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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 80o/o of the 8-GeV protons injected into it. This level 

of performance leading to intensities of nearly 2 X 10
13 

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 10
11 

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 cjJ 
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, cjJ, 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 10
12 

protons per 

pulse. In the longitudinal coordinates it is observed above an intensity of 

12 
3 X 10 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 10
6 

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 10
6 

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. Under 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 Q is 
y 

the vertical tune and Qx is the horizontal tune, whenever the relation 

aQ + bQ = c 
x y 

is satisfied, the transverse oscillations will grow and the beam will be 

unstable. In this relationship a, b, and c 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 c as 

large as 97 are important. A diagram of the danger values for Q and Q 
x y 

for values of c 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

-3 rupole current must be held constant to at least 0.03/19.4 = 1.5 x 10 . 

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-

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. 

• 
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Ox , Horizontal Tune 

Instability diagram for the 
Fermilab main ring. Each 
line is identified by the value 
of c. Only those lines which 
c ~ 9 7 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. 

Even if the quadrupole current is regulated to the required precision, 

the accelerator still will not work. This is because the beam ensemble at 

-3 
8 GeV has a spread in momentum of about 2 x 10 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 10
12 

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 µsec 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 



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 called 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 nee:! 
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 1 midyear• 
review of UEC activities and accomplishments. 

"One of our major concerns is the supply of on-site housing. An eld:en­
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 (1 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 forthe 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 $10,000, 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 discussai 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 ANNOUNCEMENTS 

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, 197 6. 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 eitent 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 Pt 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 #177, 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 

groups oflectures 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 

Fermila.b staff and visiting e~erimenters will participate. 

The lectures are held on Mondays and Fridays at 9:30 a. m. in Curia II. 

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 EXPERIMENTERS 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-
~ 

victual 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 SCH EDU LE. 

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

January 1 
May 31 
July 5 
September 6 
November 25-26 
December 23-24 
December 31 

New Year's Day 1976 
Memorial Day 
Independence Day 
Labor Day 
Thanksgiving Holiday 
Christmas Holiday 
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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F.'1ULSIClN/PROf'.J'4S 100 •211 
f,,iiULSION/PAOTONS 300 11242 
f'tl.ULSION/PROTONS JOO 11244 
E,,iiULSfCN/PROTONS 100 11250 
fMUlSION/PROIDNS 300 11175 
EfllllSI OPVPRCYTONS 100 IJ2<t 
flfllLSI ON/PROlONS 100 11'74 
E"JlSIOH/PA.OT:tNS lOO 114lq 
""'-ILSfO~/PROTONS 100 1421 
flll!JLS ION/PROTONS 200 • 2Tl 
Fl'llLS I OW MUONS a SO II 2 .. 5 
r;,,iiuLSI 0~/"4UONS ii 150 f205A 
FfllllSTOJ!l/Pl- a 200 11264 
F"ULSION/PI- a ZOO 1318 
FM!JLSION/Pl- ii 200 l,)q 

SPOl(E S PERSON 

JllEYEA 
STl"lA.I( 
YUAN 
WANG 
FACl(LER 
LUSA TT I 
COLLINS 
YON GOELER 
YA"4ANOUCHI 
'WSCHALOM 
TOLLESTRUP 
GARF LICK 
LONGO 
REAY 
A.OSEN 
LONGO 
GOl:IRI 
LE IPUNEA 
TELFGDI 
GtJSTAFSON 
A ITSON 
ausa 
WOL TEA 
l(fNG 
MALHOTA.A 
JAIN 
HERERT 
l(USU"40TO 
< IU 
LOAD 
TRETJAl(OYA 
RITSON 
OEBE.&UYA t S 
EAATL Y 
JURIC 
FUl(lJI 

Cl INE 

'" E!t.JllOLOY 
BARISH 
PF:TERSOlll6 
XALBflET"S"CH 
8.&RI SH 
SCIULLI 
Cl llrilE 
HAN!) 
ANOE RS ON 
HAND 
HUSON 
•o 
S"ITH 
,,iiALA"UD 
LAJ!IOER 
'!ORA. I SON 
HUSON 
VA'40ER \IELOE 
FIELDS 
l(.&lRFLEISCH 
PLESS 
,,iiAPP 
W AlKEA 
ENGEL,,iiANN 
010 
l ANDER 
YAGER 
FER8El 
1=ER8H 
FIELDS 
s,,iinH 
YE KUTI Ell 
"-F.ALE 
EBERHARD 
FRANZINI 
CARRlliAN 
STEVENSON 
STOUGHTl'4 
Fii.ANKH 
GOEREL 
FRAT I 
VAN GI NNE l(JN 
HUGGETT 
LEIPUNER 
ALL I SON 
CAA.Y 

