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GENERAL PHYSICS RESEARCH 

PHYSICS RESEARCH 

Luis W'. Alvarez in charge 

LIQUID-HYDROGEN BUBBLE CHAMBERS 

Luis W. Alvarez, J. Donald Gow, and group 

4-InchChamber Test Runs 

The 4-inch chamber was used for te sting bubble -chamber operation 
with deuterium. Succes sful operation was obtained with a deuterium 
temperature of 33 0 to 340 K, vapor pressure of 115 psia, and expanded 
pressure of 50 psia. No trouble with boiling due to tritium contamination 
was observed. The 10-inch chamber can therefore b~ operated with deuterium 
without changes, and the present 72-inch design is more than adequate for 
such operation. 

lO-Inch Chamber 

The lO-inch chamber was utilized for a series of runs in the new 
northwest target area of the Bevatron. The experiment involved the stopping 
and capture of K- mesons in hydrogen. Between two of these runs, a new 
expansion line and expansion valve were installed on the chamber. The new 
line is designed to give lower minimum pressure during the expanded phase 
and is flared into the chamber to reduce the turbulence previously encountered 
in the vicinity of the chamber expansion port. Because the new expansion 
valve operates on a faster recompression cycle than the old valve, temperature 
gradients in the chamber have been further reduced. The old cyclinder and 
piston recompression engine was replaced with a 'small compre'ssor, which 
serves to transfer gas from the expansion bottle to the recompres sion 
bottle between expansions. These changes have resulted in a further re
duction of the refrigeration requirements for the chamber. It is now 
possible'to operate on a 10-per-minute expansion cycle with only 3 liters 
per hour of hydrogen boilaff (including static heat leaks). 

Since instailation of the chamber in the K- beam, approximately 
30,000 pictures have been obtained. 
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Status of 72 -Inch Chamber 

The design of the 72-inch chamber 'is proceeding satisfactorily. Both 
the vacuum tank and the copper for the magnet coils have been received from 
the fabricator.' The compressor equipment is on order and the refrigerator 
is being designed. The internal liquid-nitrogen thermal shields are designed !", 

and ready for bid. A glass window for test purposes has been received and 
the final window ordered. No significant changes in the design of this instru-
ment are contemplated. 

ANALYSIS OF DATA OBTAINED WITH BUBBLE CHAMBERS 

.Hugh Bradner 

The events on the K- ':'capture experiment in the hydrogen bubble 
chamber have been analyzed largelyby graphical and trigonometric methods. 
Track coordinates of representative events were punched onto IBM cards by 
the precision-digitized reader and these cards have been run through the 
IBM-650 machine . The program for transforming the punched card information 
into spatial-coordinate arid momentum data does not work on all tracks and 
consequently is being revised. 

A photoelectric device to aid rapid setting of track coordinates has 
been made and tested. The electronic circuit for using this device to 
automatically center and punch out coordinates is being constructed. 

An improved model of the machine for scanning film has been com
pleted and a simple stereoscopic viewer for rapid scanning of film has been 
made. 

Various proposed methods for retrodirective illumination of the 
72-inch bubble chamber have been tested in the 4-inch chamber. The 
special Scotchlite, manufactured by MinnesotCi Mining and Manufacturing Co. , 
a ppearsreasonab16 satisfactory for light':'field illumination .. A special 
arr:angement of 90 double-reflecting priSims appears satisfactory for dark
field illumination. 

Tests of different films under various development conditions are 
being continued in search for a film of ac;l.equate speed, high resolution, and 
high contrast. 

Tests have been made on various commercial lenses for the 72-inch 
bubble-chamber cameras. No lenses have .been found that give adequately 
sharp images wi~h the wide acceptance angle that is required of cameras 
centered 6 feet above the large chamber. 

