structure = s
Vertical position =y
Vertical angle y!* = dy/ds

Horizontal position

x
Horizontal angle x' dx/ds

The parameters x, x', y, and y' are measured in transverse coordinates,

while longitudinal coordinates are used for p, ¢, and s. Particles execute
betatron oscillations in the transverse coordinates and synchrotron oscilla-
tions in the longitudinal coordinates. Transverse motion is kept within bounds
by alternating magnetic field gradients in quadrupole lenses, while longitudinal
motion is controlled by time-varying electric fields in RF cavities. When
there is an intensity limitation because the beam has died away, it is because
something has interfered with the particle confinement in one of the coordinates

just described.
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The fields which disturb particle confinement are divided into two
classes, those which are externally generated~--such as a magnetic field
caused by the improper shape of a magnet pole face, and those which are
generated by the current in the beam itself. An instability caused by external
forces is intensity-independent. An effect of this type is called a single-
particle instability. Instability caused by the fields of the beam itself is
intensity-dependent. Such an instability becomes noticeable in the main
ring in the transverse coordinates at an intensity of 1 X 1012 protons per
pulse. In the longitudinal coordinates it is observed above an intensity of
3 X 1012 protons per pulse. These instabilities are called space-charge
effects.

When the main ring was first operated it was found that even very weak
beams decayed away rapidly at 8 GeV. Although this was due in part to a
variety of obstacles in the vacuum chamber, the decay remained after the
obstacles had been removed. The machine behaved as if only a very small

portion of the magnet aperture could contain a stable beam. This beam decay
has been found to be caused by errors in the fields of the magnets which
interfere with the transverse particle confinement.

In the course of a 4-sec acceleration cycle a particle travels 1.2 X 106
km, going around the main accelerator nearly 200,000 times. During this
process, the transverse oscillations of the protons are kept within the vacuum
chamber by means of quadrupole lenses, alternating in sign, spaced at inter-

vals of 30 m. In practice the lenses are not identical, and may contain im-

perfections. Imagine that the accelerator is not circular, but extends in a
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straight line for 1.2 X 106 km. As a particle passes through successive
lenses, it receives a series of small extra deflections due to the magnet
imperfections, the direction and magnitude of which are distributed randomly.
Because of these slight random deflections, the amplitude of the transverse
oscillations will grow in proportion to the square root of the distance traveled
times some factor which depends upon the magnitude of the field errors.

With magnets of the quality typical of those in the main ring, most of the
particles would be lost against the vacuum chamber walls after traveling a
distance of 1000 km, only 0.1% of their intended journey.

Fortunately, because the accelerator is circular, a particle passes
through the same set of magnets every 6.28 km. If the phase of the trans-
verse oscillations of the particles is advanced by a proper amount on every
revolution, it is possible to cancel the effects of the random field errors.

On the other hand, the phase advance can be adjusted to magnify the effect
of the field errors. TUnder the most unfavorable conditions, the beam in the
main ring will survive for only ten revolutions!

The number of transverse oscillations which a particle executes in one
revolution is called the tune of the machine. Because the quadrupole magnets
of opposite signs are connected to different power supplies, the tune of the
horizontal and vertical oscillations can be controlled separately. If Qy is

the vertical tune and Qx is the horizontal tune, whenever the relation
+ =
an be c
is satisfied, the transverse oscillations will grow and the beam will be

unstable. In this relationship a, b, and ¢ are integers. The instability
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decreases in importance with increasing values of ¢c. For beams with the
largest transverse size so far injected into the main ring, values of ¢ as
large as 97 are important. A diagram of the danger values for Qx and Qy
for values of ¢ up to 97 is shown opposite. The small cross is typical of the
operating tune of the most stable particle in the accelerator. The various
lines in the diagram differ in their power to destroy the beam, as they have
their origins in different distributions of field errors in the accelerator mag-
net system. For this reason, the location of the best operating tune must be
determined by experiment. It will be shown later that different protons within
the accelerator can have different tunes. Therefore, it is important that the
ensemble of all particles be confined within the boundaries set by the lines
surrounding the cross if no beam loss is to occur.

The most important device used in keeping the tune away from a
destructive value is the quadrupole power supply itself. Since the tune is
nearly proportional to the current in the quadrupole magnets and since the

distance from the cross to the nearest danger line is about 0.03, the quad-
rupole current must be held constant to at least 0.03/419.4 = 1.5 % 10-3_

Because other effects also cause the tune to vary, in practice the
variation due to quadrupole current regulation alone must be held constant
to within 5 X 10_4. At injection time the quadrupole current is approximately
88 A. This is held constant to within +0.04 A through the use of two transistor- he
bank power supplies recently added to the quadrupole system. It may seem
odd that magnets which are eventually ramped to 7000 A at 500 GeV must be

so carefully current-regulated at injection time, but experiments prove that

this is so.



Qy ,Vertical Tune

Instability diagram for the
Fermilab main ring. Each
line is identified by the value
of ¢. Only those lines which
¢ =97 are shown. The most
stable tune for a particle is
shown by the cross. The
dotted line is the principal
resonance, not described in
the text, which couples ver-
tical and horizontal oscilla-
tions. It must be avoided if
the horizontal beam size is
larger than the vertical mag-
net aperture.

Qy , Horizontal Tune

Even if the quadrupole current is regulated to the required precision,
the accelerator still will not work. This is because the beam ensemble at
8 GeV has a spread in momentum of about 2 X 10-3. Since high-momentum
particles travel at a larger radius than low-momentum particles, they explore
a different region of the magnet aperture and are not necessarily subject to
the same focusing field gradients. Indeed, measurements show that there
are substantial radius-dependent field gradients in the bending magnets.
Without correction these errors would cause an injected ensemble to be
spread far beyond the boundaries shown in the diagram. In addition, synch-
rotron oscillations cause the momentum of each particle to oscillate, and it
will wander across forbidden lines and eventually be lost. The repeated
crossing of the forbidden lines at the synchrotron frequency causes a slow
beam decay which in appearance is difficult to distinguish from that due to

other effects such as a poor vacuum.
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To cancel the effects of the bending magnet gradients, a system of
about 400 correction magnets has been installed around the ring in spaces
adjacent to every quadrupole. Yet another source of tune spreading is the
field gradients caused by the currents which flow in the vacuum chamber
during acceleration. The correction magnets are ramped to counter this
effect.

