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This report covars the thirteen-month period from 

October 1, 1975, to October 31, 1976. This has been a very 
exciting period with the experimental program producing both 
unexpected and some expected results from two bubble chamber 
experiments: one from SLAC at 15 GeV/c Tr+d and the other 
from FNAL at 250 GeV/c. In addition, the preparation for a 
BNL Multiparticle Spectrometer experiment - Searches for 
=* - has started and is going on at full steam. The theore-
tical research has concentrated both in gravitation and 
strong interaction phenomenology. Some of the theoretical 
work has been in collaboration with the experimental physi-
cists. Two of our members spent three months in tne U.S.t-.'K. 
as exchange scientists and another member is currently at 
Cambridge University, England, planning for a possible future 
bubble chamber experiment. 

1. Logistics 
A. Personnel 

The gradual decrease in personnel finally bottomed 
out, and during this contract year we were able to 
add several outstanding physicists to our group. 
1) Sharon liagopian transferred from an ERDA supported 
position to a F.S.U. supported Staff Physicist position. 
2} We were very fortunate to hire as an Assistant 
Professor Dr. Ronald Diamond, who is a graduate of 
Wisconsin University and was a Research Associate at 
tile University of Michigan. He joined us during the 
Summer of 1976 as a R.A. and took Up his Assistant 
Professorship rluties during September 1976. His 
background is in bubble chamber physics with his most 
recant major work on v interactions in the 15-foot 
FNAL bubble chamber. 
3) As part of out major contribution towards the 
search experiment at BNL using the MPS we hired 
William Morris, formerly a R.A. at Michigan State 
University, and well-known to us. He joined us 
during April 1976 and is currently in residence at 
HNL. 
4) During August 1976 we were glad to be able to hire 
dr. J.P. Owens, formerly of Case-Uestern University 
where he was a theory R.A. We already feel the posi-
tive effects of his enthusiasm in our group. ; 

As is apparent from the above list, we have re 
couped some of our personnel losses but we have not 
yet reached the level that we had several years ago. 

Im 
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Numerous changes occurred among the graduate 
students - some graduated and others joined during 
the past year. 
1) John Richey completed his Ph.D. during April 1976 
(see Enclosure Bl) and accepted a position at Com-
puter Sciences,Inc., near Washington, D.C. 
2) David Gluch recently completed his Ph.D. (June 
1976) and stayed several months to complete work on 
a paper based on his dissertation (see Enclosure B3)• 
Presently he is working at Florida A & M University. 
3) Paul Madden just completed his Ph.D. and is pre-
sently contemplating whether to leave high-energy 
physics (see Enclosure B2). 
4) Kent Clark joined our group during Summer 1976. 
5) Allen Mathews completed his M.S. and left. 
6) Three new graduate students have tentatively 
decided to join our group. 

Discounting first-year graduate students, at the 
present time we have 6 graduate students, four of 
whom are working on their Ph.D. dissertations. It is 
occasionally unfortunate that excellent students upon 
completion of their Ph.D. opt to go into industry as 
the salaries given to R.A.1s is considered to be un-
satisfactory. The gap between industry and Univer-
sity/National Labs is too big. 

1ft our technical staff, we were able to replace our 
electronics technician, whoui we lost several years 
ago during the budgetary squeeze. 

B. Facilities 
The experimental facilities made another quantum 

jump when Schlumberger donated a second EMR 6050 com-
puter. This computer system is very similar to the 
first one donated a year ago. We were able to oper-
ate this last computer one week after delivery. The 
air-conditioninq and the power system for this com-
puter was provided by the F.S.U. Physics Department. 
This provided the research group with two operating 
computers and the third one is used for spare parts. 
It is important to reali2e that this spare computer 
provides us with replacement components which would 
otherwise be difficult and costly to obtain. 

Presently we have four Image Plane Digitizers 
(1PD) capable of scanning and digitizing most bubble 
chamber photographs, including FNAL 15-ft. film. 
During the past year additional modifications were 
made on two IPD's so that presently we have 3 IPD's 
with dual magnification. The magnifications used 
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Ate l5x and 50x, although other magnifications are 
also, possible. This dual magnification makes our 
machines comparable to the FHAL HOMM's. 

Two CRT computer terminals were designed and built 
to be used by physicists to be connected to either 
our £MR6050's or to the University's CDC6400 computer. 

Work has progressed on a microprocessor system. 
We anticipate that in the future we will need micro-
processor systems for data acquisition with bubble 
chambers and electronic counter systems at National 
Labs. 

11. Experimental Research Program 
A. 250 and 360 GeV/c TT~P Experiment with the 15-foot 

bubble Chamber (S. Kagopian, J . E . Lannutti, P. Hays, 
i. Albright, V. Eagopian, R.N. Diamond) 

This experiment is being analyze*3. in collaboration 
with Russ Huson's group at the Fermi national Accel-
erator Laboratory. It began as the initial engineer-
ing run of the Fermilab 15-foot bubble chamber (Ex-
eriment #234). The exposure was made during October 
974 and *46K useful pictures were obtained with an 

average of 4 tracks per picture - a sensitivity 
level of about 1.2 events/vbarns - with about 0.64 
events/picture. A second exposure of 2OK pictures 
was obtained last February at 360 GeV/c as the first 
part of a 20OK approved exposure. 

Tiirouqhout this report period measurements have 
been continued on various topologies in this experi-
ment. 

