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PHYSICS OF THE ENERGY DOUBLER/SAVER

Whenever a new accelerator is proposed, one of the first questions an
experimentalist asks is '"Is the energy range appropriate for interesting
experiments?'" An answer can be given for the Fermilab Energy Doubler/
Saver by selecting the most significant experiments which have been done in
elementary particle physics since 1972, and seeing whether the Energy
Doubler will be an appropriate facility with which to follow up on the most
promising leads which these experiments have uncovered. Five experi-
mental discoveries of unquestioned importance are:

--Weak neutral currents

--Narrow resonances

--Unexpectedly large secondary muon/pion ratios

--Dilepton production by neutrinos

--Unexpectedly large cross sections for particle
production at large transverse momenta in hadron
collisions

Although each of these discoveries came as a surprise, there were
theoretical ideas that predicted the gross features of the phenomena. For
example, gauge theories predicted the existence of weak neutral currents.
This type of theory, which unifies electrodynamics and the weak inter -
actions, establishes a mass scale for the weak interactions since it predicts
the mass of the intermediate vector boson. Clearly, this is a promising
and exciting lead that should be investigated further.

The results of experiments that have already followed up on the
above-mentioned discoveries have not always been in harmony with the

theoretical ideas which were initially advanced to explain the discovery.

I'or example, the explanation of the narrow resonances as pbound states of a



charmed quark -antiquark is both appealing and consistent with many of the
facts, but the theory of charmed quarks predicts that charmed particles
should exist with masses between 2 GeV/c and 3 GeV/c. Production of
these particles should be possible at energies presently available at Fermi-
lab, the ISR, and SPEAR. That they have not been discovered presents a
serious difficulty to that theory.

The physical laws which describe these new phenomena could well be
even more complex than the theoretical framework which now exists. These
results suggest that a new scale of masses has been reached. The present
energy of the Fermilab accelerator, 400 GeV, certainly extends into that
domain, but it does not span it, as the following example shows. Gauge
theories predict that the mass of the charged intermediate vector boson,
Wi, is greater than 37 GeV/cz. Experiments using 150-GeV neutrinos pro-
duced by 300-GeV protons have ruled out the existence of a Wi particle less
massive then 10 GeV/cZ. Improvements in those experiments which can
now be done with neutrinos produced with 400-GeV protons will raise the
limit to 30 GeV/cz. However, if 1000-GeV protons were available at an
intensity of 1012 protons /sec, a useful flux of 750-GeV neutrinos could be
obtained. The same type of experiment would be sensitive to the existence
of the W™ if its mass were < 60 GeV/c".

Such an accelerator, equipped with superconducting magnets, could
produce a circulating proton beam with an energy of up to 1000 GeV. A
wide variety of measurements could be made with the internal target at the

C-0 straight section of the Doubler during the acceleration cycle. The



experiments would have to be modest in size in order to fit either into the
main-ring tunnel or into the new spectrometer room which has been built to
accommodate a 6-GeV spectrometer. This spectrometer can be used for
observing recoil protons from various p-p scattering processes. Threshold
effects can be detected, since the processes can be studied at any energy
between 300 GeV and 1000 GeV. Very low-momentum recoils can be meas -
ured with solid-state recoil spectrometers. In turn, this permits very pre-
cise measurements of p-p elastic scattering and related exclusive and
inclusive processes.

It is proposed to extract a beam of 1000-GeV protons to both the
Neutrino and Proton Areas. Ninety per cent of the protons could be trans -
mitted to the Neutrino Area in a single sharp spike or in a sequence of
millisecond spikes, while the remainder of the beam could be slow-extracted
to the Proton Area. The fast beam could be used with either a proposed
high-energy dichromatic beam or a broad-band focusing system to produce
neutrino beams for the 15-foot bubble chamber and for electronic detectors.
The remainder of the beam, slow-extiracted to the Proton Area, could in
turn be split and transported to targets in all three branches of that area.

A high energy, high-intensity pion beam is scheduled for construction
in Proton- West next year. This beam, which will contain superconducting
magnets, has been designed for a peak energy of 1000-GeV when all magnets
are in place. It will also have the capability of operating as a high-purity
electron beam. Upstream of the secondary-beam production target, there

are two transmission target stations which are presently used to study
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inclusive particle production and elastic scattering. The Proton-East branch
contains a broad-band photon beam and a tagged photon beam. The Proton-
Center branch contains an area for the study of rare processes such as mas -
sive lepton-pair production by protons, and hopefully a hyperon beam in the
future.

Rather than consider the many possible experiments which could be

done at energies up to 1000 GeV, only the experiments and the facilities

which bear upon the discoveries already mentioned will be discussed in the

following paragraphs.

Neutrino Physics

W Particles. As mentioned before, the discovery of weak neutral
currents makes it plausible that some type of gauge theory is correct. On
the basis of these theories, the w* mass is expected to be between 40 GeV/cZ
and 60 GeV/cZ. In a typical week of operation with the Doubler, it will be
possible to target 1017 1000-GeV protons. On the basis of the extrapolation
of pion and kaon production at present Fermilab energies up to 1000 GeV,
the neutrinos produced by such exposure would produce several hundred
events per week with a total energy greater than 750 GeV in a detector
involving about 1000 tons of iron. The measurement of the qZ dependence
of the neutrino cross section obtained from these events will be sensitive
to the existence of Wi— bosons if the W mass is less than 60 GeV/cz.

Narrow Resonances and New Particles. Gauge theories predict that

either a strangeness-changing neutral current exists or that additional

guarks conspire to suppress the strangeness -changing neutral currents,



Experimentally, the strangeness-changing neutral currents, if they exist,
are several orders of magnitude weaker than the strangeness -nonchanging
neutral currents. Therefore, new particles such as charmed hadrons
should be expected. The narrow resonances may be related to such a family
of particles.