'" KING 
HEBERT 
LORO 

"" JUN 
l(USu,,iioTO 
ENGE 
TRETJAll:OVA 
DAVIS 
i;uc:o,,iieLLT 
1 lHEL EPD\I 
GOTTFRIE!l 
JAIN 
XUSUMOTO 
YOUltG 
TA.ETJAKD\IA 
WOLTER 

EXTElfT OF RUN TO DATE 

2.150 l<IURS 
qoo HOURS 
'1100 HOIJl:S 
600 HCJJRS 
300 HOURS 
400 HOURS 
150 HCJJRS 
800 HOV'tS 
1,050 HDJRS 
150 HOUA.S 
lo 800 HOIJ; S 
200 HOURS 
lo4SO HOlRS 
t, JOO HOl.lltS 
850 HOURS 
50 HOUll.S 
t ,400 t()UA.S 
500 HCJJAS 
J,SOO HOURS 
150 HCJJAS 
20550 HOUll.S 
800 HWA.S 
4 STACKS 
l ST ACK 
l STACK 
l SUCK 
S STACl(S 
ll STACKS 
ll STACKS 
6o STACKS 
l S7ACllS 
1 PLATES FRO" EXP 1171 
4 EXPOSURES 
S tt:JURS 
2 STACKS 
8 SUCKS 

2 1 850 HIJJll.S 
'HK PIX 
161( P1 X 
214SO H(JJRS 
l'i« Pl X 
550 Hr>URS 
400 HOURS 
500 HOURS 
400 HOURS 
900 HOUAS 
11800 HllJRS 
ZOO HQUll.S 
5711: PIX 
HK PIX 
4791l Pl X 
51lt PIX 
l~K PIX 
5lK PIX 
48K PIX 
52K Pl X 
6"7K Pflt 
511( Pl X 
IOSK PIX 
Slit PYX 
52K PTX 
!Mil PIX 
l 06K PIX 
UK PIX 
72K PIX 
ll'IC PYX 
3lll PU 
I OlK PIX 
lOlK PIX 
t S6K PIX 
q81( PIX 
4 T AAGETS EXPOSED 
140 HOURS 
5 TARGE7S EXPOSED 
6 HDJRS 
l TARGET 
2 T AA GETS EXPO SEO 
2 HOURS 
350 HOURS 
l TARGETS EXPOSED 
50 HOUll.S 
50 HcaMS 
50 HOURS 
l STACKS 
l STACKS 
2 SUCl(S 
8 STACKS 
S STACKS 
1 STACKS 
I ST ACK 
l STACX 
4 STACKS 
2 STACKS 
I STACI( 
l STACK 
l STACI( 
10 STACKS 
1 STACK 
1 STACKS 
2 STACKS 
5 STACKS 
4 STACl(S 

DATE CO,.PlETEO 

28 JAN l'5 
I OCT 75 

16" NCY T4 
20 NOY 74 

6o JUN 15 
1 JUL 75 

26" JUN 14 
Zl OCT 74 

8 'iEP 1l 
2 JUN 75 

1q SEP 74 
5 FEB 15 

20 MAR 74 
2 DEC 74 

24 APR 14 
14 APR 74 
14 APR 75 
11 JUN 73 

S JUL 15 
1 JUL 75 

17 FEB TS 
14 AUG 75 
20 SEP 72 
20 SEP 12 
20 SEP 12 
20 SEP 72 
20 SEP 72 
20 SEP 72 
20 SEP 12 
20 SEP T2 
20 SEP 72 
20 SEP 72 
ll JUN 75 

1 FEB 75 
20 OEC 75 
18 AUG 75 

10 JUN 15 
ll JUN 7S 

2 JUN 7S 
2 NOY 75 

)0 fl60Y 14 
15 OCT 15 
20 "AR 74 

l 0C7 74 
1q "AA. 75 
16 APA 74 
17 FEB 75 
Jq OEC 75 

5 NOV 74 
21 DEC 75 
22 APR 74 

1 JU1116 73 
23 JAN 14 
28 AUG 73 
10 "AR Tl 
26 AUG 75 
Z1 HOV T2 
10 APR 14 
11 "AR 74 
25 JUN 14 
lB JUN 74 
20 OCT 75 
1 OCT 75 