Theoretical study is continuing on the limiting factor s to be expected 
in bubble -chamber analysis and on the accuracies in manufacture and 
measurement that will be required to achieve the accuracy ultimately set 
by multiple .Coulomb scattering. Reports. summarizing the present status 
of this work are in preparation." . 
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720-Mev 'IT- -p SCATTERING 

Myron L. Good, Hugh Bradner, Frank S. Crawford, 
and M. Lynn Stevenson 

UCRL-3524 

Interactions of negative 'IT mesons from the Bevatron have been ob
served in the 4-inch liquid-hydrogen bubble chamber. Of 55 events analyzed, 
34 are elastic scatters. Seven others are nearly coplanar but do not have 
angles appropriate to elastic scatter. 

The following angular distributions of elastic 'IT-meson scatters in 
equal increments of cose were found: 

, ;' .::! >', 

cose (c.m.) 'IT 

* l.0 to 0.6 

0.6 to 0.2 

0.2 to-0.2 

, - 0 .2 to -0 .6 

- 0.6 to-I.O· 

No. Events 

18 

11 

2 

2 

3 

* Corrected for scanning cutoff at approximately 15 0 • 

" The. strong forward peak is consistent with.diffraction scattering of' 
cross section comparable with inelastic cross section. 

Twenty-oheinelastic events consisting of 'IT'- + 'IT+ + nand 'Tt- '+'lT0 + p 
were found. One case of 3'IT± + P was seen. 

K INTERACTIONS. IN HYDROGEN 

Luis Alvarez, Hugh Bradner, Paul Falk, Don Gow, Arthur H. Rosenfeld, 
Frank Solmitz and Robert Tripp 

About 57 K- mesons that we have observed in the 10 -inch hydrogen 
bubble chamber have been analyzed. The events were approximately re
constructed in space by use of the two-stereo view; track curvatures were 
measured by use of railroad curves. Reanalysis of the events will begin 
shortly with track coordinates punched into IBM cards. An IBM 650 machine 
will then yield a least-squares determination of the track curvature and the 
direction of the track at all vertices. This determination should" considerably 
improve the precision of our measurements. Turbulence has made precise 
momentum analysis unreliable but a new expansion line should ameliorate 
conditions in coming runs. 
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The events are distHbut~d in the followIng manner: 

:z- -to N + '11'

:z+ -N+'rr+ 

:z+ - P + '11' 

(we can't distinguish) 

, . l\ or :z0 - p' +'11' 

/\ or :z,O _ N + '11'0 

Decays in flight 

"Uncertain 

Total 

18' 

7 

3 

, 5 (+4 or -2)(a) 

8 

2 --' 
57 

(a) The uncertainty in the number of lambda decays via N + '11'0 arises 
from the fact that we ,cannot positively identify a stopping K- (if theK track 
is short) without observing, ,in addition,some phenomenon characteristic 
of a K-. Most of the time the chamber sensitivity varied greatly from the 
top to the bottom and therefore bubble c6untingwas unreliable. Recoil 
protons and charge-exchange pionscatteringsoccasionaUy look like stopping 
K-. 

ways: 
The A' ~ that we see can.beproduced in any of the following three 

(a) K + P -:+ /\ o + '11' ,. 

- 0 0 0 
" (b.) K, +P 7 .. :Z +. '11' ,':Z ,'" 'IT A, 

(c) K + p' _' A 0 + '11' 0 ~'11' 0 .. 
OJ, 

J'hespe,ctl"llm for thes,e three processes is indicated in Fig. 1. 

new new 
'." r. l 'J 

X x,: x , : xxx' X 

, >-: 

" Energy, Mev. 

Fig. 1. 

0, 
+'11' 

"', 
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The x's are at the energies of theA's that we have found so far, 
namely, 3.7, 5, 12.5, 21, 27.5, and 29 Mev. The uncertainty in each energy 
is about ± 3 Mev. Hence, there is good evid8nce for the existence of the 
~O. For that matter, all energies may be ~. However, we would like to 
(a) get a few more unambigu,ous events, and (b) anaiyzetheseevents with 
more precision before as serting the existence' of the ~O. 