Tile physics interests in this experiment are mani-
fold, and include: search for charmed particles, 
search for particle production mechanisms via in-
clusive studies of neutral strange particles, y's 
and IT°' s, study of the diffraction excitation of the 
beam IT", etc. 

The first scan of the film has been completed and 
a second scan is essentially complete. This has been 
a thorough scan, prong count, beam count, and Vee and 
gamma conversion pair search. A partial list of 
various topologies on the film is as follows: 
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Number Number Percentage 
Available Measured Measured 

Primary events ~20K ~ 3. OK ~15% 
4-prongs ~3.0K ~1K -33% 
6-prongs ~3.5K 0 0 
Events with 
stopping pro-
tons ~6K -0.3K "5% 

All GVA's* -29K ~BK ~2B% 

Gammas(i.e. GA's) -26K ~4K -15% 
Primary events 
With GVA's -12K ~2.0K -17% 
V's & A's as 
strange part. 
candidates -5. OK "5.OK !*>0» 
Primary events 
With identified 
K's or A's -0.9K -0.8K -90% 
*"G"-definite gamma, "V"-definitely not gamma, "A"-ambiguous 

the first emphasis in measurements has been on 
finding and analyzing events with neutral strange 
particle production. This effort can be best appre-
ciated if one observes from the table above the large 
"background'' of y-conversion electron pairs. There 
Ate on the average about 1.3 y-conversion pairs per 
event. Of course, these y's are of interest in them-
selves, and after completion of the strange particle 
effort, we have undertaken a massive effort to meas-
ure a large fraction of the gammas. 

Being the first experiment with the world's new-
est, largest chamber, there has been a great deal of 
pioneering work in establishing optical and magnetic 
field constants, trying scanning strategies, deter-
mining treasuring errors, implementing computer data 
processing programs (HYDRA from CERN) on the PDP10 
at Fermilab and our CDC6400 at PSU, altering scanning-
measuring tables, reorganizing and writing on-line 
computer programs for measuring tables, training 
scanners for large chamber film, setting up hardware 
and software on the ftrmilab semi-automatic measurer 
(S/XM) to process PSV digitized data, etc. 

Analyses in progress: 
Search for Charm: Using approximately 660 primaries 
with identified K*'s, effective mass combination of 
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K I T , K 2 I T, and K3TT, S O far no Statistically significant 
evidence for charm has been found. At present we are 
in the process of completing measurements rof all pri-
maries with single K°'s or A's and intend to make 
effective mass-combination tests based on p- cuts 
and relative rapidities. Also, under the_assumption 
that the D lifetime may be larger than 10~1 3 seconds 
we are analyzing the distance by which 1-C fitted 
K0,s miss their associated primary vertices. Further, 
under the same lifetime assumption, pairs of secon-
daries having masses near the D ( 1 8 6 5 ) are being ex-
amined for gaps near the primary vertex. 

Inclusive Strange Particle Production; A paper on 
these results has been prepared. However, it has not 
been released for publication subject to a need for 
examination of a possible bias in backward-produced 
A's. All events have been reprocessed in the updated 
version of the Hydra geometry program and, indeed, it 
appears that the earlier geometry program did not 
properly fit slow A's. 

Multiplicity Study: The cross sections for various 
multiplicities were reported last year and compari-
son with other experiments show consistency and crude 
agreement with KNO scaling as has been found by 
others. However, we believe that further analysis 
in terms of the two component models, the a-model, 
and the pp-model are necessary and fits to these 
will be made. So far the assumption of two com-
ponents, each consisting of production of pion pairs 
according to Poisson distributions, seems to fit the 
data well. These fits are being made to other ex-
periments at other energies for comparison. 
Inclusive Photon Production: During the last half of 
this report period, the FSU measuring facility has 
been devoted to a systematic measurement of v-con-
version electron pairs. Of the 12,000 available events 
with G's, V*s or A's, ~2000 have been measured so 
far, i.e., -4300 pairs. After an initial period of 
several months during which our average measuring 
rate was low due to electrical-mechanical problems 
with our IPD's we now have a rather smoothly working 
measuring group capable of an average of at least 400 
Y's per week. Measurements and their processing are 
still in progress and continuing. So far, on a pro-
cessed sample of 3000 pairs, there are -240 lc gammas 
and ~1800 3c gammas (1500 events with 3c y's). 

Several papers were given on this experiment at 
various meetings and conferences (see Enclosures Ale, 
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A2b, A2c and A2d). A summary of the Charm resonance was 
also given during an invited talk at the 18th Inter-
national Conference of High Energy Physics held in 
Tbilisi, Georgia, USSR (see Enclosures Dl and Fll). 

ft. it+d at 15 GeV/c in the SLAC 3 2-inch Bubble Chamber 
(V. Hagopian, S. Hagopian, J . Lannutti, J. Albright) 