The energy dependence of the total neutrino cross section can be a
good indicator of such new phenomena. In the energy range of1 to 100 GeV,
the cross section is proportional to the energy; the constant of proportionality
is O.78x10-38cm2/GeV. If a family of charmed particles with masses
between 2 to 3 GeV/c2 exists, this proportionality constant will increase
significantly in the energy range between 100 GeV and 750 GeV.

The 15-foot bubble chamber filled with either liquid hydrogen or
deuterium should be an excellent detector for these new particles. The
neutrino can transform a proton or a neutron into a charmed baryon very
cleanly. Other than the outgoing p_, there may be no other particles. On
the cther hand, for charmed particles to be produced by hadrons, they must
be produced in pairs. Moreover, there will probably be a few more pions
produced, to make such an event complicated and difficult to interpret. On
the other hand, the neutrino-induced event in hydrogen or deuterium will be
simple and siraightforward to interpret.

Dilepton Phenomena. The neutrino-induced dilepton events seen in

the present electronic detectors should be studied in much more detail.
Measurements of the dynamics of their production over the full range of

neutrino energies can be provided by the Doubler. Such measurements may
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present surprises, since the source of these events is not yet known.
Because of the increase in the flux of neutrinos above 50 GeV, some of
these phenomena could be investigated using the 15-foot bubble chamber
filled with a neon-hydrogen mixture.

It is worth stressing that in many instances the neutrino is the most
energy-economical probe with which to search for new particles, since all
of its energy can go into producing such a particle. This is particularly true

when the search is for a heavy "'gauge'" lepton.

Hadron Physics

Experiments with hadrons can be expected to reveal more about nar -
row resonances and large transverse momentum phenomena. The center -
of-mass energy afforded by the Doubler/Saver is comparable to that avail-
able at the ISR, while the available luminosity is five orders of magnitude
larger in the Doubler/Saver than in the ISR.

Hadron Jets. Results from the ISR suggest that hadron jets which
carry away a large amount of transverse momentum may exist. Neverthe-
less, the limited interaction rate makes it difficult to establish this phe-
nomenon conclusively. To observe it, each jet must have at least 6 to 8
GeV/c transverse momentum, perhaps with one leading particle having half
of the momentum. The requirement that the transverse momentum must
balance implies that 16 GeV of energy is in the jets. This, in turn, would
consume 60% of the available center-of-mass energy when the Fermilab
accelerator is operated at 400 GeV. Because of the constraint that

momentum conservation imposes upon the amount of available phase space,



400 GeV is too low an energy to see those effects. If the experiment were
done with 1000-GeV protons, the center-of-mass energy would be increased
by another 16 GeV. This should be enough to see these processes without
the distorting effects resulting from constraints of momentum conservation.

Does the Doubler provide enough intensity to observe events such as
these? The answer is yes. The precursors of these experiments have been
done or will be done in the existing Proton Area. Those experiments have
rarely used more than 1011 protons/sec, since the detectors could not
handle higher instantaneous counting rates. Because the Doubler offers the
possibility of an intensity of the order of 1012 protons/sec and a 30 to 40%
duty cycle with a factor-of-four finer rf structure, this type of experiment
should be easier with the Doubler than with the present machine.

Massive Dilepton Pairs. The production of a particle or jet of par-

ticles having a transverse momentum of more than 6 GeV can be thought to
be a consequence of the parton or quark structure of hadrons. In the par-
ton model the hadronic granularity can manifest itself in other ways. The
production of massive dilepton pairs is such an example. Experiments
exploring this possibility are now in progress at Fermilab. The sensitivity
of an experiment to large masses, for example from 5 to 20 GeV/cZ, is
limited in the first instance by the counting rate that the experiment can
handle. The beam intensity available has usually been two orders of mag-
nitude greater than what could actually be handled by the detectors. If the
protons were 1000 GeV, the dilepton mass range could be extended to 40

2 g
GeV/c”. The sensitivity would be at least two orders of magnitude greater
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than for a comparable experiment at the ISR. This type of experiment has
been a particularly exciting area of study; it was in such an experiment that
the narrow resonances appeared quite unexpectedly. One must be prepared
for more surprises.

Narrow Resonances. The study of the production of the known narrow

resonances, and perhaps some unknown ones, will be important using pro-
tons from 400 to 1000 GeV and pions from 300 to 750 GeV. If charm or the
new degree of freedom connected with these resonances has not been dis -
covered by the time the Doubler/Saver is operating, investigation of the
energy dependence and the P, dependence of the production of the narrow
resonances at higher energies could be a clue to a rather deep mystery.
These experiments are quite simple to do at Fermilab. An experiment done
here, following the line of the original Brookhaven experiment, was run
quite easily in a neutron beam of only 106 interacting neutrons per 7-sec
pulse of 300-GeV protons. The event rate was approximately two per hour.
Follow-up experiments at 400 GeV are underway, with event rates one or
two orders of magnitude higher than that. The reason for the ease of
measurement is that the production cross section has risen more than two

orders of magnitude between 30 GeV and 400 GeV.

Other Physics

It is important to measure the production of the narrow resonances in
secondary beams. For example, the photoproduction of the ¥ (3.1) and ¢ (3.7)
which was done at first at Fermilab in the broad-band beam, can be

extended to photon energies of 600 GeV. Of more importance is the fact that
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the flux of photons in the range of 75 to 225 GeV will be sufficiently intense
that the applicability of vector dominance to the process can be tested.
Because of the design of these experiments, it is not sufficient just to target
more protons at 400 GeV to get the answer; the photon spectrum must be
hardened. Furthermore, the first experiment was limited to 10“ protons/
sec by the accidental counting rate. The better duty factor of the Doubler/
Saver would make it possible to make substantial improvements in the
counting rate of these experiments.

