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Dr. William A. Wallenmeyer, Director 
Division of High Energy Physics, J-309 
U. S. Department of Energy 
Washington, D. C. 20545

Dear Dr. Wallenmeyers

Subject: Research Highlights Undar Contract DE-AC02-76ER03072 for
the period February 1, 1980 - July 31, 1980. .

A Study of Rare Muon Induced Reactions 
(FNAL Experiment” //2037 3 91) ~

(G. Gollin (thesis student), F. C. Shoemaker, P. Surko; LBL, T. Markiewicz,
P. Meyers, W. Smith (thesis students), A. Clark, K. Johnson, R. Kerth,
S. Loken, M. Strovink, W. Wenzel; FNAL R. Johnson, C, Moore, M. Mugge, 
and R. Shafer)

Three liters have been submitted for publication within the last two 
months. Two .<ire on the analysis of the events with two muons in the final 
state, of whu-ii 80 i 10% are identified as coming from the decay of charmed 
particles. An important result is that the production of charm accounts for 
approximately 1/3 of the observed scale-noninvariance at low Bjorken x. This 
is due to the fact that presently available muon beam energies cannot reach 
values of Q2 which are sufficiently large that the mass of the cc system does 
not establish a scale.

The third letter places a limit on the production of T by 209 GeV mflbns of 
22 x 10"39 cm2 (90% confidence).

The analysis of the deep inelastic scattering still involves the understanding 
of systematic effects. The effects of bremstrahlung and direct electron pfcir pro
duction on the energy loss of muons in iron are much more precisely known from the 
work Of the past six months. It appears that considerably more effort will be 
required before believable structure functions will be extracted from the data.

2. Hadronic Production of Charmed Particles/Search for C-Violation at large 
Momentum Transfer 
(FNAL Experiments E-302/567 & 650)

(V. Fitch, A. Montag (graduate student), S. Sherman (graduate student), R. 
Webb, H. Witherell, with collaborators from Saclay, Torino, and BNt,.)
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The analysis of Fermilab Experiment 567 has recently been concluded.
The initial data originated from a run which was completed in November 1979,
The goal Of this effort was to detect the production of charmed mesons in ttN
interactions. Previous attempts to make such measurements have been thwarted by 
the high level of non-charmed background groduce^ in these collisions. By 
searching for the production of D -  ■+ D°(D°) +  it (it*") we hoped to gain an extra 
constraint which would suppress ndn-charmed hadronic backgrounds. This particular 
scheme depends crucially on the small Q value of the D* decay to D°tt (5.7 MeV) and
the ability to detect these ’’slow" pions as well as the decay products from the
D° decays (Kir).

The results of our analysis indicate that this technique has proved 
successful. The final data sample shows evidence for a 2.7a enhancement at 
the known masses of the D* and D° mesons. The peak of 56 ± 21 events when converted 
to a cross section for total D* production yields a(D*) » 3.3 ± 1.?, pb for the 
reaction tt~N •* D* + X at 200 GeV/c. This cross section corresponds to a measured 
do(D*)/dy(y^o) » 1,0 + 0.4 pb. A paper presenting these results has been submitted 
to the Madison conference. Based upon these results, our. collaboration presented a 
request (P-650) to the Fermilab PAG early in March 1980, asking for additional 
running time to investigate these tantalizing results further. We f.ound that by 
making several modifications to the spectrometer (e.g. adding additional hodoscope 
counters for triggering, adding four additional drift chambers to Improve resolution, 
segmenting the production target to improve vertex reconstruction and changing the 
differential Cherenkov counter filling to reduce multiple scattering effects) we
could increase our data sample by •v X6 in the same amount of running time received
in the first run. We have recently received word that this request has been approved 
by the PAC. We expect this run to be scheduled early in the spring of 1981,

These experiments have been done in collaboration with groups from Saclay and 
Torino and one individual from BNL. The additions to the spectrometer are to be
shared amongst the collaborators. Saclay is providing an additional drift chamber
and hodoscopes for the slow pion arm, Torino is going to provide instrumentation of 
the target and Princeton is constructing two new drift chamber modules, hodoscopes 
and fast trigger processor for the next run.

3. Hadronic Production of Muon Pairs 
(FNAL Experiment #444)

(K. T, McDonald, A. J. S, Smith with J. E. Pilcher and K. J. Anderson,
University of Chicago)

Two papers have recently been published from this mostly complete work.
The first, (PRL 44, 1313 (1980), described in detail in the January 1980 
Highlights, sets an upper limit of o(BB) < 7.5 nb on the cross section for BB 
production by 225 GeV/c it“ mesons, in contradiction to a recent CERN_experiment 
(Barate et al,, Saclay Preprint D, Ph. P.E. 79-17) which claimed o(BB) « 200 nb.