900,000 photographs have been scanned and over 
90,000 events measured. The first half was measured 
ott the University of Pennsylvania HPD and the 
second half on the University of Tennessee Spiral 
Reader at Oak Ridge. Some strange particle events 
were measured on our Image Plane Digitizers, ilany of 
the various event types have been analyzed with many 
more to be analyzed in the future. Below are the 
highlights of the analyses during tne past year. 
Search for Charm: Both lonq-lived and short-lived 
narrow resonances with K°, K1 and A were searched for. 
No evidence of short-lived charm was observed, putting 
Upper limits of 1 to lOpb for masses up to 2 . 5 GeV. 
A paper giving the results was published in Physical 
Review Letters (see Enclosure E2). In the same 
paper we reported the observation of a high-mass V 
which had a KIT mass of about 1 . 9 GeV. Imagine our 
surprise when over six months later SLAC found the 
Kir resonance at the same mass. We remeasured this 
event on our much more accurate measuring machine 
and our final KTT mass came to be 1 . 8 6 0 ± 0 . 0 2 5 GeV. If 
our event is the same KTT Charm meson, then our event's 
lifetime of 2x10"10 sec. suggests that the Charm 
meson may have a lifetime 1 to 2 orders larger than 
anticipated. This long lifetime can also explain why 
so many counter experiments did not observe it, e.g. 
Ting's experiment at 3NL which looked at events 
coming from the target, while a long-lived one will 
decay outside the target and be rejected. Our event 
corresponds to 50yb/nucleon. A short paper detailing 
this event has been written which will be submitted 
for publication (see Enclosure F6). An invited talk 
on searches for Charm resonances in bubble chambers 
has been given at the Tbilisi International Conference 
which will appear in the proceedings (see Enclosure 
til). 

K£K£ Final State: The K|K| mass distribution showed 
£he S* resonance but at very high momentum transfer 
|t| A careful search of the literature showed that 
nil S*->K|Ks produced by TI~ beams were at low t and 
not vice versa, i.e., no low t S*-*-K§K| with a 7t+ 
beam* There is a duality argument using quarks that 
predicts such an effect. If so, then isotopic spin 
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Appears violated. With less statistics the same is 
also true for the f, A2 region decaying into KK. Our 
data were the first to show S*-»-K|K| at large values 
of |t|. Papers on these results were published in 
Physical Review and Seattle Conference Proceedings 
(see Enclosures E3 and E4). At present we have 
doubled the statistics and are in the process of 
analyzing them. 
LPS Analysis of 7T+n->"rT+7T"p: This reaction is about 
50% pion exchange, 50% Pomeron exchange and a very 
small amount nucleon exchange. We have over 3000 
events of this type. The usual process of extracting 
the pion exchange is to limit the data to low t and 
possibly extrapolate to the pion pole. !<7ith the 
statistics available this was not possible. The pro-
minent features of the data were the p, f, N* and 
No g is easily observable. The unusual analysis that 
we performed is Longitudinal Phase Space (LPS). The 
Longitudinal Momentum was used to separata various 
exchange mechanisms. In order to check the validity 
of this analysis, Monte Carlo events were generated 
by the One-Pion-Exchange model with Absorption (OPEA). 
The comparison of the model to the data yielded that 
fot low masses M(inr)<1300 MeV the LPS is useful to 
separate exchanges, e.g. ^-exchange with both IT" and 
ir**" longitudinal momentum in initial ir+n system to be 
positive, Pomeron exchange, only TT+ longitudinal mo-
mentum positive, etc. For higher masses a small mo-
dification of LPS was necessary due to kinematical 
constraints. To our surprise and joy the LPS analy-
sis btougnt out the g-»-ir+n— resonance very clearly. 
A Ph.D. dissertation was written on this subject 
(see Enclosure Bl). A short paper was presented at 
the APS meeting (see Enclosure A2a) and also a paper 
is to be submitted to Physical Review (see Enclosure 
E5 ). In this part of the analysis our theoretician 
J. Kimel worked with the experimental physicists. 
LPS Analysis of 7r'*'n-MT+Tr~7T0pi This analysis is similar 
to the 2-pion final state, except that the third pion 
made the longitudinal momentum a 3-dimensional analy-
sis. Such an analysis was performed separating the 
various exchange mechanisms which produced the ui, 0, 
f, L, N*, etc. No model calculations and comparisons 
wete performed. This was part of a Ph.D. dissertation 
which eventually will be incorporated in a paper 
(see Enclosure Bl). 
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n*d-Mr+,tr,f'ir~d: Under the supervision of J.D. Kimel a 
theoretical Ph.D. dissertation was written using the 
data of this experiment (see Enclosure B3)• A one-
pion exchange Deck model for the reaction ir+d->-n+'ir+ii~'d 
is developed and applied in an analysis of the data 
for the reaction ir+d at 15 GeV/c. The model includes 
a complete symmetrization of the amplitude in the 
three pions, and a phase shift parametrization based 
on experimental parameters for the TTIT scattering 
amplitude over the energy range from threshold to 
2.0 GeV. Since the model employed here is intended 
to describe beam dissociation phenomena/ a Region 
1 Longitudinal Phase Space selection is made on the 
data and is compared with the model. In addition, 
subenergy unitarity (rescattering) corrections based 
on the prescription of Lasinski, Goradiet, Tabak, and 
Smadja are included in the model and these predic-
tions are compared with the data and the bare Deck 
model predictions. A paper is also under preparation. 

RESURX System: A fairly major program was written 
during the reduction of these data using a Tektronix 
4010 display unit to resurrect data that failed the 
normal processing system. The system recovered over 
50% of the failed events. A paper on this system was 
published in Reviews of Scientific Instruments (see 
Enclosure El). 