Because of its large acceptance, the Proton-West pion beam will be
able to provide fluxes of more than 107 negative pions/sec at 400 GeV, even
when the production target is illuminated with only 5><1010 protons. This is
a better average intensity than that of any existing pion beam in the Meson
Area. That pion flux could easily be increased by an order of magnitude
and thus permit the study of massive dilepton production by pions. The
comparison of pion and proton production of these pairs is very important.
Thus the production of narrow resonances could be carried out in this beam.
One could also study jet phenomena induced by meson-nucleon collisions. It
is important to stress that a comparison of those processes which probe the
granularity of the hadrons with different projectiles is very significant since
the quark or parton content is quite different in each case. As long as free
quark beams are not available, the only way to test for quark effects will be
by using particle beams with different quark and antiguark compositions.

Of course, one will also look for the production of free quarks.
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This review presents only a small sampling of the kinds of experi-
ments which could surely be carried out using the higher energies which
would become available from the Doubler/Saver. Essentially, every experi-
ment which has been conceived for the present Fermilab accelerator would
be interesting to carry out at higher energies. Even more important, how-
ever, would be the probability that the first exploratory work at Doubler
energies would expose significant new and unexpected phenomena which
would suggest whole classes of new experiments. Such experiments, just
as has been the case with the present accelerator, may contribute the most

to our understanding of the structure of matter.
Reported by J. Peoples

Editors note: Another version of this article will appear in the "Energy
Doubler/Saver Proposal' to be published by Fermilab. Complete references
to the theoretical predictions and experimental results mentioned herein

will be available in that booklet,



REPORT FROM THE USERS EXECUTIVE COMMITTEE

P. Koehler, of Fermilab, was elected to replace J. Peoples on the
Users Executive Committee and was welcomed by the Committee at the
September meeting. Also at that meeting, subcommittees were chosen to
focus on specific aspects of Laboratory activities for the coming year.
These are:

Bubble Chambers . Cline, R. Lander, H, Lubatti,

. Widgoff
Computers . Reeder, L. Stutte

. Kalbfleisch, P, Koehler,
Peoples, M. L. Stevenson

Energy Doubler/Saver

“0 O 20U

Experimental Areas

Internal Target R. Lander, M, Widgoff

Meson W. Busza, H. Lubatti, J. Pine

Neutrino G. Kalbfleisch, D. Reeder,

M. L. Stevenson, L. Stutte

Proton D. Caldwell, U. Nauenberg
Housing U. Nauenberg, J. Pine
Recreation W. Busza, M, L. Stevenson
Site U. Nauenberg

The Users Executive Committee will continue to meet every two
months. Suggestions for the agenda should be sent to any of the Committee
members or to the Chairman, in care of the Users Office.

The Committee has been asked by J. Sanford to suggest possible

revisions for the Procedures for Experimenters booklet, which is being

updated. Comments or questions regarding this handbook are invited from

the users, and should be directed to the Chairman.

Reported by L. Hand
Chairman, Users Executive Committee
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NOTES AND ANNOUNCEMENTS

MORE ABOUT THE SHORT-LIVED PARTICLE BEAM FACILITY
WORKSHOP.

Plans are being developed for this workshop which will be held at
Fermilab on Thursday and Friday, December 18-19, 1975. (Some pre-
liminary information about the meeting appeared in the August issue of
NALREP.) At present, some of the items included in the tentative program
are a review of the characteristics of existing hyperon beams, discussion of
proposed experiments involving charged and neutral hyperons and possibly
Kg” mesons, and a review of the relevant theory with regard to the new
physics that would become accessible with a short-lived particle beam
facility. A report will be given on the status of the Proton Department
design for the facility, and the latter portion of the meeting will be devoted
to a discussion of this subject.

The workshop will be an open meeting and all physicists interested in
research utilizing this type of proposed facility are invited to attend.
Interested individuals are urged to communicate their ideas to Fermilab in
the form of proposals (or letters of intent). This material will be organized
for presentation and discussion at the meeting.

To permit adequate time to organize this workshop, contributors are
urged to submit written materials to be considered at the meeting to F'ermilab
by November 14, 1975. Questions regarding the meeting should be addressed

to T. Groves in the Directors Office, Ext. 3211.



- 14_
NEW SCHEDULE FOR MEETINGS RELATING TO THE SPRING PAC
MEETING . .

Our experience in preparing for the November 1975 Program Advisory
Committee meeting has convinced us that some changes in the scheduling of
future meetings would be desirable. We believe the revised schedule for
deadlines and meetings relating to the spring 1976 PAC meeting indicated
below will be more effective than that which appeared in the July issue of
NALREP:

January 23, 1976 Deadline for receipt of new proposals

and other written materials to be con-
sidered at the March meeting of the
Program Advisory Committee.

February 5-6, 1976 Proposal Presentation Meeting.

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

Please note that January 23 is now the general deadline for the receipt,
in the Directors Office, of all written materials to be considered at the Spring
PAC meeting. There will be opportunities for the oral presentation of pro-
posals at both the Proposal Presentation Meeting scheduled for early February
and the regular PAC meeting in March.

Topics to be discussed at the spring PAC meeting will be announced in

the November issue of NALREP.
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SITUATION REPORT-OCTOBER 1975