The other, (Physical Review D21, 3Q75 (1980)) sets a limit on charm pro
duction in association with the
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Finally, a small effort is still in progress to study the mechanism of 
J/îi production.

4. High Mass Dimuon Production Using Incident Protons and Pions 
(FNAL Experiment //E—326)

(P. A. Piroue, B. G. Pope, R. L. Sumner, C. Whitmer (student), in collaboration 
with the University of Chicago).

Experiment E-326 is a detailed study of the production dynamics of massive 
virtual photons (including the T resonance) and their subsequent decay into 
muon pairs. The apparatus consists of toroidal iron magnets, a latge array 
of trigger acintillation counters, and a system of drift chambers to measure 
the angle and momentum of each muon.

The experiment is taking place in the High Intensity Beam Facility at 
Fermilab. Beam and trigger studies were carried out in an 8-week run this 
Spring during which time some preliminary data were taken. At present, these 
data are being analyzed in order to study sources of background, to determine 
the momentum resolution of the system, and to investigate the nature of the 
dimuon signal. Major data-taking is expected to take place in the ’fall.

5. Search for the n Meson 
IBNL Experiment §732)

(M. Hailing (graduate student), K. T. McDonald, A. J. S, Smith, P. Woit 
(graduate student), C. Lu, M. Ye, and J. Licini (Princeton Senior Thesis 
Student) with collaborators from Brookhaven National Laboratory),

We have completed a spring run, the main purpose of which was to debug and 
test the electronics we added to provide timing information for photons with 
energies > 30 MeV. Approximately 800 channels were installed. We have analyzed 
enough data to find that the efficiency loss due to accidentals has effectively 
been eliminated. .We are therefore able to collect data approximately 10 times 
faster.

At present we are in the middle of our final 8 week run. Data taking is 
proceeding smoothly, and should be completed this August. As a by product, we 
have also searched for exclusive J/i|> production:

it” p •+• J/i)» n

At present we find o (ir” p + J/i|> n) < 1 nb, and should improve this limit by 
ttore than a factor 10. This aspect was the subject of a senior thesis by Jerry 
Licini.
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6. Forward Production of Massive Particles Phase I; Dlmuons
(FNAL Experiment //615>

K. T. McDonald, F. C. Shoemaker, A. J. S. Smith, with collaborators from
the University of Chicago).

We have experienced severe scheduling delays at FNAL, and are now unlikely 
to get on the floor before Fall 1981. Nevertheless we have begun serious design 
work, most notably on the Mass Selection magnet. Princeton physicists have taken 
over much of the design responsibility from FNAL, and have determined that both 
the copper and steel for the ZGS will suffice for this magnet. This obviously 
results in a large saving to FNAL.

We are also beginning to construct a prototype trigger proportional chamber.

7• Studies for ISABELLE

(K. T. McDonald, B. G. Pope, F. C. Shoemaker, A. J. S. Smith)

This group is continuing to explore the possibility of performing a 
sensitive, high resolution search for intermediate vector bosons (both charged 
and neutral) produced at the ISABELLE storage rings. These particles would be 
detected via their decay into muons. The apparatus would consist of a high 
density hadron absorber, a superconducting magnet giving a high (̂, 25 K Gauss) 
magnetic field over a large volume, and a drift chamber detection system capable. • 
of giving good spatial resolution (“ 100 n) while operating inside the magnetic 
field. We are at present involved in a design study for a toroidal magnet with 
engineers and physicists from the Princeton Plasma Physics Laboratory, In 
addition, we expect soon to begin building a 5-Tesla facility for evaluating the 
performance of drift chambers in a high magnetic field.

8. Theoretical Physics

CFrank Wilczek)

The work on thermalization of baryon asymmetries (previous Highlights) was 
completed and written up. An article on the cosmic asymmetry between matter and 
antimatter was written for Scientific American and will appear in December.

At the moment I am working on several projects:

i) It appears that anomaly-induced baryon number violation may be very 
significant at temperatures T * lO6 GeV. I am calculating thio effect using a 
Kubo-type formula.

11) In a similar vein, I am calculating particle production in uniformly 
expanding space due to scale-invariar.ce breaking interactions.
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iii) It appears that dyon fields act as sources for radiation of light 
f^rmions. Several of us tS. Coleman, D, Gross, and I) are attempting to sort 
out the quantum mechanical interpretation of this,

iv) D. Toussaint and I have some ideas about Monte Carlo treatment of 
gauge theories with 0 i 0 which we'd like to try out.

Very truly yours,

Q ... { /( 'I-  *r'-

Frank C, Shoemaker 
Professor of Physics 
Principal Investigator

FCS:gd
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