C. K*d Between 470 and 850 MeV/c (J. Albright, J. Lan-
nutti, j. Kimel/ P. Williams, P. Madden/ W. Morris) 

These are the most extensive data available at 
these energies and analysis of the measured data con-
tinues. We will only give the highlights. 
A Partial Wave Analysis of the Reaction K"n-»ATr~7T0 
from 1610 to 1750 MeV was completed, cross sections 
and angular distributions were fitted using the iso-
bar model analysis. The most prominent feature of 
the data/ a striking asymmetry in the overall ATT 
helicity decay angular distribution, is explained via 
the inclusion.of a small (20%) unitary background in 
the 2 (l385)-*ARR decay amplitude. A Ph.D. dissertation 
was written (see Enclosures B2 and Alb). 
The Reaction K"n-»Air~ from 1550 to 1650 MeV: The 
cross section for this process has been measured. An 
energy dependent partial wave analysis was performed 
and two acceptable solutions were found. The first 
solution has no resonance below 1670 MeV, while the 
second and better solution needs an S ^ resonance 
at 1600+6 MeV T=90±20 MeV. A paper has been sub-
mitted for publication (see Enclosure F7)* 
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The Reaction K~d-»K~np at 727 MeV/c: From 5552 
examples of deuteron breaking by K~ bombardment in a 
deuterium bubble chamber we have obtained the spec-
trum of four-momentum transfer and found that it 
agrees with a Glauber model fr.r A2<0.4 (GeV/c)2. He 
Used a spectator model to obtain K~p elastic differ-
ential cross sections that agree well with hydrogen 
data and which suggest that our K"n elastic differ-
ential cross sections are valid. A partial-wave 
fit indicates that apart from the well-known £(1670), 
no resonance with high elasticity is present in this 
energy region. A paper has been submitted for pub-
lication to Nuclear Physics (see Enclosure F2). 

Work is still in progress for several other final 
states (see Enclosures Ala and A2e). 

D. MPS Progress Report - Search for = * Resonances Using 
frhe Multipart c; la Spectrometer (I1PS) at r̂ NL (Approved 
experiment Ho. 673 for 500 hours.) (V. Haaopian, S. 
Hagopian, R. Diamond, W. Morris* J. Lannutti, J. Albright) 

During the past year major effort was made by this 
group in the collaborative w>rk with 3NL for the 
search of =* resonances using the MPS at BNL. This 
experiment uses a K" beam of about 5 GeV/c and a slow 
1C+ trigger to fire all the spark chambers in the 
system. Every time a K~ goes in and a K+ comes out a 
change of two units of strangeness occurs. This 
trigger selects most of the =* resonances, as well as 
other final states which are not cascade resonances. 

We estimate that this experiment will have a sen-
sitivity of 1500 events per microbarn. The physics 
background of this experiment is that only two or 
possibly three cascade resonances are confirmed. 
Recently two bubble chamber experiments with sensi-
tivities of 70 events/ub and 35 events/ub have re-
ported approximately 10 different cascade resonances. 
Upon looking at their data carefully it's obvious 
that most of these claims are statistical fluctuations. 
In addition, another experiment, using the streamer 
chamber at SLAC, has also searched for cascade reso-
nances with about 70 events per microbarn. They do 
have many peaks but these do not have the same masses 
as the bubble chamber experiments. So we can say that 
the fieJd of cascade resonances is very much in the 
dark at the present time. The guark model predicts the 
existence of a =* decuplet and this experiment will 
provide a good test of the model. 

our experiment, which is in collaboration with the 
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new group at Brookhaven National Laboratory (McGill 
University having dropped out of this experiment) will 
be run simultaneously with another =* search. This 
other experiment is being done by Syracuse/Brandeis 
collaboration. It might turn out that in the final 
experiment all. four groups will work together on both 
of these experiments. Our experiment needs two H+ 
detectors; one was loaned to us by Imperial College, 
which had an effective area of 100cm x 64cm. We are 
in the process of bui3.ding a bigger one, one that is 
110cm x 140cm and scheduled for completion during 
the Summer of 1977. 

The K+ detection technique is essentially slowing 
down and stopping the K+ and looking for the decayed 
y or it in a time-delayed mode. We have undertaken 
the major responsibility of designing and overseeing 
the construction of this new K+ detector. One of us 
(V.tt.) spent one month last Summer at ENL working with 
an engineer where the design was finalized. Present-
ly we are in the process of establishing the bidding 
specifications of the brass plates needed to slow 
down the K+(~$5000) which we will buy and then machine 
at PSU. In addition, as part of our contribution to 
this experiment and in consultation with Brookhaven 
National Laboratory colleagues it was decided that it 
would be better if our major contribution comes in 
the form of a research associate :.ather than more 
equipment. We have complied with this request and 
have one research associate full-time at Brookhaven 
since last April. This research associate in addi-
tion to working on this experiment is also learning 
all about the operation of the MPS; he is currently 
working on the approved experiment which is the 
search for charm using a high-mass trigger in con-
junction with a K+-trigger. Our university is not 
a part of this collaboration although our Research 
Associate is. We view this as needed training be-
cause when our experiment runs we will need people 
who are very familiar with the MPS system. Several 
of us have made many trips to Brookhaven National 
Laboratory for the design and building of this equip-
ment* We expect this experiment to run some time 
during 1977. 

We also have a proposal to study coherent reactions 
of u"d many IT'S + deuterium. At the present time 
we have requested BNL to defer this experiment to 
give us time to work on this cascade experiment. 
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E. Beam Design at CERN (J.R. Albright) 
One of our members, J. Albright, will be at Cam-

bridge University between August and December 1976 
working with Prof. Bill Neale in building a separated 
K~beam into the BEBC at CERN. This is the S3 beam 
which already has been designed and is supposed to 
have an RF separated K-beam of up to 150 GeV/c. Al-
bright is presently working on the parameters needed 
for the tuning and is expected to start tuning in 
November of this year when the SPS becomes available . 
This work is preparation for an experiment with BEBC, 
most likely K~p, in collaboration with the Cambridge, 
England, group. 