FERNI NATIONAL ACCELERATOR LABORATORY
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EXTENT OF RUN TO DATE

THE EXPERIMFNTS ARE LISTED SEPARATED BY EXPERI-

FOR FXPERIMENTS WHICH HAVE
THE EXPERI-
PRITON

DATE COMPLETED

2,350 HOURS 28 JAN 75
300 HOURS 16 NOV 74
600 HOURS 20 NOV T4
300 HOURS 6 JuN TS
400 HOURS, [T
150 HOURS 26 JUN 74
R00 HOURS 23 ocr 74
1,050 HOURS 8 SEP 73
150 HOURS 2 JUN 75
1,800 HOURS 19 SEP 74
1,450 HOURS 22 SEP 75
200 HOURS 5 FFR 75
8 STACKS 18 aUG 75
1,450 HOURS 20 M&R 75
1,300 HOURS 2 DEC 74
850 HOURS 24 208 74
50 HOURS 24 APR 74
1,400 HOURS 14 APR TS
1,150 HOURS 7 JuL 7S
500 HOURS 1L JUN 73
1,500 HOURS 5 JuL 75
150 HOURS T Ju 75
2,550 WOURS 17 FER 75
A00 HOURS 14 AUG 75
4 STACKS 20 SEP 72
1 STACK 20 SEP 72
1 STACK 20 SEP 72
1 STACK 20 SEP 72
5 STACKS 20 SFP 72
11 STACKS 20 SEP 72
13 STACKS 20 SEP 72
& STACKS 20 SFP 72
3 STACKS 20 Sep T2
2 PLATES FROM EXP #171 20 sFe 72
% EXPOSURES 1 JUN 75
5 Houes 7 FEB 75
2,850 HOWRS 30 JUN 75
97x PIx 11 JUN 75
Tex PIx 2 JUN 75
14K PIX 10 NOV 74
400 HOURS 20 AR 74
400 HOURS 19 MAR 75
900 HOURS 16 APR 74
1,800 HOURS 17 FE8 75
150 HOURS 21 APR 75
57 PIX S NDV 74
479K P1X 22 APR T4
51K PIX L JUN T3
104K PIX 23 JAN T4
SIK PIX 28 AUG T3
AAK PTX 10 MAR 72
52K PIX 26 AUG 75
67K PIX 27 NOV 72
S1K PIX 10 APR T4
IGSK PIX 13 MAR 74
1K PIX 25 JUN T4
5zx PIX 18 JUN 74
BSK O1X 15 MAY T4
72K PIX 1R SEP 74
A7 PIx 15 APP T4
33K PIX 6 DEC T2
101k PIX 28 SFP 74
98K PIx 27 JAN 75
4 TARGETS EXPNSED 4 SEP 74
140 HOUR 21 JUN T3
6 HOURS 23 NOV 74
1 TARGET & JWN TS
? TARGETS EXPOSED 22 AUG 73
RS 14 NOV 73

150 HOURS 1 FER T4
50 HOURS 26 JUN T4
50 HOURS 10 Ju 74
50 HOURS 7 FER 75
3 STACKS 20 ocr 73
3 STACKS 10 JUN 75
2 STACKS 20 ocr 73
A STACKS 20 ocv 73
5 STACKS 10 JUN 75
2 STACKS 20 0cT 73
1 STACK 20 0CT 71
1 STACK 20 0CT 73
4 STACKS 20 OCY 73
2 STACKS 10 JUN 75
1 STACK 10 JUN 75
1 STACK 10 JUN 75
1 STACK 24 JUN 75
10 STACKS 10 JUN 75
1 STACK 16 0CT 73
2 STACKS 16 0CT 73
2 STACKS 7 0CT 74
5 STACKS 7 0CT 74
4 STACKS 9 JUN 75
1 STACK 9 JUN 75
& STACKS 9 JuN 75
1,150 HOURS 4 APR T4
400 HOURS 1 ocT 75
2,800 HOURS 1 DEC 74
200 HOURS 6 NOV T3
700 HoURS 24 JUN T3
2,600 HOURS 13 MAR 75