Space-charge effects become important above an intensity of 1 X 1012
protons per pulse. The effect with the lowest threshold is the resistive-wall
instability which disrupts the vertical transverse confinement. Qualitatively
speaking, it can be described as follows. The oscillation of a particle leaves
behind it a retarded or wake field due to currents of image charges in the
vacuum chamber wall which may deflect a following particle. If that following
particle in turn leaves behind a wake field which deflects the first particle, an
instability can develop when the phases of the various oscillations are in an
unfavorable relationship. Two sources of such instabilities are known to
exist. In one the currents which are left behind survive the 20 psec required
for one revolution of the beam. This instability has the lowest threshold.

It is characterized by a normal mode in which all particles in the machine
participate in a coupled vertical motion. The lowest frequency of beam
oscillation which a stationary observer detects is 18 kHz. Several devices
detect this beam motion and suppress it through deflecting electrodes called
beam dampers which buck out the oscillation.

The second source arises from particle motion within the individual RF

bunches. The beam is segregated into 1113 bunches around the ring in which

13



the protons are trapped by the RF electric fields. Synchrotron oscillations
cause particles to circulate within the bunches. Thus, a particle at the head
of a bunch can leave behind a wake field which deflects a particle at the tail
of the bunch, only to be later deflected by that particle when their positions
are reversed half a synchrotron period later. Naturally enough, this effect
is callied the head-to-tail instability. The normal mode with the lowest
threshold is one in which the whole bunch oscillates vertically. Such motion
can be detected and suppressed with a damping system which responds to the
motion of individual bunches. The superdamper was built to control the
vertical instability of a single bunch. Unfortunately, other modes of oscilla-
tion occur which have high frequency components that place them beyond
control by beam dampers because of technological limitations. These
instabilities have been known to cause the selective extraction of individual
bunches and a resultant deterioration of the eventual spill structure. The
threshold for such instabilities can be raised by making the individual bunches
longer and thus diminishing the effect of short-range but strong wake fields.
This is accomplished by a feedback system which has been incorporated into
the main ring RF system. The penalty for using such a method of stabiliza-
tion is the necessity for more RF voltage to confine the larger momentum
spread characteristic of longer bunches.

One additional instability is important. Whenever there is an electrically
insulated gap in the vacuum pipe, the possibility exists that the beam will
induce a large voltage across the gap which induces a large momentum

spread in the circulating beam. To cause this effect, the gap must be part
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of an electrically resonant circuit. Any resonant frequency which is a
multiple of the 47-kHz revolution frequency is dangerous. Although an upper
limit of about 250 MHz exists for this effect, there are over 5000 dangerous
frequencies in between. The worst known structures containing such gaps
are the RF cavities, which have high-Q resonances at frequencies other than
the fundamental frequency of acceleration. A resonance at 128 MHz in an RF
cavity once made it impossible to transport beam across a lower energy
plateau, called the "front porch", Other resonances in the cavities have
caused selective extraction of individual bunches. Work is presently under-
way on a damper for these spurious resonances in the RF cavities which will
lower the gap impedence at all frequencies other than that of the accelerating
fundamental.

It is impossible to predict what will happen when attempts are made to
accelerate higher intensity beams. Some instabilities may actually go away,
while others yet unseen may develop. A frequently heard comment among

accelerator builders runs to the effect that, "had we known it would be that
complicated, we might never have built the thing!"

Reported by R. Stiening
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REPORT FROM THE USERS EXECUTIVE COMMITTEE

The Users Executive Committee has submitted the following report:

"The Users Executive Committee exists to serve as a channel of com-
munication between the user community and both Fermilab and Universities
Research Association, Inc. A number of subcommittees focus on areas of
crucial interest to users (published in October 1975 NALREP), and user input
is actively sought. In the past a wide variety of problems has been discussed
by the UEC. Usually a recommendation is made either to Fermilab or to URA
for action to produce a workable solution. The usefulness of the UEC depends
very much upon the communications between the Users Organization member-
ship and the Committee., We feel that this could be improved and that we need
to hear more from the membership about potential or existing matters of con-
cern,

"Three UEC meetings have been held in the latter half of 1975, and
another is scheduled for January 10. This article is intended as a 'midyear’
review of UEC activities and accomplishments.

"One of our major concerns is the supply of on-site housing. An exten-
sive survey was conducted by J. Pine at the end of July to determine user
housing needs in the peak summer period. From the results of this survey
and further discussions with R. Carrigan and others, it was discovered that
present dormitory space is adequate, but that a severe shortage exists in
both family and bachelor group housing ('communes'). These facts were made
known to the URA Trustees at their summer meeting, and several letters
have been written to the Director with suggestions about how additional on-
site housing might be obtained. Tangible results have been the release of
funds for the completion of five more houses on Sauk Circle by this summer,
plus two others which were already scheduled for renovation. At the present
time we are continuing to press for funds to complete the remaining Circle
houses, and when they become available, eight Village houses.

"Another possibility which has been suggested is an arrangement
between an individual university and the Laboratory. For roughly $10,00, a
Village house can be converted for group use. The money would be loaned to
Fermilab by the university with the understanding that people from that uni-
versity would then have prior claim to the use of that particular house. A
portion of the rent would be allocated for repayment to the university of the
loan. Users are encouraged to pursue this possibility with their home
institutions. The UEC also helps set guidelines for housing priorities, and
has made suggestions for the general improvement of the facilities.

"Another perennial issue which has received attention recently is the
question of ERDA control of Soviet Bloc visitor access to the Laboratory.
This has been an unpopular policy with the users for a long time. This year,
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D. Caldwell raised the question with the High Energy Physics Advisory Panel,
and L. Hand is writing a letter to R. Seamens, Head Administrator of ERDA,
requesting that for single-purpose laboratories, the policy for high energy
physics be the same as that for other sciences, i.e., that only State Depart-
ment approval be required.

"In the field of computing, L. Stutte and D. Reeder worked with
J. Sanford and A. Brenner to hold a workshop on the proposed BISON-NET
system. About 75 people attended, and some useful input to this system was
belatedly received. We are now investigating complaints about the Berkeley
computer link,

""At the November UEC meeting, extensive reports were given by
W. Fowler, A. Tollestrup, and J. Sanford on the progress of the Energy
Doubler /Saver. We expect updated versions of these reports to be a sig-
nificant part of the agenda for the Annual Meeting this May. At that time,
plans for user participation in study groups considering the use of experi-
mental areas with the Doubler /Saver will be described. Questions from per-
sons interested in participating before that time should be directed to Sanford
or to members of the UEC Doubler/Saver Subcommittee (L. Stevenson,
G. Kalbfleisch, J. Peoples).