P. Software Development (S. Hagopian, P. Ha/s) 
During the past year improvements were made on 

various computer programs to handle the FNAL 15-^oot 
bubble chamber better. Doth the geometry and kine-
matics (HYDRA) were improved which resulted in better 
passing rates. A plotting program was adapted (ERGON) 
to work with HYDRA output and an accounting program 
written to keep track of scanned and measured events. 

Software development has started for our online 
EMR6050 computer so that several functions can be per-
formed simultaneously. For example, one machine can 
scan while another measures. This new software is 
hot yet completed, but we expect it to become opera-
tional by next Summer. A text editing system was 
written for the EMR to allow rapid changes in source 
code by entering commands on the CRT. 

111. Theoretical Research Program 
A. Gravitation and Magnetic Monopoles (P.A.M. Dirac, L. 

kalpern, R. Parsons) 
In November 1975 a workshop was held in Tallahassee 

on the variation of G, to which several experts were in-
vited. The workshop was necessary because many 
people did not properly understand Dirac's view's 
about the Large Numbers Hypothesis and in consequence 
were not evaluating their observations correctly. 

birac gave an introductory talk to explain what 
was wanted (see Enclosure G2)t Van Flandern spoke about 
his lunar observations, which give definite evidence for 
varying G, combined with the assumption of multiplicative 
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creation of matter. Reasenberg, who works with 
Shapiro on radar reflections from the planets, gave 
his evidence. His results are not yet as accurate 
as Van Flandern's and do not show definitely that G 
is varying. As far as they go they seem to support 
additive creation, in disagreement v/ith Van Flandern. 
Further work is needed, by both Van Flandern's and 
Shapiro's teams, to resolve this discrepancy. 

Muller spoke about the evidence provided by ancient 
eclipses on the variation of the rate of rotation of 
the earth over long periods of time. This should 
eventually give information about the variation of G. 

The question of measuring <S/G by terrestrial laboratory 
experiments was also discussed. R. Ritter, who works 
with J. Beams, presented a detailed description of 
their method of measuring variation of G in the labor-
atory and L. Halpern and C. Long suggested two dif-
ferent laboratory methods using superconductivity (see 
Enclosure G3). 

A proceeding of the conference has been submitted 
for publication (see Enclosure Gl). Some correspon-
dence with V. Mansfield (Colgate University, Hamilton, 
NY) has led to a revision of the numerical values of 
matter density in intergalactic space by which the 
microwave radiation is scattered in accordance with the 
Large Numbers Hypothesis. 

fcirac's method of avoiding the infinities of field 
theory by dealing with extended particles has been 
developed. It has been applied to magnetic monopoles 
and works successfully, providing the monopoles never 
overlap with electric charges. This work was reported 
on at the Coral Gables Conference on High-Energy 
Physics in January 1976 and has been published in the 
report of the conference called "New Pathways in High 
Energy Physics" (see Enclosure E8). 

birac gave the first lecture in Europe about the 
ESU work on *:he superheavy nuclei (in Lindau, Ger-
many, in June 1976). 

He will give a lecture at the Pontifical Academy 
of Sciences in October 1976 about "Heisenberg's 
Influence on Physics." This will be published by the 
Academy. 

Leopold Halpern has apart from the above, continued 
his work on the extended gauge principle of the gener-
al relativistic Dirac equation. The paper, "On the 
Gravitational Analogue of the Magnetic Monopole," 
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was accepted for publication in Foundations of Physics. 
The work was extended from gravitation and electro-
tnagnetism to weak interactions (see Enclosure F3). 

R. Farsons, who completed his Masters Thesis on 
Spherically Symmetric Gravitational Collapse, continues 
to work on the problem of gravitational collapse in 
the presence of electromagnetic background radiation. 
Mis work will be submitted for publication to a scien-
tific journal as soon as some additional results for 
the extreme situation of the collapse are obtained 
(see Enclosure F3). 
The Role of Aj Exchange in the Reaction TT"p->-(iT+Tr~)n 
(J. Kimel, J. Owens) 

Data have recently become available, at 17.2 GeV/c, 
which show strong target polarization effects for the 
reaction TT~p-»-(TR+7r~)n. These data require the pre-
sence of an exchange with the quantum numbers of the 
Al» A simple model based on TT, A2 and Itegge pole 
exchange together with parametrised n=Q cuts is found 
to provide an excellent description of both the polar-
ized and Unpolarized data. The resulting structure 
of the Ai dominated amplitudes is discussed and the 
results are compared with earlier models which ne-
glected Aj. exchange effects (see Enclosure Fl). 

C. Longitudinal Phase Space Analysis of TT+n+Tr+Tr-p at 
15 GeV/c (J.D. Kimel) 

This collaborative effort between the experimental 
and theoretical groups is discussed in detail under 
the experimental section (see Enclosure F5). 