J. P. SANFORD

17 NCY 1975
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2 FXPERTMENTAL PROGRAM SITUATION REPORT {CONT'D)
ARFA-BEAM SPOKESPERSON EXTENT OF RUN TO DATE DATE COMPLETED
#PROTON-PROTON MISSING MASS B6TA SANNES 600 HOURS 8 AUG 73
*PHNTON SEARCH #120 CLINE 1,200 HOURS 29 MAY 73
*PARTICLE SEARCH W184 WANDERER 800 HOURS 29 MAY 74
*ORNTON-DEUTERON SCATTERING #186 MELISSINOS 450 HOURS 19 AUG 74
*PROTON-NUCLEON INCLUSIVF #188 SANNES 1,050 HOURS 9 MAY 73
*PROTON-PROTON TNELASTIC #221 FRANZINT 950 HOURS 5 SEP 74
PRATON-NUCLEON INELASTIC #2317 MUKHIN 1,250 HOURS 16 SEP 75
PARTICLE SEARCH #3463 OLSEN 650 HOURS 9 APR T5
R. EXPERIMENTS THAT ARE IN PRNGRESS (311:
A -M1 *TOTAL CROSS SECTION #104 CIA 1,400 HOURS
PION DISSOCIAT NN #R6A LUBATTI 350 HOURS
FORM FACTOR #216 STORK 900 HOURS
-u2 SNEHTRAL HYPERON PONDROM 2,100 HOURS
M3 NFUTRON ELASTIC SCATTERING #248 LONGO 600 HDURS
-M5 HELASTIC SCATTERING #694 MARX 2,250 HOUR
~OTHER SNUCLEAR CHEMISTRY #ALA XAUFMAN 118 BOMBARDMENTS
NA =NEUTRINO NEUTRINO #21A BARISH 2,100 HOURS
*15-FONT NEUTRINO/H2 #45A ROF 67K PIX
*15-FOOT ANTI-NEUTRINO/HZ #314 DERR ICK 26K P1X
*NFUTRIND #3720 scruLLt 500 HOURS
NEUTRIND #254 KALBFLEISCH 450 HOURS
~MUON/HADRON  *NT-MUON €331 PILCHER 500 HOURS
~15-FT 15-FOOT P ~ P @ 300 4343 ENGELMANN TK PIX
15-FOOT PI~ - P @ 100 #A3A XITAGAKT 11K PIX
15-FOOY PI- ~ PENE @ 200 #89 FRETTER 4K PIX
~30-1IN *30-INCH P - D @ 200 #200 FIFLDS 64K PIX
*#30-INCH ® = D @ 100 #19% MURPHY §1K PIX
#30-INCH P - D 3 300 €209 DA 55K PIX
#30-INCH PIe £ P - N 3 200 #295 YEKUTTELT 54K PIX
I0~INCH HYBRID #299 158K PIX
~OTHER *MONOPALE 876 CARRIGAN 5 TARGETS EXPOSEO
SUPER-HEAVY ELEMENTS #245 LEDERMAN 3 TARGETS EXPO!
QUARK #2376 VAN GINNEKIN 3 TARGETS BEXNG ExPnsen
TACHYON MONOPOLE #202 BARTLETT COSMIC RAY RUNNING
PA -PE #PHNTOPRODUCTION #87A 1,800 HOURS
PHOTON TOTAL CROSS SECTION #25A CALDWELL 400 HOURS
~PC DI-LEPTON #288 LEDERMAN 1,100 HOURS
SMUON SEARCH #48 ADAIR 250 HOURS
P PHOTON SEARCH #95A cox 450 HDURS
1TA-C-0 PARTICLE PRODUCTION #418 SANNES 600 HOUPRS
C. EXPFRIMENTS THAT ARE TN TEST STAGF (7):
MA M1 HADRON JETS #2364 MOCKETT 300 HOURS
> PARTICLE SEARCH 4357 MEYFR 350 HOURS
—ME HADRON JETS #260 MCLEND 950 HOURS
NA ~MUON/HADRON ~ PARTICLE SEARCH €382 HAND 10 HOURS
PA -PW PARTICLE PRODUCTION #284 WALKER 150 HOURS
TFST PROTON-PROTON ELASTIC#1T7A ORFAR 150 HOURS
1TA-C-0 PRNTON-PROTON INFLASTIC #321 LEE-FRANZ INI 5 HOURS
N. EXPERIMENTS BEING INSTALLED (13): EXTENT DF APPROVAL
A —MY POLARTZED SCATTERING #61 CHAMBERLAIN 800 HOURS
INCLUSTVE SCATTERING #324 WEISAERG 500 HOURS
-3 PARTICLE SEARCH 8397 RNSEN 500 HOURS
-4 K ZFRO REGENERATION 8425 ARONSON 600 HOURS
M8 MULTIPARTICLE #1104 MCLEOD 750 HOURS
INCLUSIVE SCATTERING #1184 FRIEDMAN 600 HOURS
NA -NEUTRIND NEUTRIND #310 CLINE 2 X 10 T0 1BTH PROTONS
PARTICLE SEARCH #247 BURHOP 2% 10 TO 18TH WITH F #310
PA -PF PARTICLE SEARCH #300 CRONIN 600 HOUS
DI-MUON 9325 CRONIN RUN ulm EXP #300
-pC DI-MUON #4316 ADATR 100 HOUR
1TA-c-0 PROTON-NUCLEON SCATTERING #1984 OLSEN A00 HOURS
PROTON-PROTON POLARTZATION #313 NEAL 1,000 HOURS
F. EXPERIMFNTS TO AF SET UP WITHIN A YEAR (38):
Ma —uy PARTICLE SEARCH #3%54 BAKFR 200 HOURS
.2 INCLUSIVE NEUTRAL MESON #350 KENNEY 400 HOURS
SUPER-HFAVY ELEMENTS €371 JURTC 1 EXPOSURE
PARTICLE PRONUCTION #415 PONDROM 100 HOURS
M6 TEST X 2ERN REGENEUATINN #7226 TELEGDI 500 HOURS
M6 HADRON DISSOCIATION #398 GOUL 1 ANDS 600 HOURS
RACKWARD SCATTERTNG #2090 BAKER 900 HOURS
NA —NEUTRINO 15-FONT NEUTRIND/H2 £ NE #53a BALTAY 100K PIX
15-FONT ANTT-NEUTR INO/ M2 ENEA1T2 B INGHAM 50K PIX
~MUON/HADRON ~ MUON #319 CHEN 500 HOURS
wNN 4398 ANDERSON R0OQ HOURS
~15-FT 15-FOOY P1+ & P = P 3 150 #341 X0 25K PIX
PARTICLE SEARCH #3790 WOJCTCKT 00 HOURS
~30-1N AN-INCH P - N 3 400 #196 ENGEL MANN 100K PIX
3N-INCH PI= = N 3 40N #3378 MNATYASY 50K PIX
70-TNCH P1~ - P 3 HI E #215 GOLDHABER 100K PIX
10-INCH PRAR - P @ 30-60 #3464 GUTAY 100K P1X
I0-INCH PAAR - D @ 100 #1345 EKSPONG 100K PTX
IN-TNCH PI+ £ P - P 3 300 #277 BARNES 100x P1X
~NTHFR FMULS TON/NEW PARTICLES #386 LORD EMULSTON EXPOSURE
FMULS TON/PRDTONS @ 400 #2738 Loen EMILSION EXPOSURE
FMULSTAN/PROTONS @ 400 #2471 NIY EMULSION EXPOSURE
FMULSTON/PROTONS 3 400 #2745 JATN EMULSION EXPOSURE
FMULSTON/PROTONS @ 400 €249 WOLTER EMULSION FXPOSURE
FMULSTON/PROTONS 2 400 #251 XUSUMDTR EMUL SION EXPOSURE
FMILSION/PRDTONS @ 400 #265 YOING FMULSTON EXPOSURE
EWILSTON/PROTONS 3 400D #279 KING EMULSTON EXPOSURE
EMULSTON/PROTONS @ 400 K297 GOTTFRIED EMULSION EXPOSURE
EMOLSION/PQDTONS 3 400 #3316 aGATA FMULSYON EXPOSURE