"In discussing the status of the experimental areas, the Committee
became particularly concerned about the shortage of skilled personnel in the
Proton Area where a number of ambitious projects are underway. Since
then, more personnel have been added by the Laboratory. More recently,
unresolved issues include budgetary problems in the Internal Target Area
and the use of overtime in the Meson Area, among others. Users are
strongly urged to bring any new problems to the attention of the appropriate
Laboratory Department Head or UEC Subcommittee member.

""The UEC welcomes comments from users on improvements to the
recreational facilities (particularly during winter months), ways to popularize
the Users Center (now rather lacking in patronage), and suggestions for
improving the UEC itself. Items of general interest can be discussed at our
March meeting and also at the Annual Meeting.

"In closing, the UEC would like to express its thanks on behalf of all
users to the Users Office staff, C. Sazama and P. Hale, whose extremely
competent work has been a major factor in making Fermilab a pleasant place
for those who travel long distances to use it. "

Submitted by L. Hand
Chairman, Users Executive
Committee
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NOTES AND ANNOUNCEMENT S

MORE ON PLANS FOR THE SPRING PAC MEETING. .,

The next meeting of the Program Advisory Committee will be held at
Fermilab on March 4 and 5, 1976. Proposals submitted prior to the January
23rd deadline will be discussed. Many of them will have been presented
orally at the Proposal Presentation Meeting, February 5 and 6. (The Pre-
sentation Meeting is an open one, and all interested physicists are welcome
to attend and to participate in the discussion to the exent time permits. )

The PAC will also discuss the recommendations emanating from the January
15 -16 meeting of the PAC Bubble Chamber Subcommittee. Questions about
any of these meetings should be addressed to T. Groves in the Directors

Office, Ext. 3211.

WORKSHOP ON ELASTIC SCATTERING AT LARGE Pt SCHEDULED.

A workshop on Elastic Scattering at large P, is tentatively scheduled to
be held at Fermilab on April 15 and 16, 1976. It will be held if sufficient
progress has been recorded in the acquisition of data for Proton-Proton
Elastic #1477, and if there is evidence of substantial user interest in experi-
ments of this kind at this time. Currently there are two proposals on hand
which would be considered then: Elastic Scattering #301 and Elastic
Scattering #347.

If it is held as planned, the deadline for submission of all written
materials to be considered at the workshop will be March 12. The meeting
will be open to all interested physicists. For further information, contact

T. Groves in the Directors Office, Ext. 3211,
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1976 ACADEMIC LECTURE SERIES UNDER WAY. .

The 1976 Academic Lecture Series organized by the Fermilab Physics
Department, started this month, and will continue through June. Aimed at
persons at the postdoctoral level and above, the series is comprised of
groupsof lectures on specialized topics. In addition to some theory talks
and some about the user of experimental systems at Fermilab such as
spectrometers, some discussions of what kinds of physics can best be done
at Fermilab, as opposed to CERN II for example, will also be held. Both
Fermilab staff and visiting experimenters will participate.

The lectures are held on Mondays and Fridays at 9:30 a. m. in Curia IL
Anyone wishing to attend is welcome to do so; for additional information and

each week's topic consult NALCAL or call the Physics Department, Ext. 3203.

PROCEDURES FOR EXPERIMENT ERS 1976 NOW AVAILABLE.

The Laboratory has just issued the 1976 edition of the PROCEDURES
FOR EXPERIMENTERS booklet. As in the past, it has been carefully
reviewed and revised, and it contains a rather complete statement of Fermilab
policies and procedures as they pertain to experimenters. Particular
attention is paid to matters of safety.

It is our intention that a copy of this booklet be available to each indi-
vidual who works at Fermilab in the coming year. Copies have already been
mailed to Spokespersons for experiments. We ask that all users, when first
coming to the site, stop at the Users Office (atrium floor east, Central

Laboratory) to pick up a 1976 PROCEDURES booklet, and make other neces-

sary arrangements for working at the Laboratory.
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NEW ASSIGNMENTS.

In accordance with the Fermilab policy of rotating administrative
responsibilities, Frank Nezrick is now Head of the Physics Department.
Peter Koehler will serve as Assistant Head of the Department.

J. Ritchie Orr has been appointed Business Manager of the Laboratory.
He replaces James Finks, Jr., who has become Assistant Head of the

Accelerator Division's Superconductor Group.

HOLIDAY SCHEDULE.

The following holidays will be observed at the Laboratory in 1976:

January 1 New Year's Day 1976

May 31 Memorial Day

July 5 Independence Day

September 6 Labor Day

November 25-26 Thanksgiving Holiday
December 23-24 Christmas Holiday
December 31 New Year's Day Holiday 1977

On these days, all offices at Fermilab will be closed. The operating schedule
for the accelerator and experimental areas will be published in the Current

Operations Schedule issued weekly by the Operations Center.
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Je Ra SANFORO