0. TT+d->-Tr4TT-hT-d at 15 GeV/c (J.D. Kimel, D. Gluch) 
This work resulted in a Ph.D. dissertation which 

analyzed the data of the experimental group. It is 
discussed in detail under the experimental se'ction 
(see Enclosure 33). A paper on this subject is also 
under preparation. 

fe. Dynamics of the Pulsed t3V Nitrogen Laser (J.D. Kimel) 
As an example of the intradepartmental cross-speci-

ality research, we have recently completed some theo-
retical work on the dynamics of a pulsed ultraviolet 
nitrogen laser as constructed by one of the solid 
state groups here. Using a simple phenomenological 
model, motivated by particle physics scattering ideas, 
we calculate the threshold conditions, the power, pulse 
width, intensity and line width as a. function of length 
and inversion density. The results are in excellent 
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agreement with the data of this laboratory and else-
where (see Enclosures E5 and E6). 
Spin Dependence in Inclusive Reactions (J. Owens) 

The study of inclusive reactions of the type a+b-* 
c+x (where x represents a summation over all phys-
ically allowed" particle states) is the most practical 
way of investigating the dynamics of particle pro-
duction at high energies. I am currently studying 
the spin dependence of such reactions. This investi-
gation is being performed, in part, with Prof. G.R. 
Goldstein of Tufts University 11]. We have recently 
completed a phenomenological analysis of the reaction 
t>p-»-A+++X. A paper has been accepted by Nuclear 
Physics (see Enclosure F4). Particular attention 
was paid to the role of absorptive corrections (or 
Regge cuts) in this reaction. The model used in this 
analysis is currently being extended to pseuuoscalar 
meson production reactions. 

The class of reactions ap-*A+X (a=7r±,K±,p,p) is 
particularly interesting since the decay angular 
distribution of the A allows one to dptermine the A 
polarization. This, in turn, yields information 
concerning the dynamics of the production mechanism 
[2]. 1 am currently collaborating with Prof. K.J.M. 
Moriarty of Royal Holloway College, England, in an 
investigation of the A polarization in pp-*A+X at 
energies in the range accessible at the Fermi National 
Laboratory. 
References t 
1. G.R. Goldstein and J.F. Owens, Nucl. Phys. B103, 

145 (.1976). 
2. J.F. Owens, Phys. Lett. 636, 341 (1976). 
Analysis of Three-Body Final States (P. Williams, P. 
Madden) 

Our formulation of the partial wave isobar model 
has been applied to the reaction K~+n-*-A+ir""+iT0 for 
c.m. energies in the range 1620-1730 MeV to find pro-
perties of I* states decaying to Ainr through the S 
(1385)ir intermediate state. This work is included in 
the dissertation of P.M. Madden (see Enclosure 152). 
Essentially, we did see some activity in the 3/2+ 
partial wave, compatible with our earlier analysis of 
the r+it final state. Probably our most important 
finding was the realization that a marked asymmetry 
in the Air decay helicity polar angle was understand-
able as a simple interference effect on the Dalitz 
Plot due to a known small unitary background to the 
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feteit-Wigner amplitude arising from the inelasticity 
of the E ( 1 3 8 5 ) - » - A I T transition. 

Along the way,we came to rather firm conclusions 
on the fruitfulness of this sort of work: (1) we 
cannot establish new resonances and their quantum 
numbers with three-body data; (2) we should only 
attempt to get branching ratios for the E*-»Y*ir tran-
sitions, which are interesting in themselves and also 
for deciding among higher symmetry schemes. 

H. Diffraction Dissociation (P.K. Williams) 

A paper "Model Bounds on Slopes for Inelastic 
biffractive Processes" has been submitted for pub-
lication (see Enclosure F12). Here, factorization of 
the s-channel partial wave amplitudes combined v/ith 
limited t-channel factorization leads to (new) upper 
and lower bounds on the slope parameters for in-
elastic diffractive processes. These bounds are 
shown to be nearly saturated experimentally. Further 
work along these lines is continuing. 

1. Absorption Weakening in Production of Higher 'lass 
States (P.K. Williams) 

Presented in last year's progress report and now 
published (see Enclosure £9). 

J. Non-Abelian Magnetic Charge and Lorentz Invar iance 
(L. Th€baud) 

Presented in last year's progress report and now 
published (see Enclosure ElO). 

IV. Exchange Science Visit of V. Hagopian and S. Hagopian 
to the Soviet Union 
the trip to the Soviet Union was during the months of 

May, June and July of 1976, after which on the way back we 
passed by CERN and Rutherford laboratories. A fairly exten-
sive trip report has been written (see Enclosure Dl)» 

OUt trip to the Soviet Union had a short- and a. long-
tange objective. The short-range objective was to find out 
the scientific and social activities at Erevan Physical In-
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stitute and work with them on one or more experiments. Be-
cause of the short stay we were not able to participate in 
ari ongoing experiment, but were more as consultants. We 
learned about the progress of transition radiation detectors 
that have been developed at EPI. In addition, we increased 
our knowledge of new theoretical and experimental effects 
in it-propane interactions. We found out what working con-
ditions are like in the Soviet Union for physicists. One 
major area of our work there was using their most advanced 
computer, BESSUM6, to execute an automatic track following 
program to operate on events measured by the automatic 
measuring device call the HPD. In the course of adapting this 
program we learned about their computer system and hardware. 

The physicists at EPI learned a lot more from us. They 
learned about how to modify a Western computer program and 
use a large data-processing computer program using the most 
sophisticated computer techniques available (this was their 
first large-scale computer program). Their knowledge of 
high energy physics, facilities and life in the U.S. in-
creased tremendously. 

Almost all of the official people with whom we came in 
contact, with the exception of INTOUHIST, were very helpful 
to us, including the administration of EPI, the State Com-
mittee of Atomic Energy and the international offices o£ 
Dubha, Serpukhov, and ITEP, the laboratories that we visited. 
We found most of the higher-level physicists we met to be 
intelligent and hard-working, and the Armenian physicists 
especially friendly. 