15 MAY 74 
18 SEP 74 
15 APA 74 

6 DEC 72 
11 OCT 75 
28 SEP 7S 

2 NOY 75 
27 JAN 75 

4 SEP 74 
21 JUJril 73 

l OEC 14 
23 NOY T4 

4 JUN 75 
22 Al.I; Tl 
14 NOV 1l 

l FEe 74 
2 NOV 75 

26 JUN 74 
10 JUL 74 
1 Fee 75 

20 OCT 73 
10 JUN T5 
lO OCT 73 
20 0C7 73 
10 JUN 75 
?.O OCT H 
20 ac1 Tl 
20 OCT 1l 
20 OCT 7l 
10 JUN 7S 
ID JUN 75 
10 JUN 75 
24 JUN 75 
10 JUN 75 
16 OCT H 
16 OCT 71 

1 OCT 74 
1 OCT 74 
9 JUN 75 

J. Ra SANFOA.O 

16 JAN l q7ft 



011,r.F EXPEA:JlilENTAL PA:)GA:A"I S1TUATI0"'1 REPORT fC0"'1l'D) 

PA -PF 

-PC 

I TA-C-0 

FllllULSION/PI- ii 200 1162 
F"'1lSIOWPI- a '2QO •lR7 
E"IULSI0"4/PA:Dm"'1S "' 400 •ne 
F"'11.JLS JON./PA:OTrJ"'1S a 400 •241 
F•ULSION/PRQTQN'i ii 410 •245 
flflJl~ION./PA:OTU"IS a 4DO 1249 
F'"'ULSTONIPPOTDNS i 400 •Hl 
t=llllUL\ION/PA:QTD"'5 a 4'.)0 1?65 
FJlll\JLS TON/PA:OT0"'1S a 41)0 •27Q 
t=lilULSICN/PA:(lTQNS a 400 1292 
E.,..llSION/PA:OT!lNS ii 400 Ill~ 
E~LSIONIPA:OTQNS a 400 l!.46 
F'"IJLSION/Pll.QTONS a 400 1185 
F"llJLS ION/PRDTJNS a 400 1423 
FltlULSIC,.,/PA:OTO'-!S a 400 142A 
FlllULSION/PA:QTO'-!S a 401) 1414 
FIULSION/PA:OTO'-!S a 400 u.t-1 
F"'ULSIQN/PA:OT0'-15 ii 400 146? 
F"IULS !(lN/PROTl'-IS J 400 14~3 

P<1(lT0PA:OOUC T I0'-1 •BT A 
P .. PTICLE SEA.A:t:H llOOA 
nt-11.JON 1151'1 
JlllltJJ'-1 ~EAA.CH •41! 
LFPT0'-1 no 
PARTICLE SEAPCH •187 
fH-lllUON 1436 

PROTON-PA:OTON SCATTEA:TP<tfi •le.A 
l"HCTON S!'4A:CH •6H. 
PRflTON-PA:r)T0'-1 "llSSING lllA'.'iS 1~7A 

t'MOTON SFAPCH U20 
PAIHICLE SEl.R~l-I 1184 
PRflTON-OEUTElf'.l'll SC:ATTERl'-!G '186 
Pll(lT0'-1-NJCLEON I'-!CLUS IYE llBA 
OP('f0'-1-PROTON INEL4STIC 12.?l 
PROTON-l'tJCLECN IN ELI.ST IC 1317 
PUTTCLE SEAA:~H 11611 
PAA:TICLf PROOUCTl0'-1 1418 

-16-

SPOltESPERS'.J" 

JA.I'-1 
lllLl<.E S 
LOA:O 
.. w 
J A l'-1 
WOL TEA. 
ll(USU"'4DTD 
YOUNf. 
11;1 NG 
GOTT Fil I ED 
OGATA 
Fll:SPO .. G 
Pll.4.1<.ASH 
SIJG!JllllOTO 
HEREA:T 
DA.l<.F 
LOA:O 
GIAC0'4Elll 
TRF.T JAl<.DYA 

LEE 
PIROUE 

"' ADAIR 
LEOEllJllllAlrf 
LEDEA:~A~ 

AOA IA: 

cont 
.. Alll;EA: 
SAN .. ES 
CL 1Nt:. 
'llAJlolOERER 
llllFLI SSINOS 
S A .. NES 
FR,NllNI 
"IUll(H('\I 
OLSEN 
Sl.N"IE S 

EXTENT OF RUN TO DATE DATE CO"IPLETED 

I ST ACk 9 JUP<t 75 . STACKS CJ JUN 75 
9 STACKS 9 DEC T5 . STACltS 9 DEC 75 
I STACI<. 9 DEC 15 
l STACKS 9 DEC " 3 STAC11;S 9 DEC T5 