16 JAN 1976
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oAGE 2 EXPERTMENTAL PRIGRAM STTUATION REPQRT {CONT*D)
ARFA-AFAM SPOXESPERSIN EXTENT OF RUN TO DATE DATE COMPLETED
EMULSION/PI=- 2 200 #362 JAIN 1 STACK 9 JUN 75
FRULSTON P1- 2 200 €3A7 WILKES 4 STACKS 9 JUN 75
EMULSTON/PRDTONS A 400 #7238 LORN 9 STACKS 9 DEC T5
FRILS JON/PROTINS @ 400 €243 NIU T STACKS 9 OEC 75
FMULSTON/PROTONS 3 400 #245 JAIN 1 STACK 9 0EC 78
EMIILS1ON/PROTONS @ 400 #249 wOLTER 3 STACKS 9 DEC 7%
FPULS TON/ PROTDNS @ 4D0 #2851 KUSUMD TD 3 STACKS 9 DEC T5
FMULSION/ PROTONS 3 430 #265 YOUNG 3 STACKS 9 DEC 75
FMILS TON/PROTONS @ 490 #2790 KING 3 STACKS 9 DEC TS
FMULSTCN/ PROTONS 2 400 #292 GOTTFRIED 12 STACKS 9 DEC 15
€MILS 10N/ PROTONS 3 400 8336 0GATA 2 STACKS 9 DEC T5
EMILSION PROTONS @ 400 7346 FKSPONG 1 STACK 9 DEC TS5
F®)LSEON/PROTONS 2 400 #335 PRAKAS H 1 STACK 9 0EC 15
FMULS ION/PROTINS 2 400 #423 SUGIMATO 4 STACKS 9 DEC 75
FMILSICA/ PROTONS @ 400 #420 HERERY 14 STACKS 9 DEC TS
FHULS [ON/ PROTONS @ 400 2434 DAKE 3 STACKS 9 NEC 15
FHILSTON PROTDNS 3 400 #4asl LORN 6 STACKS 9 0EC 75
FMULSIQN/PROTONS 3 400 482 GUACOMELLI 1 STACK 9 DEC 15
FMULS [ON/PROTINS 2 400 #4863 TRETJAKOVA 2 STACKS 9 OFEC TS
oA —PF OMOTOPRODUCTION KB TA LEE 2,500 HOWRS 21 DEC 75
PAPTICLE SEARCH #100A PIROUE 1,150 HOURS 4 APR T4
NI-MION #358 LFE 400 HDURS ) act 78
-pC MUON SEARCH #48 ADBIR 500 HOURS 1 DEC 78
LFPTON #10 LENERMAN 2,800 HOURS L DEC T4
PARTICLE SEARCH A187 LEDERY AY 200 HOURS & NDY T3
NI-MUON r438 ADATR 200 HOURS 29 Ooct 75
178-C-0 PROTON-PROTON SCATTERTNG #3654 con 700 HOURS 24 JUN T3
PHOTON SEARCH B&IA WALKER 21600 MOURS 13 AR TS
PRATON-PRNTON MISSING MASS #4TA SANMES $00 HOURS 2 AUG T3
PHOTON SFARCH 4120 CLIN® 1,200 HOURS 29 MAY T3
PARTICLE SEARCH 41 84 W ANDER ER 800 MOURS 29 MAY T4
PRATON-DEUTERIN SCATTERING 9186 MFL1ISSINDS 45D HOURS 19 AUG T4
PROTON-NUCLECN INCLUSIVE L8R S ANNES 1,050 HOURS 9 MAY 13
o TON-PROTON INELASTIC #221 FRANTINL 950 WOURS S SEP T4
PROTON=NJCLEON INELASTIC 8317 MUKHIN 1,400 HOURS 1 NCY 75
PARTICLE SEARLH w363 OLSEN 650 HOURS 9 APR TS
PARTICLE PRODUCTION £418 SANNES 900 HOURS 22 OCT 75
. seevasernny [YTTTP
A, EXPFRIMFNTS THAT ARF IN PRDGRESS {21):
“a =M TOTAL CROSS SECTION #104 KYCla 1,400 MOURS
-u2 NEUTRAL HYPERON #8 PONOROM 2,500 HOURS
PARTICLE SEARCH 357 MEYER 950 HOURS
INCLUSIVE PHOTON #268 MELLEMA 1,450 HOURS
-3 NEUTRON 2LASYIC SCATTERING #2428 LANGN 1,000 HOURS
-m6 FLAST[C SCATTERING 4594 MARX 2,400 HOURS
~ATHER NUFLEAR CHEMISTRY €81A KAIFMAN 120 BOWBARDMENTS
NA -NEUTR INC 15~FOOT NEUTRINO/HZ 8454 138k PIX
15-FOOT ANTI-NEUTRIND/HZ #314 QERRICK 28K P IX
~MJON/ HADRON  RI-MUON #331 PTLCHER 650 HOURS
~15-F1 15-FDOT F — P 3 300 €343 ENGELMANN ™ P1X
I5-FJ0T P{- - P 3 100 4834 KITAGAK! LK PIX
IS=FDNT P~ - PLNE 2 200 #89 FRETTER AK PIK
~30-IN 30-INFH P - N 3 100 #1994 MURPHY 41K PTK
30-1NCH HYBRIO €299 PLFSS 158K @1X
—OTHFR SUPFR-HEAVY FLEMFNTS #28% LENERMAN 3 TARGETS EXPOSEOQ
TACHYON MONOPILF A202 BARTLETTY CasMIC RAY RUNN ING
SUOTON TOTAL CROSS SECTION #254 CALDMELL 400 HOURS
DI-LEPTIN #7288 LEDERMAN 1,350 MOURS
PHOTON SEARCH #954 €ox 850 MOURS
PARTICLE PRODUCTION W284 WALXER 350 MDURS
“reesaene - .
fe FXPFRI®FNTS THAT APF IN TEST STAGE f11]):
LTI HADRON E TS #7364 MOCKET T 750 HOURS
PILAR1ZED SCATTER ING 461 CMAMBERLAIN 250 WOURS
~uy PARTICLF SEARCH #397 ROSFN 200 HOWRS
4 X 7ERD REGENERATIDN #425 TELEGD ! 350 HOURS
-Mb HANROM JETS #2860 NCLEDD 1,150 MOURS
INCIUSTVE SCATTERING #1184 FRIEOMAN 350 HOWRS
NA -NFUTRINO PARTICLE SEARCH #247 BURHOP
pa -py PROTAN-PROTON ELASTIC 43774 ARFAR 150 HouRS
17A-C-0 PROTON-PRATAN INELASTIC €371 LEE-FRANZINI 200 HOURS
PAPTON-NUCLEON SCATTERING #1984 ILSEN 200 HOWRS
PROTON-SROTON POLAGTZATIAN #313 NEAL 200 HOURS

N.  FXPERTMFNTS AFING INSTALLED {10):

MA -wl
-
TS
NA -NEUTRIND
~1S-FT
Pa -PE
1TA-C-0

.

INCLUSJVF SCATTFRING #1324
PION NISSOCTAT 1NN 4854
Fnes FACTOR Re56

PARTICLE SEARLH F366
MULTIPART ICLE A1104&

NEUTRIND #31D
PAPTICLF SEARCH €379

PAPTICLE SEARCH £300
PARTICLF SFARCH 4325

PROTIN-NUCLEON SCATTERING 4381

. TTTTTY ee
F. FYPRRIMINTS 7O AF SFT DP WITHIN A YEAR [28):