FMULSTON/PROTONS @ 400 #3464 EXSPONG EMULSTON EXPOSURE
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oAGF 1 FXPERIMFNTAL PROGRAM STTUATION PEPORT (CONT'D)
AREA-AFAN SPIKESPERSOV EXTENT OF APPROVAL
FWISTON/PROTONS 3 402 #3385 PRAKASH EMULSION EXPOSURE
FMULSION/PROTONS 3 400 €423 SUGIMNTD EMULSION FXPOSURE
FYULSTON/POOTONS 3 400 #4528 HEAFRT EMULSION EXPDSURE
FMULS TON/PROTONS @ 400 #4346 DAKE FMULSION FXPOSURE
PA -pE FMULSTON/ELECTRNINS 3 HT F #340 DAKE FMULSION EXPOSURE
FMULSTON/ELECTRONS 3 >100 €399 GOUDEN 5 STACKS
PARTICLE SEARCH #400 PENPLES 400 HOURS
1TA-C-0 PRNTON-NICLFON SCATTERING #381 MaLAMUD 300 HOURS
F. NTHER APPROVED FXOFRIMENTS (26):
LIl HADRON DISSOCIATION €277 FERREL 600 HOURS
-2 PASTICLE SEARCM #a1 GARELICK 250 HOURS
PARTICLE SEARCH #413 GARFLICK 150 HOURS
MADRON JETS #3095 SFLOVF 450 HOURS
CHADGFD HYPERON €97 LACH 400 HOURS
—uh ASSNCTATED PRODUCTION @39 RITSON 500 HOURS
NA =NFUTRIND 15-FONT NFUTPIND/D2 #1514 SNOM 100K PIX
15-FNNT NFUTRINN/D2 227 ENGELMANN 100K PIX
15-F10T ANTI-NFITRINO/D? €190 GARF INKFL 200K PIX
NEUTRIND #1356 RARTSH 2 X 19 T0 18TH PROTONS
NEUTRIND #2573 Ll 1,000 HOURS PARASITIC
15-FONT NEUTRING/H? £ NE #380 BALTAY 200K PIX
15-FONT ANTI-NEUTR INN/H2ENFE38R STEVENSON 200K PIX
~MION/HANBNN  MINN #2034 EaTH 1 X 10 T0 LATH PROTONS
MUON #1391 STROVINK RUN WITH FXP ¥203A
~In-IN N-INCH P - P 3 500 #207 ENGELMANN 50K Pix
~NTHFP NETFCTNR DEVELNPMENT #2064 PETFRSON PARASIY(E RUNN ING
NFTECTOR NEVFLOPMENT #32 HOFSTADTER 100
PA ~PE PHOTOPRADUCTION #4001 GORMLEY 300 HOURS
PHNTAPRANUCT ION #1528 HEUSCH 350 MOURS
PHI PHNTOPRONUCTION #2467 CHEN 600 HOURS
-pr PARTICLE SFARCH #372 RECKER 1,400 HOURS
-PW PION INCLUSTVF #2573 PIRNUF 800 MOURS
C-TEST #3102 CESTER=-REGGE 400 HOURS
MULTIGAMMA #1972 GUIRAGOSS AN 400 HOURS
1T8-r-0 PRATON-HEL 1M SCATTERING #7289 MALAMUD 700 HOURS
0RNPASAI & AEING (NS INFREN (661 EXTENT (IF REQUEST
wa -my NETECTNR DEVELNPMENT €427 UAN 50 HCURS
—u3 K-SHNAT PEGENEAATION #1351 ARNNSON 3,000 HOURS
LAMADA BETA DECAY #3A1 MARCH 300 HOURS
PAOTICLE SFARCH #4539 GARELICK 500 HOURS
LAMRDA MAGNFTIC MOMENT €440 BUNCE 160 HOURS
LAMATA POLARIZATION 441 BONNROM 150 HOURS
—ua PAOTICLE SEARCH #537 FEOREL 300 HOURS
NFUTRNN-NUCLEUS TNFLASTIC #4518 JONFS 500 HOURS
MLTIPARTICLE #4645 ROSEN 500 HOURS
M5 INFIASTIC SCATTERING #1565 TSN 475 HOURS
HANRON NISSOCTATION #312 ENELSTEIN 1,000 HOURS
FIASTIC SCATTEPING #4054 600 HOURS
NA —NEUTR NN NFITRING #3 NYOPEN 1,250 HOURS EST.
15-€0n7 ANT'—ENFU'RINHIN’NEI!SZ STEVENSON 400K 21X
NEOTRIND #3155 BARTSH l.‘GO 'IJIIIS
15-FNNT NFUTRINQ/HZENE €389 TENNER 100K
NM/MADPAN  FMIILS ION/MUDNS 3 50-100 #3173 JAIN FNLSIUN EXPOSURE
PION NISSOCTATION #318 asenLL 400 nnu
MUON #3480 WILSON 400 HOt
"-usmn/ilmu 2 200 #4724 WA z-m.smn EXPOSURE
NI=MUNN #3454 PILOHFR 400 HOURS
o1-MHON uu SMITH 400 HOURS
-15-FT X0-P @ 20-40 #A5 at 250K PIX
Pte —n 2 4n GUTAY 600k PIX
PHOTON - P 320-750 #145 WALKER 250K PIX
=B ARLE ERWLIN 300K PIX
P - 93 >M = 300 4208 TAXTRAFV 75K PIX
SIGMA- - 5 50-7004214 RIISHARNNKE 275K PIX
PI- -P 3 100 #7267 MORP TSON 100K PIX
P - PLNF A 1005400 4291 MANN 50K PIX
NEUTRON - P350-750 #3013 SEINL 100K P1X
P1- - P/NE 3 485 #1209 aut 250¢ PIx
K= - P 3 200 ¥133 RUSHRRNOKE 100x PIX
K+ - P 3 200 N334 RUSHARDDKE 100K PIX
PI- -P/NE 3 200 #3542 KENNE Y 210k PIX
PI- — P2 > 08 = 2508384 HUSTN 300K PIX
PRAR - PED A SOLAN #4722 FoloMaN 150K PIX
PI- - P 3 100 €429 MORRISON 50K PIX
Pi- - P A 400 €430 MNRRISON 50K P1X
Pl- - © A 150 431 THOMPSON 50K PIX
SIGMA= - D @ 240 #432 FRINMAN 60K PIX
~20-1N PRPI- — M1 Z 3 200 #2724 JONES 100K PIX
P — PENF A100-500 #273 aREN 50K PIX
PEPI- -PENFAL0NE 400K 298 MALHOTRA 15K PIX
Pl- ~ HI7 3 200 #3DG WALKER 100K nlx
Ke - P 3 150 #375 _URIN 400X
K- - P @ 150 #2176 LUDLAM loonﬂucnen OF X
Pl- - P 3 100 la'n HAFEN 200K
p1- — P A 75 %3 YAMAMOTO 200% Dll
PAAR - PALAD nn 2008392 NEALE 100K PIX
Pl- - P 3 150 4391 PLESS 1,000k E)(PANS!DNS
PRAR - P 3 100 2774 WHITHORE 400k 1
Pls - P 3 250 #6407 BUGG 300K Plx
"H PAAR - P @ 75 #408 PLAND 300K PIX
I0-INCH PT+ - P 3 75 #409 WATTS 200x PIX
20-INCH KeEK- — P A 75 #41n PEVSNER 200K /FRACTION OF X
Pa -PC CHAPGED HYPERIN #1151 d 600 HOURS
LAMADA POLARIZATINN #4617 NAUENAERG 1,000 WOURS
MULTI-MUON §437 WALKER 700 HOURS
NN SEARCH #615 ADAIR 250 HOURS
-puW HANRON JFTS #246 SELOVE 600 »ml‘
FLASTIC SCATTERING #301 GETTNFR 1,000 HOUR
NI-MOON #326 PIRNYE RUN WITH Exo #258
n unc SCATTERING #3647 WALKER 1,200
LEN scnre' ING #8420 GUIRAGOSSTAN 1,100 uoons
1TA-r-n mrlsn ERAOMENTS eha TURKOT 400 HOURS
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Location of Experiments