' STACKS 9 DEC 15 

' STACKS 9 DEC T5 
12 STAC11;S 9 DEC " 2 ST AC11;S CJ DEC T5 
I SU.Cit 9 DEC 75 
I STACK 9 OEC " . SUCKS 9 DEC H 
14 STACl'tS 9 DEC T5 
J. ST ACl<.S Q DEC " 6 STACltS 9 DEC 15 
I ST'AC'<. CJ OEC " 2 STACKS CJ DEC 75 

21500 HOURS 21 DEC 15 
l ol'50 HOORS 4 APR 14 
4DO HOURS I 00 15 
500 ~URS I DEC " 2, 800 HOURS I DEC 14 
200 HOURS 6 NOY n 
20D HIJJRS 29 OCT 75 

TOD HOURS ,. JUN 1l 
?0600 ~URS B llllAR " 600 HOURS ~ AUG H 
l,200 HOURS 2CJ JllllAY 13 
800 ~URS 29 ... ...., 74 
45D HOVll.S .. AUG 14 
loD50 HnUP.S 9 JllllAY B 
95D HCJJRS 5 SEP " l,400 HOURS l NCY 75 
650 ~URS CJ APA: 15 
9DO HOUR'S 2Z OCT 1'i ..................................................................................................................................... 

R. ErPFCll"lf'-!f'i: THAT AA:F IN PROGA:FSS 121'~ 

""A -"II Tl'JT'Al CROSS SECl IOP<t 1104 l(.YCIA l,4DD HOURS 
-•2 '-IEUTRAL l-IYPERIJP<t 18 PO'-!Oll.0"1 2 0 500 ~Ull.S 

PARTICLE SFARCH •J.S7 "4E YER CJ50 HOURS 
INCLUSI IA: Pl-ICJl'ON 1268 JllllELLE"IA 1,450 HIJURS _,, 
'-IE!JTRCl'-1 ~lASTlC SCUTERING 1248 l flNGn I ,OOD HCJJRS 

-·· HAST IC SCATTf.R.lNG •&'9A UR)( 2 040D HOURS 
-'lTHFA: '-!urLEAll. Cl-IEJllllTSTRY 1181 A I<. Al\F ... AN 12D BO•IUR.f:ll'IENTS 

P<tA -i'tEUTR INC 15-l="OOT P<tEUTRINO/H2 14'5A ROE l 381t Pl X 
IS-FOOT ANTl-P<tEUTRIP<tO/H2 •HA '.)EA.RICI<. Z&K PIX 

- '41.J ON/ HAD A:ON P,!-MUON 1331 PI LCHE A: 650 HOURS 
-15-FT 15-t=O(IT P' - P i 3~i:r 13n E'-!GEL"IA\l"\I 7( Pl i: 

15-F'.JOT Pl- - P ii I OD 481A It IT AGAl<.I "' PIX 
l<i-FIJflT Pl- - Pt'IE a 200 ... FA:FTTER .\II; Piii( 

-10-1 i't ~r'J-IP<trH P - n ii I 00 •19'!1 "IURPHY 4111; Pl II( 

lr'J-1'11CH HY8A: ID IZCJ9 PLl="<;S l 58K PIX 
-OTHFR SlJPFA:-Hf.AVY FLEllllFIHS 1285 LEOFR"4A'll l TARGETS EXPOSED 

UCHYON '40NOP'.lLF 11>0~ 8ARTLF.TT COSJlllllC RAY CIUN'-l(~G 

Pl-lf"!T0'-1 TOT Al CROSS SECT10fll 925A CALDWELL 400 HOUllS 
-11: OJ-tEPTl)r; nae lEl'.JEA:"l'N Io 350 ~URS 
-oW PHOTON SEARCH 1'9S4 CO< 85D l-IOURS 

PARTICLF PA:ODUCT!ON 11284 WALKER l5D HOURS ............................................................................................................................................ 
r:. FXPJ"ll:l"'FNTS THAT APF I'-! TEST STAGE fll B 

llllA -•I 

"IA -"IFUTA:IN(l 

IH,-C-0 

HADRD'-1 ~TS 1;1'1~1\ 

PnLARIZEn SCATTE~ l'\IG 4'61 
PA'l:TICLF SEAA:CH 0~7 
I( 7FRO REGE'-!ERATI0'-1 1425 
HAnPOP<t JETS 1112'-D 
IP<tCIU'.'il\IF SCATTEJHNG lll8A 