MA -A)
-

"3
~ey

TPy

PARTICLF SFARPCH 354

IMCLISIVE NEUTRAL MESON N350
PARTICLE PRODUCTIDN F4tS
LAMAOA WAGNETIC M MENT M440
PARTICLE SEARCH Fall

PARTICLE SEARCHM #413

PAPTICLF SFARCH 4439

MADPDN JETS #395
AFIITRON-NUCLFUS INFLASTIC #438
TEST X ZFRO REGENERATION #7226

» .
EXTENT OF APPRDVAL

WET SBERG 500 HOURS
LUBATT [ 500 HOURS
STORK 500 HOURS
A3 INS 1,200 HIURS
MCLEND TS50 HDURS
CLINE 14000 HoURs
WAJCTICKT 200 HOURS
CRONIN 600 HOURS
CRONIN 300 HOURS
MALAMUO 300 HOURS
sesenne .-
AAKER 200 HOURS
XENNEY 400 HOURS
PANDRAM 100 HOURS
BUNCE 160 HOURS
GARFL LCK 250 HOURS
GARFLICK 150 HMDURS
SARELT CK 400 HOURS
SELDYE 450 HOURS
JONES 200 HGURS
TELEGDT SDO MDURS



PAGE 3 EXPERIMENTAL PRDGRAM STTUATION REPORT LCONT*OD}

AR EA-BEAM S POKES PERSDN EXTENT OF APPROVAL
~ms HAORON DISSDCIATION 9396 GOUL TANOS 600 HOURS
BACKWARD SCATTERING #290 BAKER 900 HOURS
ASSOCTATED PRIDUCTION 899 OIEBDLD 500 KDURS
NA —NEUTRINO L5~FOOT NEUTRINO/H2 € NE #5348 BALTAY 100K PTX
15-FOOT ANTI-NEUTRIND/H2ENER 172 BINGHAM 50k PIX
~MUON/HADRON  MUON #319 CHEN 500 HNURS
MUON #7198 ANDERSON AO0 HO'RS
~15~-F7 15-FONT PI- ~ ¢ 2 350 #384 HUSIN 50K PIK
15-FDOT Pl~ — P @ 100 #429 MORR TSON 50K PLX
=30-IN 30-INCM P1- = D 3 400 #3393 MORTYASU 50K PIX
30~INCH PRAR -~ P 2 30-4D #344 GuTAY 100K PIx
AO-INCH PBAR - 0 3@ L0O #3453 EKS PONG 100K PIX
I0-INCH Pi+ £ P = & 3 300 #277 BAGNES 100K PY¥
~DTHER FMULS TON/NFW PARTICLES #3864 LORD EMULSION EXPOSURE
PA -PE PARTICLE SEARCH #400 PEOPLES 400 HOURS
~PC MUON SEARCH 4435 ADAIR 750 HOURS
ITA-C-0 PROTIN-HEL JUM SCATTERING #289 MALAAUD 700 HOURS
NUCLEAR FRAGHMENTS #442 TurRkQT 400 HCURS
. D T T T T T

F. OYHER APPROVED EXPERIMENTS 125):

A Mt HANRON OISSOCIATION #272 FERBEL 600 HOURS
-2 LAMROA PILARIZATION P44l PONDROM 150 HALRS
CHARGED MY PERON €97 LACH 500 HOURS
-m6 FORM FACTOR 446 ANKENBRANOT 500 HOWRS
NA ~NEUTRIND 15-FONT NEUTRINO/D2 #1514 SNDW 100K ® (X
15-FO0T NEYTRIND/ D2 8227 ENGELMANN 100K PIx
15-FOOT ANTI-NEUTRINO/DZ 9390 GARF [NKEL 300% PIX
NEUTRIND #7356 BARISH 1,000 HNURS
NEUTRING #253 no 1,000 HOURS
L5-FDOT NEUTRINO/HZ L NE #380 BALTAY 200K PIx
15-FOOT ANTI-NEUTRING/ H2ENFR3DS STEVENSIN 200K PIX
“MUON/MAORON  DT-NUON Ré44 SMITH 400 MOURS
mUON #2074 KERTH 500 HCURS
*YON 9391 KERTH 250 HOURS
~30-1N 30-INCH P - P @ 500 #Z07 ENGELMANN 50k Plx
-OTHFR DETFCT OR DEV ELOPMENT #206 PETFRSON 200 HOURS
P4 -DE PHDTAPRODUCTIDN #4601 GORMLEY 300 HOURS
SHOTQPRODUCT 1IN #1528 HENSCH 150 HOURS
PHI PHOTOPRODUCTTON #263 CHEN 600 HCURS
EMULSTON/ELECTRONS @ HI € 9340 OAKE EMULSTON EXPOSURE
EMULS] ON/ELECTRONS @ >100 %399 GOLOEN 5 STALKS
-pC PARTICLE SEARCH €372 BECKER 1,400 HOURS
-pw PION TNCLUSTVE #2586 # [ROUF BOO HCURS
L-TEST 9307 CESTER-REGGE 400 HOURS
MULTIGAMMA #192 GUIRAGOSSIAN 400 HOURS
. T TT LTy 2 ... - L]
PROPOSALS ARING CDNS TOERED (64 )2 EXTENT DF REQUEST
o -u) DETFCTOR QEVELOPMENT #427 YuaN 50 HOURS
PST PRONUCTION 9452 LUDATTT 400 HOURS
PION SEARCH #A53 FRISCH 60D HOURS
-2 K-SHORT REGENERATION #3151 ARONSON 1,000 HOURS
LAMBDA BFT A OECAY #3641 MARCH 300 HOURS
-4 Ke PRODILTION #449 ABOLINS 600 HOURS
-uy INCLUS IVE X-SHORT #8383 KNBRAK 500 HOURS
-m5 INELASTIC SCATTERING S165 RITSON 475 MOURS
HADRON D1SSOCTATION #3127 EOFLSTEIN 1,00C HOURS
TNCLISIVE SCATTERING #451 BARTON 600 HOURS
NA -NEUTRTNG NEUTRIND #355 BARISH 15400 HOURS
15-FO0T NEUTRINO/H2ENE #1389 TENNER 100K P1X
15-FOOT NEUTRINO/H2 E NF 6455 PETERSON 200& PIX
15-€00T NEUTRINO/HZ E NE #459 Fry 1,020k PIX
1$-FAOT NEUTRINO/H2 I NE €460 HISON 200% PIX
~MUON/HADRDN  PLON DISSDCIAT tON @318 ASCOLT 400 HOURS
HUDN 4348 WILSON 400 HNURS
PARTILLE SEARCH £269 KIRK 700 HOURS
DI-MUON 0443 PLLOCHER 4D0 HOLRS
MION B44R MILSON 300 HOURS
TEST PARTICLE SEARCH #A57 BRANOENAURG 100 HOURS
~1S—FT 15-FIN0T K0=P 3 20-40 F6S ALRRIGHT 250K PIX
15-FONT PI¢ =~ D 3 40 4AS GUTAY 600K iX
15-FOOT K¢ — P @ ML E BI79 ERWIN 300K PIX
15-FOOT P - p @ > OR = 300 #208 TAKIBAEY 756 P X
15-FO0T SIGMA- - P 3 50-2008214 RUSHBRODKE 275k PIX
15-FOOT P - PENE 3 10DA400 #29) MANN S0K PIX
15-FOOT VEUTRIN - P350-250 4303 SEINL 100K PIX
15-FODT PT- ~ P/NE 2 485 4309 ERWIN 250K PIx
15-F00T K= - P 2 270 #7333 RUSMBROOKE 100K PIX
15-FOOT X+ - P 2 200 4334 RIJSHRROOKE 100Kk (X
15-FOOT P1- -P/NE @ 200 4147 KENNEY 210¢ Pix
15-FODT STGMA- - D @ 240 A432 FRIDNAN 60K PIX
-30=IN IN-INCH PEPL= = I 7 3 200 8274 JONES 100K PiX
A0-T4CH P — PLNE 2100-500 4773 DREN 50k PIX
30-INCH PLPI- -PENEALDOE 4004 298 «ALHOTRA 15 PIX
30-1NCH Pl- — W[ I @ 30D #304 WALKER 200k PIX
10-T9CH Ko - B 2 150 AITS RUBIN 400K PIX
30-INCH K- = P 3 150 4176 LuDLAN 500k P1x
30-INCH PL- - P 3 300 #3177 HAFEN 200K PIX
0-INCH P~ = P 2 T3 #3786 YAMAMOTQ 200k P IX
30~INCH PBAR - P2160 OR 20001392 NEALE 100X PIX
A0-INCH PI= - P 3 150 #3971 PLESS 14,000k P1X
30-INCH PBAR - P @ 100 #394 WH [ THORE 2,000€ #1x
20-INCH PI+ = P 3 250 4407 BUGH 00K PlX
20~ INCH PBAR — P 2 75 #408 PLANG 300K PIX
A0-INCH P+ — 0 2 75 #409 WATTS 200K PIX
20-TNCH KeLK- - P 2 75 #4)0 PEVSNER 1,000K o1x
AN-1NCH PBAR - PLD 2 50%90 #422 FRIDAN 450K PIX
A0-INCH PRAR - ¢ 2 150 8447 HULSTZER 100€ PIx
0-INCH K» = P 3 159 8464 GPaRd 400K PIX
0T HER EMULS TON/MUONS @ 50-100 4373 JAIN EMULSTON EXPOSURE
FMULSTONMUONS @ 200 #424 WADA EMUL SION EXPOSURE
P4 -pE SHOTOPRODULT [IN 8450 CALONELL 600 HAURS
POTOPRODUCT ION #45R LEE 700 HOURS