In addition to the three reactions li'sted above, there. is also the 
possible reaction 

(d) K +P-
+ '-' 

+ 1T' + 1T, 

for which the upper energy limit is even lower (no such events were observed). 
It shoU:ld be noticed that the area under the three -body spectra (as calculated 
by phase space alone) is small compared with the area under the spectrum 
for A's from ~O's. 

We obtain the following lifetimes for the sigmas and lambdas: 

-10 
~ 2.1 x 10 sec. (on 14 events) 

, + 
~ 

. -10 
0.89xlO sec. 

-10 
3.1xlO sec. 

(on 8 events) 

(on 7 events) 

The number of k-decaying in flight is consistent with a lifetime equal 
to that of the K+. Momentum measurements are not precise enough at present 
to distinguish between K.rr2 and Kfl2 decay modes . 

The angular distribution of 27 sigma decays yields the table below. 
The center-of-mass angle is that of the pion with respect to the direction of 
m'ation of the sigma. 

Center-of-Mass Angle ... _ ... ..,., 
IFor - Back-

00 - 60
0 

60
0 - 90

0 
90

0 - 1200 1200 - i80 0 ward ward ~..?.!~ 
~-----.~--- --------_._---- -_._._--f-.-.. ---

1 ' 

a -~ 5 4 2 4 9 6 15 

~+ N 3 2 1 1 5 2 ' .' 7 

+ 
1 1 1 5 ~- P - 3 0 4 

a 
. Three ~- were not included. One was produced by a K- interaction in 

flight. A second came to rest and Charge-exchanged with a proton; another 
made a charge exchange in flight.'· '.' \ 

========'='=======================--=== .. ===.;;::.::::. 

These results may indicate a fore-aft asymmetry. Folded through 
the distribution is consistent with isotropy. 

No violation of the Gell-Mann-Nishijima scheme has been observed. 
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PHYSICS RESEARCH 

Walter H. Barkas in charge 

STUDY OF NEGATIVE K MESONS, HYPERONS, 
AND HYPERFRAGMENTS 

Walter H. Barkas, Walter Dudziak, Peter Giles, 
Harry H. Heckman, Fred Inman, Conrad Mason, . 

Norris Nickols, and FrancesM. Smith 

UCRL-3524 

A study of ilelementary" particles with a strangeness quantum number 
of minus one has been started. Survey work on the K- -meson beam mentioned 
bel'Ow has yielded some usable emulsion stacks containing large numbers of 
negative K mesons. In interaction with matter they yield hyperons and hyper
fragments. 

In the systematic area scanning of two emulsion stacks, we have found 
fourteen hyperfragments. These hyperfragments are now being analyzed 
with the aid of a nuclear track photometer described in detail in a previous 
progress report. In the present stacks, the pion/K- ratio lies between 
5000: 1 and 7000: 1. In order to obtain more K- interactions, we are preparing 
for an emulsion exposure in which a much more favorable ratio of K mesons 
to pi mesons should be obtained. 

DEVELOpMENT OF' THE NEGATIVE K-MESONBEAM 

Walter H. Barkas, Walter Dudziak, Peter Giles, Harry H. Heckman 
Fred Inman, and Norris Nickols 

Investigation of the problem of separating K from 1T me sons by large
angle magnetic deflection is continuing. To simplify the setup problem, we 
have changed the orientation of the maghet. As the new magnet arrangement 
reduced the return...;flux path of the magnet by nine tons, a new survey of 
the magnetic field had to be made. The new field measurements show small 
'variations from those previous ly obtained., These variations do not alter 
significantly the focusing properties of the 1800 -deflection spectrometer 
that were reported in the previous quarter ly report. 

Two emulsion stacks have been exposed in the K beam at the exit of 
the quadruple focusing magnet. One of these was exposed at the position of 
the entrance window of the 180 0 spectrometer. The purpose of these exposures 
was to study the co~position of the beam that will be incident on the energy 
degrader located at the entrance window. Some of these plates have been 
scanned and additional scanning is now in progress. 