PARlICLE 'SEARCH 111247 

PA:OTON-PA:llT0'-1 1'-IELA'>TIC •1?1 
PRrTON-NJCLECJ.4 SCATTERfNr, llllCJ8A 
PR'llt:'"'-l>QDT(lN POLA"llATl'lP<t 131'5 

'40CltETT 
C"IA"IRERlAIN 
ROSFN 
TELFGD I 
"IClt:.OCI 
FRIEDJllllAN 

8Ull:HOP 

LEE-Fll:ANllP<tl 
Ill SEN 
NEAL 

150 ~URS 
250 HO~S 
2DO HOLll'i 
l5D HOORS 
l,150 H'1~S 
J.50 ~IJRS 

150 l-IOURS 

200 HOURS 
100 HOl.11 S 
2'00 HOORS .................................................................................................................................... 

n. FlfPEA:IJllllFNTS RFING IP<tSTAUEO flCll: EXTE"IT OF APPROVAl 

"IA -Ml TNrLUS JVF S(ATTF~IP<tG tl24 'llE1 SRER.G .. , t-OURS 
P1 f1N f11 SSOC I AT Ill'll IB~A LUl'IAT'l 500 HOURS 
Fn11,. FACTOP •r..Si!i ST ')RI( 5DO HOURS 
P.ASITlr:lF SEAflCH 1)1!!6 ''°' !'-IS 

I 0 200 HrlURS 
"llLTIPAllTIClE lllCIA "ICLEIJO 150 HOIJR S 

"'A -P<tEUlllHIO 1.iflJTR IND lllHD Cl !NE 1,000 HOUFIS 
-15-l'T PJ\PTl(:LF SEARCH 137Q ,.'lJC !Cl<. I ?00 HOURS 

PA -Pl:' PAPTICLE SEARCH 11!.00 C FIONIP<t '" HOUll.S 
f'A'l.TICLF SFl.A:CH 1325 CRO'-!Y't '" HOURS 

ITA-C- 0 Pll.f'f3'4-"'UCl EflloO SCATTER ING ll8l "IALAJllll\JO lOD HOURS .................................................................................................................................... 
"• flfPFRl~fNTS Hl !lf SF7 l)P 'lllTHlN A YE .. R OAI: 

PAPTICLF SFAl>CH 1354 
INl"lJS JVE NEUTRAL "lf.SDP<t 11~50 

P4.l'!TICLE P'l.00\JCTIO"" •415 
LAllROA ~AGNET IC •Q"4EJlolT 1440 
PARTICLF SEARCH 111411 
PARTICLE SEAllCH 111413 
l'U'Tlt:LF SFARCH 143CJ 
<1Af)P01" J!:. Ts 0~5 
"FIJfA:(lP<t-fo4UCLRJS IP<tl'l.ASTIC •4111 
TFST I( ZFRO A:EGENEP:AflflN •>26 

AA KER 
'(f .. NEY 
Pnl.IPRnl'I 
au~r.E 

GA'l:Fl IC.I<. 
GARF LI Cl<. 
:;AA:ELI CK 
SELOYE 
JONES 
TELEGOt 

200 ~OURS 
400 HOURS 
IDO l-IOUll.S 
160 HDUll.S 
?50 HOURS 
l 50 HOURS 
400 HCUA:S 
45D HOUR.S 
200 ~OURS 

500 H')UR S 

'" :Ii 

~ 



PAGE EXPEAP'IE"ITAL PROGRAflll STTUATIOfol AEPOAT lCOfolT•OJ 

AAU-9EAflll 

-"'!I HAOAON OISSOCJATID"I O'll6 
8AOa•AAD SCATTEAING IZ'JO 
ASSOCIATED PAJOUCTION l'll'll 

folA -ltEUTillNO l"i-FOOT folEUTRINOIM2 t NE •HA 
1'>-FOOT l"ITl-"IElJTll:INll/l-IZtNEl l72 

-"UOH/HAOAOfol ,llUOfol fH'll 
flll\/[)"I 11198 

-15.-FT 15-FOOT Pl- - P a 350 1384 
15-FOOT Pl- - P i 100 1419 

-30-IN 30-TNCH PT- - 0-' 400 1338 
31)-[NCH PAAR - P a 30-60 1344 
110-TNCH P'U" - 0 iii LOO 1345 
~C!-T"ICH Pl+ t P - P i lOO 1277 

-OTHEA F""JLS IOfol/Nflf PART IQ.ES 1386 

PA -PE PARTICLE SEARCH 1400 
-PC .-uoN SF.ARCH 1415 

ITA-C-0 PROT]N-HELIUJl'I SCATTERING 1299 
NUCLEAR FRAG~F.NT~ "442 

SPOKES PERSO .. 