- Meson Area Experiments
ok Fermilaby, Folt 1975 Hadron Jets ® 236A(MIE)
Inclusive Scattering ® 324(M1W)
Particle Search™ 357 (M2)
Particle Secrch:397(M3)
K° Regeneration®425(M4)
Egrt])::)rroaltor Inclusive Scattering® 118 A(MGE)
y Hadron Jets®260(M6W)
Linac Proton

Switchyard

Booster

Neutrino Area
Experiments

{30-lnch Bubble Chamber
Proton Area 15- Foot Bubble Chamber
Main Accelerator Experiments Neutrino # 21A
Photoproduction® 87A(PE) giﬁ::: s gg?
Particle Search ¥ 300(PE)
Di- Muon® 325(PE)
Muon Search ¥48(PC)
Di-Lepton ¥288(PC)
Proton-Proton Elastic® I77A(PW)
Particle Production®284 (PW)

Internal Target Area
Experiments

Proton-Proton Inelastic®32|
Spectrometer Tests (¥198,% 313)
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FACILITY UTILIZATION SUMMARY --SEPTEMBER 1975

There was steady improvement in the operation of the accelerator at
400 GeV during September, particularly in terms of both average and inte -
grated accelerated beam intensities. Much of the unscheduled down-time
followed the weekly accelerator maintenance and development periods.
Start-up of the high energy physics research program was delayed each
week, but these setbacks were customarily followed by extended periods of
running with few unscheduled interruptions. The net result was a noticeable
increase in the effectiveness and reliability of available beam as compared
with the performance in August. Failures of main-ring feeder cable splices,
booster chokes and vacuum, and the 95° cooling water system accounted for
a major fraction of the down-time; most of these problems are related only
indirectly to 400-GeV operation. Average operating efficiency for the
experimental physics program was 757, with 430 hours of the scheduled
572 hours actually delivered. The improved performance realized during
September did not result from greater reliability of components, but rather
because structure in the slowly spilled beam was greatly reduced. Further-
more, the main-ring cycle time could be lowered to 10 seconds as a result
of the paralleling of electrical feeder cables which improved the current
distribution. These efforts produced a beam for use in the experimental
areas with about twice the duty factor available during previous 400-GeV
operation. Other achievements during September included the testing and
installation of a 47th harmonic ripple filter in the main-ring pulsed power
supply and the successful operation of the 30 -inch bubble chamber at the

rate of six pulses per accelerator cycle.
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Good progress was made in the experimental physics research pro-
gram during September. Once again, work in the Neutrino Area was con-
centrated on neutrino/antineutrino cross section measurements by Neutrino
#21A and Neutrino #254. Neutrino data were taken at four energies and
antineutrino data at one. Between the positive and negative runs, the accel-
erator was set up to send 200-GeV beam to the Neutrino Area only for two
shifts, to enable these two experimental groups to calibrate their monitors.,
The changeover from 400 GeV to 200 GeV and back again proceeded very
smoothly, taking only a few hours in all. During the 400-GeV operating
periods, a 300,000 -picture run was completed for Hybrid # 281 at the 30=-inch
bubble chamber. In the Muon Laboratory, Particle Search #382 tuned the
N-1 beam for hadrons and carried out some preliminary emulsion tests for
several hours, causing only minor disruption to Neutrino # 21 A. The Quark
#276 target continued to receive beam from the N-0 slow spill.

In the Proton Area, Proton-iiast was turned off early in September
for installation of Di-Muon #358. Following several days of tune-up and
testing work, neuiron production data were collected for nearly three weeks.
Di-Lepton #288 took electron-positron data in Proton-Central throughout
September, while in Proton-West, p-p Elastic Scattering #177A completed
their planned tests shortly after the first week, and then turned the beam
over to Photon Search #935A. The latter group spent the rest of the month
tuning, testing, and calibrating their apparatus.

In the Meson Area, six experimental groups were in various stages of

data collecting and two others did tune-up and testing work. Hadron Jets



#260 continued set-up and equipment checking early in the month, and
Particle Search #357 was engaged in similar work for almost the last three
weeks. Neutral Hyperon #8 tuned their apparatus after being off since early
July, and were taking data by the end of September. Particle Search #357
continued to run in a compatible parasitic mode. Neutron Elastic Scattering
#248 completed setting up and testing, and began taking preliminary data.