We have constructed six plastic scintillator counters, four of which 
wilt be used to analyze the spatial and momentum distribution of K mesons 
at the exit of the 180 0 spectrometer. Because of the large magnetic fields 
near the counters, we have developed a magnetic shield that can effectively 
shield a 6655 end-window phototpultiplier from a l-kgauss magnetic field. 
Plateaus are now being determined,for each of the counters by using cosmic 
rays. 
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INTERACTIONS OF ANTIPROTONS IN EMULSION 

Harry. H. Heckman, Fr~nces M.Smith, and Walter H. Barkas 

A successful new irradiation of a 6-by.,.9-by-4-inch emulsion stack 
in thE! ,700 Mev / c antiproton beam has been p~rformed. Through July 31 
fifteen antiprotons that led to annihilations were found entering the stack. 
This sample of events includes eight annihilations at rest and seven in flight. 
The total path length observed is 161 cm,. No large -angle scattering events 
(>10 0 ) have been detected. The mean fluX of negative pions entering the 
st.ack is about 1.5 x 105 TI'/cm 2.. " 

MEASUREMENT OF pl3c IN EMULSION BY THE 
SURFACE-ANGLE METHOD " 

Harry H. Heckman, Frances M. Smith, and Walter H. B~rkas 

,A technique to measure the pl3 of steeply diving tracks has been 
developed to augment the information obtained in the anaiysis of antiproton 
annihilations. In this method the projected entrance angles are measured 
at the surface' of each pellicle (where the effects' of distortion are expe.cted 
tobe small). If ~<P is the. mean deflection in the projected angle per pe llicle, 
then the mean scattering angle per lOOp.. cell, n, is given by 

1/2 cos 0 sin. 0 

(T /100)1/2 

where 0 is the dip angle and T ~s the emulsion thicknes s in microns. 
. . . . 

, Although the measurements are rather difficult and limited in 
statistics, we feel that this .method does give satisfactory res·ults. As a check 
we have measured the pl3 of the secondaries from the KTI'2' KfJ:2' and'r mesons 
having dip angle s from 8 0 to 53 0 • Thep(3 of the seco~daries from the KTI'2 
and KfJ.2 are 165 and 214 Mev/c, respectively, andthe pl3 of the pions fro~ 
thE! T decay are known from thei,!: range s. The results are as follows: 

Dip. ,Angle Measured pl3 Known pl3 
(degree s) (Mev/c) (Mev/c) 

8 198 ± 35 214 

53 ;3 166 ± 22 165 

33 274 ± 55 214 

45~7 68±10 76.2 (£r om range) 

---,' . The evaluation of noise was performed by studying the dependence of 
~<P on integral mUltiples of a standard 'cell length. All estimates of the noise 
are consistent with a mean error in individual ~<P measurements of 0.3 0 . 
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THEORET ICAL GR OUP 

David L. Judd in charge 

UCRL-3524 

Recent lifetime' and b'ranching-ratio data have been' reviewed to see 
whether or not equal production of opposite parity K mesons can be recondled .. 
with the explanation of the nearly equal lifetime s given in Physical Review 
102, 1420. Only if all the modes 'T, KI3' ~3 originate solely from the 0-
parent and 0 - is appreciably shorter -lived than 0+ can the observed decay 
mode abundances be conceivably reconciled with equal production of 0+ and 
0-. This possibility will be definitely realized or rejected when harrower 
limits on the lifetime difference s are established or when better experimental 
agreement is reached on the abundance of 'T and ~ at short distances and of 
~3 at further distance s. ' (S. B ludman) 