(';OIJl I ANOS 
RAKER 
Olf60LO 

BAL TAY 
81 NGHAJl'I 
CHEN 
A~llERSOfol 

HUSl1N 
"40RR ISON 
fll!ORIVASU 
C'iUTAT 
EKSPO"IG 
8All:NES 
LOA(l 

PEOPLES 
ADAIR 

Jl'IAUl'IUO 
TURKOT 

EXTENT OF APPROVAL 

600 HOURS 
900 HOURS 
500 l"OUAS 

I 01)1( Pf'( 
SOK P TX 
500 Hr.URS 
~OD HJ!llH 
50K PJJ; 
50K Pl X 
<;iOK PIX 
LOOK PIX 
LOOK Pl X 
LOOK PT.I' 
F"VLSION fXPOSUAE 

400 +<OURS 
7<;i0 HOURS 

700 HOURS 
400 HCURS .................................................................................................................................... 

F. OTHER APPROVEl'l F.XPERIJl'IENTS 1251: 

fll!A -fllll 1-!AORON DISSOCIATION 1272 FER6EL 600 HOURS 
-•P LAflllfll)A PJLAAllATfON 1441 POND RO"' J'jO l10URS 

CHARGED H'I' PfAON ,., LACH .ao +<OURS _,. F01'1"1 FACTOll: .... A"ll<EN8RANOT 500 l-IOURS 

NA -"IEUTRIN:'.I J'j-J:OT)T NElJTRI N0/02 I l '5lA SNOW LOOK PIX 
15-FOOT NEIJTAIN0/02 1227 F.NGELMNN LOOK "' 15-FOOT ANTl-NEUTRIN0/02 1190 GARFINKEL 3000: "x 
NFUTR !NO 11156 BAR I SH \ ,000 HOURS 
NEUTRINO 1253 ,. l,000 HOURS 
l '5- FOOT "lfUTR I "10/H2 ' .. 1380 6AL TAY 200K "' 1 <;i-FQOT ANT 1-NEUTA IND/ 1-1ZtNFl388 STEYE"ISJ"I 7001( Pl X 

-flllUON/HADRON flf-fllltlQN 1444 Sfllll TH 400 H(llJRS 
OOJON 12011A l(!'RTH , .. +<CUR<; 
.llUON I 391 KERTH 7<;i0 HOIJR<; 

-lO-IN 10- l"ICH P - p i 500 1207 ENGE Ll'IANN ,., p" 
OFT FCT OR OEV FL OPflllENT 1206 PETFRSON 200 HnURS 

PA -r>F PMOHIPROOUC.TIDN 1401 GORJl'ILEY 300 HOURS 
PHOTOPROOUCT !!JN 11'528 '"IEllSCH ~50 t10Ull:<; 

""' PHOTOPRDOO CTT ON 111261 CHEN 600 HCURS 
EfllllJLSION/ELECTR!JNS ii Ht ' 1340 OAKE E~ULSION EXPOSURE 
E~ULSI ON/ELECTRONS ii > 100 1399 GOtOEN 5 ST At:KS 

-PC PARTlCLE SEARCH 13'2 l!ECIC:ER } ,.C.00 11JURS 
PION T "IQ._IJS IVE 12<;8 P IROIJF 800 HOURS 
r,-TF ST 1107 CEST ER-II.EGGE 400 !-'OURS 
fll!Ul TI r.Aflll•A 11'12 GUIR1GOSSIAN 400 HOURS .................................................................................................................................... ...... -.. 11 ........ ;e.-. •• -...................... 11·································~··············,.;···················· ................... . 