At the same time, Elastic Scattering #69A and Form Factor # 216 continued
steady data-taking, while Photon Inclusive # 268 completed their run by mid -
month. In addition, Nuclear Chemistry # 81 A parasitically exposed four tar -
gets to the beam in Meshall.

At the Internal Target Area, most of the research activity was carried
out by Particle Production #418 using the rotating fiber target. Running
time was used to check and complete earlier data and also to test some new
phenomena observed during analysis. Proton-Proton Inelastic # 321 spent
considerable time debugging their warm jet and other apparatus, and used a
small amount of beam time for testing purposes.

The facility utilization summary for the month of September is as
follows :

I. Summary of Accelerator Operations

Hours

A. Accelerator use for physics research
Accelerator physics research 51.0
High energy physics research 430.5
Research during other use (25.0)

Subtotal 481.5
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Hours
B. Other activities
Accelerator setup and tuning to experimental areas 9.5
Programmed interruption 54.2
Unscheduled interruption 174.8
Subtotal 238.5
C. Unmanned time
Total 720.0
II. Summaries of High Energy Physics Research Use
# of Expts. Hours Results
A. Counter experiments 16 3197.9
B. Bubble chamber experiments 4 286.2 297,534 pictures
C. Emulsion experiments = =
D. Special target experiments 2 416.5 5 targets
E. Test experiments 2 85.9
F'. Engineering studies and tests - -
G. Other beam use = 76.2 Beam tuning
21 4062.7

III. Number of Protons Accelerated and Delivered (X 1018)

@200 GeV @400 GeV Totals

A. Beam accelerated in main ring 0.008 1,277 1.285

B. Beam delivered to experimental areas

Meson Area = 0.293 0.293

Neutrino Area
Main beam 0.002 0.819 0.821
Bubble chamber beam (estimated) - 0.012 0,042
Proton Area = 0.019 0.019
Totals 0.002 1.143 1.145

IV. Beam Utilization by Experiment

Hours
A, Meson Area
Neutral Hyperon # 8 122.8

Elastic Scattering # 69 A 226.6
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Hours
Nuclear Chemistry #81A - 4 targets
Form Factor #216 381.7
Neutron Elastic Scattering # 248 301.8
Hadron Jets #260 108.6
Photon Inclusive # 268 243.9
Particle Search #357 42.0 Tests
B. Neutrino Area
Neutrino # 21 A 391.2
Neutrino # 254 169.1
Quark #276 416.5 1 target
30" Hybrid #2841 286.2 297,534 pictures
Test Particle Search #382 7.7
C. Proton Area
Photon Total Cross Section # 25A 5.8
Photon Search #95A 2575
Test p-p Elastic Scattering #177A 8.2
Di-Lepton # 288 259.3
Di-Muon # 358 279.3
D. Internal Target Area
Proton-Nucleon Inelastic #317 210.0
p-p Inelastic #321 4.4 ‘Tests
Particle Production #418 194.2
TOTAL 3986.5

Reported by H. Allen
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PROPOSALS RECEIVED DURING AUGUST AND SEPTEMBER 1975

No. Title Submitted by

428 400-GeV Proton Interactions in Nuclear J. D. Hebert
Emulsion

429 Proposal to Study Interactions of 100-GeV/c D. R. O. Morrison
Negative Pions in the 15-Foot FNAL Hydrogen
Bubble Chamber

430 Proposal to Search for New Short-Lived D. R. O. Morrison
Particles in 400 GeV/c w~ -p Interactions

431 350 GeV/e TT_—p Experiment in the 15-Foot M. A. Thompson
Bubble Chamber

432 Proposal to Study 50,000 = n Multiprong Events A. Fridman
at About 240 GeV/c by Means of the 15-Foot
Bubble Chamber

433 A Proposal to Study Multi-Muon Production in J. K. Walker
Hadron Collisions

434 Cascade Showers Originated in Jet Showers S. Dake

435 Measurement of the Polarization of Prompt R. K. Adair
Muons at X = 0.14 at p, = 0 and P, = 1.5
GeV/c

436 Determination of the Possible Di-Muon R. K. Adair
Character of the Prompt Muon Flux

437 Proposal to Search for New Long-Lived T. Ferbel
Particles

438 Inelastic Cross Sections of Neutrons on Nuclei L. W. Jones

439 High Sensitivity Search for New States which D. C. Garelick
Decay into Muons

440 A Proposal for a New Measurement of the G. Bunce
Magnetic Moment of the Lambda Hyperon

441 A Proposal to Study Lambda Polarization in L. G. Pondrom

the Inclusive Reaction Proton-Proton to
Lambda + Anything with a Liquid Hydrogen
Target



No.
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Title

Submitted by

442

443

444

Study of Nuclear Fragment Emission in Proton
Heavy Nucleus Collisions from 10 to 500 GeV

A Proposal for Continued Studies of Hadron-
Induced Muon Pairs in a Large-Acceptance
Spectrometer

A Special Request for High-Priority Running to
Measure High-Mass Muon Pairs

Proposal to Study Multihadron Systems which
Include Charged and Neutral Mesons

F. Turkot

J. E. Pilcher

A. J. S. Smith

J. Rosen



DATES TO REMEMBER

November 7, 1975 BISON-NET Workshop at Fermilab.

November 14, 1975 Materials to be considered at the
Workshop on the Short-Lived Particle
Beam Facility should be received in
the Directors Office.

November 20-21, 1975 Fall meeting of the Fermilab Program
Advisory Committee.

December 18-19, 1975 Workshop on the Short-Lived Particle
Beam Facility.

January 23, 1976 Deadline for receipt of new proposals
and other written materials to be con-
sidered at the March meeting of the
Program Advisory Committee.

February 5-6, 1976 Proposal Presentation Meeting.

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