The possibility that all particles are parity doublets is being investi
gated. If no interactions couple the observed particle s with their parity 
conjugates, then the theory may be, over-all, parity symmetrical, and yet 
the particles with which we are in interaction may by themselves show a 
left'-handed, right-handed asymmetry. If the weak interactions violate this 
parity degeneracy, th~ problem is to explain why during the lifetime of the 
un:i ver se no detectable amounts of nucleons of abnormal parity have been 
produced. (S. Bludman and M. A. Ruderman) , 

Certain aspects of the decay of hyperons have been studied. Clari
fication of the Lee - Yang result in con:ne~tion with the asymmetry of the 
decay of a dual-parity ~ has resulted. Work is under way to evaluate the 
effect of the final-state pion-nucleon interaction in the hyperon decay products. 
Insight into the spin, parity, anc! lifetimes of the hyperons can thereby be 
gained. In general, the final state of the 1\ and ~ contain isotopic spin states 
of 1/2 and 3/2. The question of the relative phases of the matrix e,lements , 
for decay into the se state s is under consideration. The use of the ,general 
properties of the S matrix, which has proved ,useful in connection with a 
similar problem in pion photoproducti0l1" is questionable here, because 
for decaying states the Smatrix is singular. (W. Holladay) 

An attempt is being made to analyze the available data on the 
scattering of K+ mesons from heavy nuclei, by use of a simple optica~model 
of the nucleus. At present, calculations are being made ,at 60 and 180 Mev, 
assuming a complex square well nuclear potential and point charge. Two 
approaches have been used in calculating the nuclear well potential: (a) by 
curve-fitting methods to the experimental curve, and (b) through the Klein
Gordon equations and Schwinger's curve for the K nucleon differential cros s 
section, giving a repulsive potential of V equal to 17 + i 3.46 Mev at 180 Mev. 
To be considered next are a more realistic charge distribution and calculations 
based on assumptions as to the nucleon momentum distribution. (0. Eldridge 
and Z. Guiragossian) 
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. Preliminary results seem to indicate that on the basis ,of certain 
Yukawa-type interactions between K mesons, hyperons,' and riuc:le'ons, ' 
lowes~-order pert~rbation theory ~a~ predict a fo~ward pea,king df the eO in 
as sOClated productlon. and of the K ln the scattenng of K+ ' s on protons. 
Other couplings definitely exclude the.P9ssibilities of forward peaking. 
(R .Spitz~r) , 

A survey of the decays and ~ucle~r reactions of the K particles and 
hyperons is in progress. This is being done by assuming the simplest 
couplings between these particles and then applying stand;ud perturbation 
theory to them. (J. V.Lepore) . 

, An interaction between pions and K meSons has been suggested in a.n 
attempt to interpret the strong forward and backward p~aking 6f Kmesbns 
produced in association with hyperons in'lT":"N and N -Ncoliisions, as well as 
the peaking of K meSons toward the. forward direction. in K-N" scattering. 
Some consequences of such an interaction arebeirig investigated,for the 
purpose of comparison with the experiments by OsheT and Moyer, in which 
t,hey observed the angular distribution of neutral unstable particles produced 
at the, Bevat:ron. (Saul Barshay) 

, The momentum distribution of pions produced in p-Be and p-p 
collisions at the cosrnotron have been observed to follow ci0 gely th.e ' 
distribution expected on the basis of a strong interaction in the 3/2, 3/2 
state at the energy characteristi'c of the resonance i~ the iT + P cross section. 
A model for the excitation of each nucleon into the isobaric state with 
subseq.uent decay by pion emission is being inve~tigated.(S. Barshay) 

A review article on statistical models' for 'high-ene;rgy nuclear 
events is being prepared.(J. Lepore and M', Neuman) 

A study of the influerice~f theK-1T interacti'on postulated by Schwinger 
on the existence of K fragments has heen undertaken. The lowest -order 
perturbation theory K~nu~leon potential has been obtained and ayariatiorial 
principle to determine th~ m.inimum Krr c~)U~lingco.nsistent with bin.ding 
has been set up. The potenhal has a l/r smgulanty, and although for the 
coupling strength postul~ted by Schwinger the energy is bounded, a hard 
core at short ,distances is physically more reasonable. The potential has 
been modified accordingly. The integrals involved in the variational' 
principle even with the simpiest. "reasoIiable~' trial functions are quite 
complicated, and they are now being evalu,ated. (S.GasiorowlCz) , 