PROPOSAL<; ~FlfolG CO"IS IOEREO 164 J: EXTE"IT 0" REQUEST 

•A -'11 OETFCTOR OEVELOPflllENT 1427 
PST PRf7fJUCTION 145~ 

lo'IJON <; EARCH 14<;3 -•?. 11'-SHOIH REGENERATION IHI 
lA,..ROA 6FTA DECAY 1161 
K• PROOll. TIOlrl 144'll 
INCL US IVE K-SHORT 1)83 
1Nl'LA5TTC SCATTERlNl'i •t6<;i 
HAflRON fllSSOCloHTON t'\17 
l"Cl.'JSIVE SCATTE"t ING 14'51 

NA -NEUTRINO NEUTRINO 1355 
!<;-FOOT NfUTRIN0/142tNE r38<J 
l "i-FOOT NEUT Rf NO/H2 t "IF 1455 
15-FOOT NEUT1'1llrl0/M2 t NE f4'j9 
l"i-FOOT "IEUTRINO/M2 r. NE •460 

-l'IUON/HAflRON PION DISSOCIATION 13111 
"'LION 1348 
PARTll:Lf SEARCH fl6"' 
l'll-Jl'llJON 1.-.4'\ 
Mllfl"f 144R 
TE<;T PARTICLE SEARCl-I -451 

-L5-FT 15-FJOT 1(1)-P 31 ZO·liO f6"i 
15-FQl)T Pit - 0 ii 41) 111'15 
l"i-fOOT Kt - P ii 111 E 11179 
15-J:OOT P - P a > flR 300 1208 
l'i-FOOT S IGflllA- - P ii 5C>-21)012l.C. 
l..,_Fl)OT P - l'tNE ii 1001.400 12'lll 
l"i-FOOT l/EUTR]N - Pil'i0-250 1303 
l<;i-FQOT Pl- - P/ .. E a 485 1309 
15-Fl)OT K· - P ii l'IO I 1131 
J "i-FOOT K+ - P 31 200 I 334 
!..,_FOOT Pl- -P/folE ~ 200 IHI' 
l"i-FOOT SIGflllA- - 0 ii 240 •412 

-30-IN V'.1-INCH ptpf- - 111 l ii 200 1224 
'\0-1'4CH P - PtNE iill00-500 17Tl 
110-!NCH PtPl- -Pt:P0:H00!:4001290 
30-INCH Pl- - Hf l 31 300 130.C. 
't,(}-f .. CH Kt - P iii l<;iO 11'5 
JO- INCH K- P ~ I '50 IH6 
JC>-l"ICH Pl- - Pi 300 •'\TT 
lO·l"ICH Pl- - Pit T5 13T8 
30-INCH PIUR PU60 OR 2001Jq2 
1~1 .. CH Pl- - P ii t<;iO IJ9't, 
30-l"ICH PIUR - P i 100 l]"q4 
110-INCH Pl+ - P ii 250 14{l7 
'\C>-l"ICH P8AR - P ii T5 1408 
'.\Cl-INCH Pl+ - P ii T5 1409 
'.\0-T~CH KttK- - P ~ 1'j 1410 
lfl-l"ICH P8AA PtO ii 50'.!'JO 1422 
10-INCH PllAR - P ii L50 1447 
'\O-l"ICl1 I(• - P ii l 5') 1.-.64 

~HER F"'l\lLSIO"l/flllUl'lNS ii 5C>-100 1]73 
Ffll!ULSI OWltUONS ii 200 1424 

PA -PE P1-10TOPROOuCT IJ"I 14~0 
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RESEARCH ACTIVITIES DURING DECEMBER 1 975 

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 5 88 hours scheduled, 

55%. On the other hand, most operation during this period was at intensities 

13 
above 1.3X1 O protons per pulse, and in fact a 400-GeV pulse of over 



1. 84Xi oi 3 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 i 5 -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 i5 1 p-p@400-GeV #34i. Running 

primarily in this double-pulse mode, a total of 46, 7 22 neutrino and 33, 774 

hadron pictures were taken at the chamber during December, completing the 

commitment to Experiment #34i. By the end of the month the bypass beam 

was being retuned for 300-GeV protons for use by Experiment # 34 3. Simul-

taneously with horn and chamber operation, slow-spilled beam was used to 

produce a secondary hadron beam in the Ni line, tuned for 230 GeV /c for 

data collection by Di-Muon #33i at the Muon Laboratory. This work was 

interrupted on December 9 for about 2i shifts to expose a total of 75 emulsion 

stacks at Lab E for i 7 experimental groups. The N5 bypass beam, tuned for 

400-GeV protons, was used for this exposure. Operation for Neutrino #45A 

and Di-Muon #33i 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 Ni 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 i5-foot chamber. Throughout the month 

Tachyon Monopole #202 collected cosmic ray data in their apparatus using the 

i5 -foot chamber fringe magnetic field. 
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The Proton Area research program involved beam use by three experi­

mental groups. Photoproduction #87 A, 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 #248 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 M6 beam, Inclusive Scattering #11 SA 

completed a successful tuneup and preliminary data run using the single-arm 

spectrometer. Polarized Scattering #61 used the Mi 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 
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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
0 