Waving learned about their capabilities and limitations 
we can address ourselves to long-range objectives and future 
prospects. The greatest need that we see for the physicist 
at tip I is more contact with Western physicists. Towards this 
objective we would like to bring several of their young active 
physicists to come to Florida State and work with us on one 
of our current bubble chamber experiments. This will be of 
tremendous value to both them and us* After they gain some 
experience, a formal collaboration is ouite a good possibility 
where they can contribute equally. We would also like to 
encourage other U.S. physicists to spend about one month at 

We do not plan to return to EPI in the near future, 
but short visits for planning and executing collaborative 
experiments is a definite possibility. Even though EPI 
has lagged behind in High Energy in the Soviet union, we 
believe their user groups (i.e. those who take data at Ser-
pukhov and to a less extent at Dubna) can do first rate 
physics in the near future. Their y+A experiment at Serpu-
khov already confirms this belief. 
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During July 15-21, 1976, we attended the 18th Inter-
national Conference of High Energy Physics in Tbilisi, 
Georgia, USSR, where one of us was invited to report the 
latest results of charmed resonance searches in bubble 
chambers. This talk should appear in the conference pro-
ceedings (see Enclosure Fll). 

In conclusion, this trip was very much worthwhile not 
only for the scientific value but also for the social value. 

Curing the 1976 joint meeting of the USSR and the US 
committee to plan the 1977 calendar year we proposed to bring 
two Soviet scientists to work on bubble chamber experiments 
with us here. At that time the Soviet people said they would 
like to postpone it for one year and have their scientists 
come in 1978, rather than 1977. We agreed to this and we'll 
soon write a letter to the Director of the Erevan Physical 
Institute exploring this possibility further; we hope that 
we'll- be able to have two people during the calendar year 
1978. 

This proposed future exchange does not involve any funds 
during the next contract year, but it may in future 
years, so we'll see how the progress goes on. Of course, the 
probability of success with anything done jointly with the 
Soviet Union is not very high. 

We would like to take this opportunity to thank the 
people at ERDA, especially the high energy group as well as 
the members of the international part of ERDA for helping us 
with all the arrangements that were necessary to make this 
trip a success; we would especially like to thank Mr. William 
Pehkowsky for his help. 
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ENCLOSURES TO PROGRESS REPORT 
for the period 1 October 1975 to 31 October 1976 

A. Papers Presented at Meetings 
1. APS New York Meeting, February 1976; 3ull. Am. Phys. 

Soc. Vol. 21, No. 1 (1976). 
a. "K~d Interactions in the Region from 1500 to 1650 

MeV C-M Energy," by N. Ezquerra, W. Morris, and 
J. Lannuttii p. 71. 

b. "K~d Interactions in the Region from 1580 to 1720 
MeV C-M Energy," by P. Madden, J. Albright, and 
P. Williams; p. 71. 

c. "Production of Single and Multiple Neutral Strange 
Particles at 250 GeV/c," by S. Kahn, D. Eogeft, 
R. Hanft, R. Karris, F. Iluson, C. Pascaud, W. 
Smart, J. Albright, S. Hagopian, P. !!ays and J. 
Lannutti; p. 87. 

2. APS Washington, D.C., Meeting, April 1976; Hull. Am. 
Phys. Soc. Vol. 21, No. 4 (1976). 
a. "LPS Analysis of the Reaction ir+d-»-iT+7r~pps at 15 GeV/c," by J. Richey, S. Hagopian, V. Hagopian, 

C. Home, J. Kimpl, B. Wind, H. Cohn, W. Bugg, 
Cohdo, and E. Hart; p. 569. 

b. "Mass Distributions and Correlations in Events 
Containine Neutral Strange Particles," by D. 
feogett, R. Ilanft, R. Harris, s. Kahn, F. Huson, 
W. smart, J. Albright, S. Hagopian, P. Hays, and 
J. Lannutti; p. 593. 

c. "Multiple Neutral Strange Particle Production in 
ir"*p Interactions at 250 GeV/c," by D. Bogert, R. 
ttanft, R. Harris, S. Kahn, F. Huson, W. Smart, J. 
Albtight, S. Hagopian, P. Hays, and J. Lannutti; 
p. 593. 

d. "A Search for Charmed Particle Production in 7r**p 
Interactions at 250 GeV/c," by P. Hays, J. Al-
bright, S. Hagopian, J. Lannutti, D. Bogert, R. 
Hanft, R. Harris, S. Kahn, F. Huson, and W. Smart; 
p. 593. 

e. "Observation of a £(1620) in A®7r~, A°ir-ir0 and 
E*tt- Final States in Low Energy K-d Reactions," 
by N. Ezquerra, W. Morris, J. Albright, A. Col-
letaihe, and «1. Lannutti; p. 645. 

J> 
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B. Ph.D. Dissertations 
j 

1. "Longitudinal Phase Space Analysis of the Reactions 
it+n-MT+N~p and TF+n-»-IT+'TR~TT0P at 15 GeV/c," by J.E. 
Richey, FSU Publication HEP-76-6-18 (1976). 

2. "A Partial Wave Analysis of the Reaction K-n+An-ir0 
from 1610 to 1710 MeV," by P.B. Madden Jr., FSU 
Publication HEP-76-9-7 (1976). 

3. "A Deck Model Analysis of the Reaction IR+d-»TR+TR+TR""d 
at 15 GeV/c," by D.P. Gluch, FSU Publication HEP-
10-25 (1976). 

C. M.S. Theses 
1. "Spherically Symmetric Gravitational Collapse with 

Radiation," by R.K. Parsons, FSU Publication H E P -j » -
5 (1976). 