,: , , '; 

A survey has been made of a model wherein. all V particles are re
garde.d as, complexes made from two basic units, the /\ and the N (nucleon) .. 
Fermion-fermion and fermion-antifermion interaction energies are roughly 
computed from experimental data; they are consistent with the view that 
the "hard core" of nucleon-nucleon interactionsjs reversed in signfoi- the 
nucleon-antinucleon case. Under any assumptions of sym~etry between the 
N and-=. (cascade particle), the model shows clearly that no further metastable 
V particles should be found, in accord with present experi,ence. The model 
also provides a convenient ve,hicle for investigating the further consequen.ces 
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of the Yang - Lee parity doublet scheme for /\ particle s' and K particles; the 
scheme proves upon examination to entail a riumber of complications. 
(D. C. Peasfee) . 

. Considerations. have been made on the dimensionality n' of charge 
space. In principle, n is unlimited; in practice, experimental evidence 
becomes more and more tenuous with increasing n. It seems almost certain 
that n > 2, and there is some possibility that n~ 4. Evidence that n is as 
large as 5 is rather tenuous, and that for n = 6 even more so; there is. no 
evidence on n > 6. (D. C. Peaslee) . 

A study of parity-mixture schemes for K parrticles indicates that 
they are very limited in character and must be essentially equivalent to 
that of Yang-Lee, if the decay processes are to conserve parity. The same 
analysis can be appliep' to charge parity for the 81, 82 case and suggests 
that these particles cannot have different lifetimes. A long-lived neutral 
K not decaying into 2TT should then be a 'TO (D. C. Peaslee) 

The approach applied successfully by Chew to the problem of TT-nucleon 
scattering has been used to treat K-particle nucleon scattering. Two models 
have been investigated, one in which the K particles interact directly with 
the nucleon, and the second where the TT-meSon field transmits the force. 
The first model does not show the isotopic .spin dependence indicated by 
the sparse' experimental data. The second model shows correct general 
features, but the data are too limited fora detailed comparison;" The' 
possibility of an exact solution to the Chew-Low fixed-source scattering 
problem by means of the functional methods of Edwards and Peierls is 
being studied. (H. Stapp) 

The problem of the fraction ofTT-arid K- mesons that stop in hydrogen 
atoms in nuclear emulsion was investigated. The approach was to follow 
the history of the meson from the time when the meson is moving slowfy 
through the emulsion to the' time of its absorption by nuclear interaction . 

. The fraction of mesons initially undergoing Coulomb capture on hydrogen 
has been estimated and formulae have been derived which give the partial 
Coulomb-capture cross sections. These cross sections are being evaluated 
numerically on the IBM 704 computer at the Live'rmore site. The rates of 
the other processes that occur after Coulomb capture have been estimated. 
It is hoped that. the re sults wiil be in accord with the experimental observation 
that a significantly larger fraction of K-particles is captured on hydrogen 
then TT-, so that it will not be necessary to postulate an extraordinary 
interaction for either the TT- or K-mesons. (George A.Baker, Jr.) 