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 MS test beam and the Mi 

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 #321 

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 #198A and Polarized Scattering 

#313continued to 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 

I. Summar;-i:: of Accelerator Operations 

Hours 

A. Accelerator use for physics research 

Accelerator physics research 48. 7 
High energy physics research 321.8 
Research during other use ~) 

Subtotal 370.5 

B. Other activities 

Accelerator setup and tuning to experimental areas 18.1 
Programmed interruption 44.7 
Unscheduled interruption 255. 7 

Subtotal 318.5 

c. Unmanned time (Christmas holiday) 55.0 55.0 

Total 744.0 

IL Summaries of H~h Energ;-i:: Ph;-i::sics Research Use 

#of Expts. Hours Results 

A. Counter experiments 20 2356.0 +24 tagged emulsion 
stacks 

B. Bubble chamber experiments 3 293.8 80,496 pictures 

c. Emulsion experiments 18 10.4 77 stacks 

D. Special target experiments 

E. Te st experiments 61.5 Calorimeter tests 

F. Engineering studies and tests 1 4.0 15 1 bkgnd. tests 

G. Other beam use 30.4 

43 2756.1 22 expts. completed 

III. Number of Protons Accelerated and Delivered ( x 10
18

) 

A. Beam accelerated in main ring Total 1.219 

B. 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 i.068 
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IV. Beam Utilization b~ Experiment 

Hours 

A. Meson Area 

Neutral Hyperon # 8 111.3 Data (parasitic running) 4 

• 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 # 2 60 ·173. 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 # 39 7 43.6 Setup & tests 
K0 Regeneration # 425 Tests 226.6 Tests 

B. Neutrino Area 

15' Neutrino /H2 # 45A 181.3 46, 722 pictures 
Tachyon Monopole # 202 Cosmic ray data 
Di-Muon # 331 97.5 Tests & data 
15 1 p-p @400 GeV # 341 106.9 33, 774 pictures (complete) 
15 1 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 # 87 A 221.8 Data (complete) 
Particle Production # 284 203. 7 Tests & data 
Di-Lepton # 288 i 70.9 Data 
Particle Production # 300 2.0 Tests 

D. Internal Target Area 

p-N Scattering # 198A 89.6 Setup & tests ii 

Polarized Scattering # 313 84.6 Setup & tests 
p-p Inelastic # 32i 55.6 Tests 

Total 2721. 7 
"' 



MANUSCRIPTS AND NOTES PREPARED 
DURING NOVEMBER AND DECEMBER i975 

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 
2 i, 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 "IT± (Submitted to 
Phys. Lett. B) 

/\
0 

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, i975) 

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 8.0 to 
280 GeV By Means of Silicon Position Sensitive 
Detectors (Submitted to Sov. J. Nucl. Phys. ) 

Study of p0 Production in High Multiplicity pp 
Interactions at 300 GeV le (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 #218 

K. Dziunikowska et al. 
Experiment #218 

J. Biel et al. 
Experiment #305 

J. Whitmore 
Experiment #311 

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 I 
86-EXP; submitted to Phys. Rev. Lett.) 

Inclusive Strange Particle Production by ip 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 ir -d 
Interactions at 200 GeV /c 

Multiplicity Distributions and Double Scattering 
Effects in ir-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 (Submitted 
to Nucl. Instr. and Methods) 

" 

.. 



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 
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Dimuon Production by 150 Ge VI c rr + 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 rr+ and 
Protons 

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

Y,(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 KL - µµDecay 
Rate and the KLKS 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 



February 5-6, 1976 

February 20, 1976 

March 4-5, 1976 

March 31, 1976 

April 3, 1976 

April 15-16, 1976 

May 6-7, 1976 

May 7, 1976 

May 14-15, 1976 

May 20-21, 1976 

June 19-25, 1976 

June 28-July 9, 1976 

DATES TO REMEMBER 

Proposal Presentation Meeting. 

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. 

Spring Meeting of the Fermilab 
Program Advisory Committee. 

Requests for summer accommodations 
should be received in the Housing Office. 

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

Workshop on Elastic Scattering at Large 
Pt {tentative). 

Workshop on Multiparticle Final State 
Experiments {tentative). 

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

Annual Meeting of the Fermilab 
Users Organization. 

Proposal Presentation Meeting. 

Extended Summer Meeting of the Fermilab 
Program Advisory Committee (Aspen, 
Colorado). · 

Aspen Summer Study on the Use of the 
Energy Doubler I Saver (tentative). 
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