~pC CHAPGED HYPERON 8353 ECKLUND 600 HIIMS
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EXPERIMENTAL PROGRAM SITUATION REPORT (CONT'D)

PARTICLE SEARCH #4865

HADRDN JETS A6

FLASTIC SCATTERING #3001
OI-MUON 8326

ELASTIC SCATTERING #34T
HADRON-NUCLEOM SCATTERING 4420
ELECTROPRODULY 10N #454
NUCLEAR FRAGMENTS 4468

SPOKESPERSOY

BECKER
SELOVE
GETTNER
PIROUE
WALKER
GUIRAGOSS [AN
GUIRAGOSSTAN
K AUF MAN

EXTENT OF REQUEST

500 HOWRS
600 HDURS
1,000 HOURS
4D0 HDURS
1200 HOURS
1+ 100 HIURS
1,500 HOURS
500 HOURS
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RESEARCH ACTIVITIES DURING DECEMBER 1975

Operation of the accelerator and progress on the high energy physics
research program throughout December can best be described as erratic,

A beam instability developed in the main ring early in the month, causing
high beam losses during acceleration and particularly during extraction.
This problem was not understood, eluded extensive investigation and careful
studies, and still plagued operations at month's end. Changes were eventually
made in the magnet ramp which improved the losses, but necessitated a 15%
reduction in pulse repetition rate. In response to a Proton Area research
program requirement, the normal 400-GeV cycle was changed about mid-
December to provide both 200- and 400~-GeV beam spill using a front porch;
operation with this cycle was unstable and was changed several times in
attempts to resolve the poor operation. The Sunday before Christmas one of
the main-ring feeder cables faulted, requiring excavation and extensive
splicing, thereby suspending further running until the 26th, following a
scheduled 55 -hour Christmas holiday standby period.

Following a difficult startup period, which lasted over three days, the
high energy physics research program was resumed without the front porch,
and continued into the New Year. In addition to its erratic operation, the
overall reliability of the accelerator during December was below that
achieved during any month since the inauguration of 400-GeV operation last
July, namely 322 hours of beam delivered during the 588 hours scheduled,
55%. On the other hand, most operation during this period was at intensities

1
above 1.3X10 3 protons per pulse, and in fact a 400-GeV pulse of over



1.84x1 013 protons was achieved on December 20. This is the highest inten-
sity ever observed in the main ring at any energy.

In the Neutrino Area, the hydrogen-filled 15 -foot bubble chamber was
expanded twice each accelerator cycle for work on both the neutrino and
hadron physics research programs. Fast spill was made available on the
horn target for picture taking by Neutrino #45A, while pinged beam was tar-
geted in the bypass for hadron pictures by 15' p-p@ 400-GeV #341. Running
primarily in this double-pulse mode, a total of 46,722 neutrino and 33,774
hadron pictures were taken at the chamber during December, completing the
commitment to Experiment #341. By the end of the month the bypass beam
was being retuned for 300-GeV protons for use by Experiment #343. Simul-
taneously with horn and chamber operation, slow-spilled beam was used to
produce a secondary hadron beam in the N1 line, tuned for 230 GeV/c for
data collection by Di-Muon #331 at the Muon Laboratory. This work was
interrupted on December 9 for about 23 shifts to expose a total of 75 emulsion
stacks at Lab E for 17 experimental groups. The N5 bypass beam, tuned for
400-GeV protons, was used for this exposure. Operation for Neutrino #45A
and Di-Muon #331 experiments was again suspended at mid-month to permit
a one-week run in the Muon Laboratory to complete Particle Search #382.
High-intensity slow-spill beam was directed onto the horn target to produce
muons in the N1 beam for the exposure of 24 emulsion stacks. At the same
time, two pinged-beam pulses were set up to permit the taking of two hadron
pictures per accelerator cycle in the 15-foot chamber. Throughout the month
Tachyon Monopole #202 collected cosmic ray data in their apparatus using the

15 -foot chamber fringe magnetic field.
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The Proton Area research program involved beam use by three experi-
mental groups, Photoproduction #87A, running in Proton-East, completed
the data collection phase of their experiment just prior to the Christmas
holiday break. The P-East line has been off since then for the installation
of equipment for ParticleSearch#300/#325. The installation of Di-Lepton #288
in Proton-Central was essentially completed the first week in December.
After another week of equipment tests and tuneup activity the group began
and has continued with serious data taking work using both the 200 and 400
GeV beam spill when available. Equipment installation for Particle
Production #284 was also completed during the first few days of the month
and after several days of checkout and tuneup they too collected data using
the beam at both 200 and 400 GeV.