D. Special Report 
1. Foreign Travel Report of Vasken and Sharon Hagopian 
to the USSR, May-July 1976. 

6. Papers Published 
1. "RfiSURX: A Computer-Assisted Human Intervention 

System for High-Energy Physics Data Reduction," by 
N. Pewitt, S. Hagopian, V. Hagopian, and B. Wind, 
Rev. of Sci. Inst. £7, 427 (1976). 

2. "Search for Charmed Mesons and Baryons," by V. Hago-
pian, D. Wilkins, B. Wind, S. Hagopian, J. Albright, 
J. Lannutti, N. Pewitt, C. Horne, and J. Bensinger, 
Phys. Rev. Lett. 36, 296 (1976). 

3. "Resonances in the KgKs System," by D. Wilkins, J. 
Albright, S. Hagopian, V. Hagopian, and J. Lannutti, 
Phys. Rev. D 13, 1831 (1976). 

4. "Duality and Low Mass KK Resonances," by V. Hagopian, 
J. Albright, S. Hagopian, J. Lannutti and D. Wilkins, 
Proc. of DPF meeting in Seattle, Wash., p. 277; Ed. 
H. Lubatti, Amer. Inst, of Phys., t» (1975). 

5. "Pulsed UV Nitrogen Laser: Its Intensity and Line-
width," by P. Richter, J.D. Kimel and G. Moulton, 
Appl. Optics 15, 1117 (1976). 
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6. "Pulsed TJV Nitrogen Lasers Dynamical Behavior," by 
P. Richter, J.D. Kimel, and G. Moulton, Appl. Optics 
15, 756 (1976). 

7. "theory of Magnetic Monopoles," by P.A.M. Dirac, 
New Pathways in High Energy Physics, ed. Arnold 
Perlmutter, Plenum Pr., NY; p. 1 (1976). 

8. "Cosmological Models and the Large numbers Hypothesis," 
by P.A.M. Dirac, Proc. Royal Soc. Lond. 338, 439 
(1974). 

9. "Absorption Weakening in Production of Higher-Mass 
States," by P.K. Williams, Phys. Rev. D 12, 3572 (1975). 

10. "Non-Abelian Magnetic Charge and Lorent^ Invariance," 
by L. Th£baud, Phys. Rev. D 1673 (1976). 

Papers Submitted for Publication 
1. "The Role of Ai Exchange in the Reaction Tr̂ p̂ ir̂ Tr'n," 

by tf.D. Kimel and J.P. Owens. Submitted to Nuclear 
Physics. 

2. "Reaction K-d->K~np at 727 MeV/c," by J. Albright, 
<1. Lannutti, and R. Uieckowicz. Submitted to Nuclear 
Physics. 

3. "On the Gravitational Analogue of the Magnetic Mono-
bole," by L. Halpern. Accepted for publication by 
Foundations of Physics. 

4. "The Role of Absorptive Corrections in a Triple Regge 
Analysis of pp-*-A++X," by G. Goldstein, and J. Owens. 
Accepted by Nuclear Physics. 

5. "Longitudinal Phase Space Analysis of ir+n-MT+it p at 15 
GeV/c," by J. Richey, V. Hagopian, J. Kimel, S. Hago-
pian, J. Lannutti, B. Wind, C. Home, N.D. Pewitt, J. 
Behsinger, and II. Cohn. Submitted to Phys. Rev. 

6* "details of the Long-Lived V as a Charm Meson Can-
didate," by V. Hagopian, D. V?ilkins, B. Wind, S. Ilago-
ian, J. Albright, and J. Lannutti. Submitted to 
hys. Rev. Lett. 

7. "the Reaction K~n-*A°ir~ from 1550 to 1650 MeV," by W. 
Morris, J. Albright, A. Colleraine, J. Kimel, and J. 
lannutti. Submitted to Phys. Rev. 

ft. "An Approach to a Unified Treatment of Electromagnetic 
And Gravitational Theory Emerging from the Covariant 
birac Equation," by L. Halpern. Accepted for pub-
lication in Proceedings of Marcel Gtossmann Conf.; 
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copies were attached to last year's prog, report, 
publication has not yet appeared. 

9. "Gravitational and Inertial Effects on Supercon-
ducting Shielding," by L. Halpern, and J. Perk. 
Accepted for publication by Physica; copies were 
attached to last year's prog, report. 

JO. "Conclusions from the Extended Gauge Principle of 
birac's Equation," by L. Halpern. Accepted for pub-
lication in the Proceedings of the Bonn Conf. on 
differential Geometry and Physics. 

11* "Search for Narrow Resonances Using Bubble Chambers," 
by V. Hagopian. To appear in Proceedings of the 18th 
International Conf. on High Energy, in Tbilisi, USSR. 
Copies not supplied as only copy is with editor of 
Proceedings (no Xerox in USSR). 

12. "Model Bounds on Slopes for Inelastic niffractive 
Processes," by P.K. Williams. Submitted to Phys. 
Rev. 

feook Submitted for Publication 
1* "Proceedings of the Workshop Meeting on the Measure-

ment of Cosmological Variations of the Gravitational 
Constant." (copies not available) 

In this book there are two articles by our members which 
Are listed below. 

. 2» "Introduction to the Basic Ideas of the Large Number 
Hypothesis," by P.A.M. dirac. 

3. "Two Methods for Measuring the Variation of the 
Gravitational Parameter, G, Using Superconducting 
technology," by L. Halpern and c. Long. 