Eleven experimenter groups participated in the research program at the
Meson Area. Particle Search #357 ran in a solid data-taking mode through
the entire month, with Neutral Hyperon #8 set up behind them also col-
lecting data during the first three weeks. Particle Search #397 ran two days
in the M3 beam to complete a short preliminary run after which Neutron
Elastic Scattering #24 8 assumed control and started tuneup of the beam and
their apparatus. This group took data using available beam during the last
three weeks of December. In the Mé beam, Inclusive Scattering #118A
completed a successful tuneup and preliminary data run using the single-arm
spectrometer. Polarized Scattering #61 used the M1 beam for one shift to
complete a set up and preliminary data run before turning the beam over to

Hadron Jets #260. The latter group used the multiparticle spectrometer



=22~

branch of the beam for about three weeks of setup and equipment testing work
in preparation for data taking. Hadron Jets #236A also used beam for three
weeks of setup and testing but was forced to suspend further running before
Christmas because of electronics trouble in their proportional wire chamber
system, Similarly, K° Regeneration #425 spent the month doing apparatus
tuneup but refrigerator and cold leak trouble prevented full operation of the
experiment. The Hadron Jets #395 group continued to perform tests on their
calorimeter modules and phototubes using both the M5 test beam and the M1
beamline, while Emulsion#371 exposed two Lexan stacks in the M2 proton
beam:.

The Internal Target Area program was once again mainly one of equip-
ment installation and engineering tests. Proton-Proton Inelastic #3214
installed additional pumping capability on the vacuum system to reduce back-
grounds and conducted further experiments with their warm gas jets to refine
the gas envelope. Proton-Nucleon Scattering #1 98A and Polarized Scattering
#31 3continuedto work on the installation of cryogenics equipment and transfer
lines for connecting the superconducting magnets on their spectrometer when
the accelerator was not running. When beam was available, the upstream
rotating target was used in the day and evening shifts to check out the
operation of their detectors.

Reported by H. Allen
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FACILITY UTILIZATION SUMMARY--DECEMBER 1975

Summary of Accelerator Operations

A.

»

@ H0 0w

A.
B.

Hours
Accelerator use for physics research
Accelerator physics research 48.7
High energy physics research 321.8
Research during other use (50.4)
Subtotal 370.5
Other activities
Accelerator setup and tuning to experimental areas 18.1
Programmed interruption 44.7
Unscheduled interruption 255.
Subtotal 318.5
Unmanned time (Christmas holiday) 55.0 55.0
Total 744.0
Summaries of High Energy Physics Research Use
# of Expts. Hours Results
Counter experiments 20 2356.0 +24 tagged emulsion
stacks
Bubble chamber experiments 3 293.8 80,496 pictures
Emulsion experiments 18 10.4 77 stacks
Special target experiments - - -
Test experiments 1 61.5 Calorimeter tests
Engineering studies and tests 1 4.0 15' bkgnd. tests
Other beam use - 30.4 -
43 2756.1 22 expts. completed
18
Number of Protons Accelerated and Delivered (X 10 )
Beam accelerated in main ring Total 1.219
Beam delivered to experimental areas
Proton Area
@200 GeV 0,005
@400 GeV 0.110
Neutrino Area 0.115
Slow spill 0.273
Fast spill 0.474
0.747
Meson Area 0.206
Total 1.068
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IV. Beam Utilization by Experiment

Hours
A, Meson Area
Neutral Hyperon # 8 111.3 Data (parasitic running)
Polarized Scattering # 61 9.0 Setup & tuning
Inclusive Scattering # 118A 127.8 Testing & tuning
Hadron Jets #236A 202.3 Testing & tuning
Neutron Elastic Scattering #248 197.5 Data
Hadron Jets #260 ‘473.7 Tests & tuning
Particle Search # 357 254.7 Data
Emulsions/Protons @300 GeV # 371 0.8 2 stacks Lexan (complete)
Hadron Jets # 395 Tests 61.5  Tests
Particle Search #397 43.6 Setup & tests
K° Regeneration # 425 Tests 226.6  Tests
B. Neutrino Area
15" Neutrino/H, #45A 181.3 46,722 pictures
Tachyon Monopole #202 - Cosmic ray data
Di-Muon # 331 97.5 Tests & data
151 p-p @400 GeV # 341 106.9 33,774 pictures (complete)
15' p-p @300 GeV # 343 5.6 Setup
Particle Search # 382 76.0 24 tagged stacks (complete)

Emulsions/Protons @400 GeV(17 expts) 9.6 75 stacks (complete)

#238(9), #243(7), #245(1), #249(3),
#251(3), #265(3), #279(3), #292(12),
#336(2), #346(1), #385(1), # 423(4),
#428(14), # 434(3), #461(6), # 462(1),

#463(2).

C. Proton Area
Muon Search # 48 7.8 Data (complete)
Photoproduction # 87A 221.8 Data (complete)
Particle Production # 284 203.7 Tests & data
Di-Lepton #288 170.9 Data
Particle Production # 300 2.0 Tests

D. Internal Target Area
p-N Scattering #198A 89.6 Setup & tests
Polarized Scattering #313 84.6 Setup & tests
p-p Inelastic # 321 55.6 Tests

Total 2721.7

»



MANUSCRIPTS AND NOTES PREPARED

DURING NOVEMBER AND DECEMBER 1975

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.

J. Whitmore et al.

Experiment #2B

G. Bunce et al.
Experiment #8

F. J. Sciulli
Experiment #'s
21, 262, and 320

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

V. Bartenev et al.

Experiment #36

A. Sheng et al.
Experiment #37A

J. P. Berge et al.

Experiment #45

J. P. Berge et al.

Experiment #45

Experimental Physics

Study of the Approach to Scaling and Factorization
in Proton Fragmentation into =¥ (Submitted to
Phys. Lett. B)

~° Hyperon Polarization in Inclusive Production by
300 GeV Protons on Beryllium (Submitted to
Phys. Rev. Lett.)

Highlights of Neutrino Physics: An Experimental
Review (Invited talk presented at the APS Division
of Particles and Fields Meeting, Seattle, August
27-29, 1975)

Search for New Interactions in High Energy Neu-
trino Collisions (Invited talk presented at the
International Symposium on Lepton and Photon
Interactions at High Energies, Stanford University,
August 21-27, 1975)

Measurement of the Real Part of the Proton-
Proton Forward Scattering Amplitude from 80 to
280 GeV By Means of Silicon Position Sensitive
Detectors (Submitted to Sov. J. Nucl. Phys. )

Study of p® Production in High Multiplicity pp
Interactions at 300 GeV/c (Submitted to Phys.
Lett.)

An Experimental Study of Inclusive Hadron
Production in Deep Inelastic Neutrino Proton
Scattering (FERMILAB-Pub-75/84-EXP; sub-
mitted to Phys. Rev. Lett.)

Multiplicity Distributions in High Energy Neutrino
Interactions (FERMILAB-Pub-75/85-EXP; sub-
mitted to Phys. Rev. Lett.)



J. P. Berge et al.
Experiment #45

J. P. Berge et al.
Experiment #45

L. B. Leipuner et al.
Experiment #48

F. E. Taylor et al.
Experiment #63

R. A. Carrigan, Jr.
et al.

Experiment #76 (in
part)

J. H. Klems et al.
Experiment #2418

K. Dziunikowska et al.

Experiment #218

J. Biel et al.
Experiment #305

J. Whitmore
Experiment #3114

J. H. Cobb et al.
Experiment #327

W. W. M. Allison
Experiment #327

An Experimental Study of Inclusive Deep Inelastic
Neutrino Proton Scattering (FERMILAB-Pub-75/
86-EXP; submitted to Phys. Rev. Lett.)

Inclusive Strange Particle Production by wp Inter-
actions in the 10-200 GeV Region (FERMILAB-
Pub-75/87-EXP; submitted to Phys. Rev. Lett.)

Production of Prompt Muons in the Forward
Direction by 400 GeV Proton Interactions (Sub-
mitted to Phys. Rev. Lett.)

An Analysis of Radial Scaling in Single Particle
Inclusive Reactions (FERMILAB-Pub-75/90-EXP;
submitted to Phys. Rev.)

Search for Misplaced Magnetic Monopoles
(FERMILAB-Pub-75/83-EXP)

A Search for Charmed Particle Production in = d
Interactions at 200 GeV/c

Multiplicity Distributions and Double Scattering
Effects in w~d Interactions at 205 GeV

Neutron-Nuclear Total Cross Sections Between
30 and 300 GeV/c (FERMILAB-Pub-75/89-EXP;
submitted to Phys. Rev. Lett. Comments and
Addenda)

Multiplicities and Inclusive and Exclusive Reactions
at Fermilab Energies (Presented at the APS
Division of Particles and Fields Meeting, Seattle,
August 27-29, 1975)

The Ionisation Loss of Relativistic Charged Par-
ticles in Thin Gas Samples and Its Use for Par-
ticle Identification: I Theoretical Predictions
(Submitted to Nucl. Instr. and Methods)

The Ionisation Loss of Relativistic Charged Par-
ticles in Thin Gas Samples and Its Use for Particle
Identification: II Experimental Results (Submitied
to Nucl. Instr. and Methods)
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J. G. Branson et al.
Experiment #331

K. J. Anderson et al.
Experiment #331

D. Buchholz et al.
Experiment #335

G. J. Blanar et al.
Experiment #365

G. J. Blanar et al.

Experiment #365

G. J. Blanar et al.
Experiment #365

C. Quigg et al.

M. K. Gaillard et al.

E. Barsotti

S. C. Snowdon
FN-284

-27-

Dimuon Production by 150 GeV/c 71 and Protons
with a Large-Acceptance Detector (Presented at
the APS Division of Particles and Fields Meeting,
Seattle, August 27-29, 1975)

Production of Muon Pairs by 150 GeV/c v and
Protons

A Measurement of Direct Muon Production in the
Forward Direction (FERMILAB-Pub-75/88-EXP;
submitted to Phys. Rev. Lett.)

$(3.1) Production by Pions and Protons at
Fermilab (Presented by M. T. Ronan at the 1975
SLAC Summer Institute on Particle Physics)

Dimuon Production by Pions and Protons
(Presented by R. Weinstein at the 1975 International
Sympoisum on Lepton and Photon Interactions,
Stanford University, August 21-27, 1975)

Dimuon Production by Pions and Protons at
Fermilab (Presented by D. A. Garelick at the
APS Division of Particles and Fields Meeting,
Seattle, August 27-29, 1975)

Theoretical Physics

Rapidity Gap Distributions and Clustering in Multi-
particle Production (FERMILAB-Pub-75/40-THY;
submitted to Phys. Lett. B)

Comment on Calculations of the Ky, -~ pfl Decay
Rate and the K1 Kg Mass Difference in Gauge
Theories (FERMILAB-Pub-75/68-THY; submitted
to Phys. Rev. D)

General

Auxiliary/Master Microprocessor CAMAC Crate
Controller Applications (Submitted to IEEE Nucl.
Sci. Symposium, San Francisco, November 19-21,
1975)

Physics Note

Mechanical and Thermal Stresses in Doubler
Dipole Magnets



DATES TO REMEMBER

February 5-6, 1976 Proposal Presentation Meeting.

7
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February 20, 1976 Fermilab Bicentennial Lecture Series:
William A. Powers, M.D., Division of
Radiation Oncology, Washington University
of St. Louis. No charge, but tickets are
required and may be obtained in the Guest
Office.

March 4-5, 1976 Spring Meeting of the Fermilab
Program Advisory Committee.

March 31, 1976 Requests for summer accommodations
should be received in the Housing Office.

April 3, 1976 Fermilab Auditorium Arts Series:
Chicago Brass Ensemble. Admission
$3.00, tickets available in Guest Office.

April 15-16, 1976 Workshop on Elastic Scattering at Large
Pt (tentative).

May 6-7, 1976 Workshop on Multiparticle Final State
Experiments (tentative).

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

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

May 20-21, 1976 Proposal Presentation Meeting.

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

June 28-July 9, 1976 Aspen Summer Study on the Use of the

Energy Doubler/Saver (tentative).
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