An attempt is being made to fit the known elementary particles into 
a framework of a 16 -dimensional spin space Corre sponding in the brouwer
Weyl terminology to v = 4, which is a natural generalization of the four
dimensional Dirac spill space (11 =2). (Maurice Neuman) 

, The .data on photopion production from protons, together with dis-
pers'ion relations for photon-proton scattering, are being used to predict 
the general nature of the differentia] cros s section for elastic scattering 
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fr6m protons of gamma rays in the energy range 100 to 250 Mev. ,A similar 
analysis using the impulse approximation is heing made for gamma-deute~on 
scattering. (R. Capps) 

The proton-antiproton exchange potential, with an, exchange of many 
mesons, has been constructed in the form of a multiple integral. Its eval
uation has so far proved resistant to standard procedures, but an approxi
mate calculation suggests that such a potential could be long-range, strong, 
and attractive. (S. Gasiorowicz) 

The scattering of bosonsby "nucleons" in the Lee model (Phys. Rev. 
95, 1329, 1954) for the case in which the "V" particle is' unstable, and a 
resonance in the scattering cross section at the V mass have been found, in 
agreement with unpublished calculations by Glaser and Kall6'n. (S. Gasiorowicz) 

A study is being made of the neutron-momentum ,density in carbon 
using recent deuteron-pickup experimental results. A term describing the 
nuclear scattering of the incident proton in theproces sis being considered 
to ·supplement the origina~ CheW-Goldberger theory. It appear s that the 
more ¢omp1ete ·theory lessens the need for large high-momentum components 
in the nucleus to explain the data, and the momentum distribution approaches 
a Qau8sianshape. (K. Greider and W. Heckrotte) 

A number of calculations of magnetic -moments and total binding 
energies have been made for spheroidally deformed nuclei, on the basis of 
wave functions calculated previously. These magnetic moments 'are in' 
moderate agreement with experimental values. Some consideration has 
also been given to an alternate mode of formulation of the shell model. 
(Marvin Rich) 

The effect of an extended nuclear "-charge distribution (as indicated 
by the Stanford experiments) upon the charge-independence hypothesis, as 
manifested by the low:-energy S scattering of nucleons by nucleons, is 
being studied. Present indications are that the charg~ spread introduces 
a correction of about 10% in the zero-energy scattering length. The magnetic 
corrections arealso being calculatedancl. will probably give a comparable 
correction in the same direction. (W. He·ckrotte, R. Raphael, and A. 
Garren) 

, ' 1 1 
It has peen found that one of the 300.,.Mev p-p Sand' D phase shift 

solutions of H. Stapp may be fitted by,one of the singular potentials that 
Shapiro and Preston (Can. Physics 34, 451 (1956)) find consistent with 
low-energy n-p and p-p scattering and charge independence, if their potential 
is modified by increasing the hard-core radius. (W. Heckrotte and A. 
Garren) 

The effects of injection conditions on the aperture requirements of 
alternating-gradient synchrotrons have been studied in some detail. The 
res,ults show that in principle the required aperture is independent of the 
location of the injection point, although practical considerations will 
probably affect its choice. (D. H. Holland) 
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A study.oLmethods for separCi.ting the G,onstituents .. of momentum-
. analyzed bep:ms has. been started, with,particular attention being given to 

a coaxial devIce suggested by J. J. Murray of the Bevatron group. (D. H. 
Holland, L. Smith, and A. Garren) . 

Work is beginning ona survey of possibilities for modification of 
the Beyatroninjectionsyste,m . (John Hisk~s) . 

The possibility of coherent acceleration pf pa!ticle bunches. is 
being examined. (Matirice Neuman) . 

. ,' The antiproton-hydrogen total cross' s,ection has been .. measured by 
Picdoni et aL as:::: 100 mb at 500 Mev. If.this large cross section is 
elast:i."c there is. n9 difficulty in principl~, for, meson exchange might, for 
all we know, produce a much stronger NN than NN potentiaL But if this 
cr;oss section should be, largely due to annihilation, then ei\her the .. 
annihH;:;tion force has a range considerably longer than M - . (S. Gasiorowicz 
is. conSIdering a po's sible basis for such a for.ce) . or. els.e the NN potential 
induces annihilation through radiative captu~e, i.e., the N.and N fall into 

. ;a,bounp., statew.hiLe emittinga tpeso~. Thisprocess, mesqnproduction. 
with ,!;>ound final-nucleon state, would be observed as an annihilation with 
the peculiarity that (among the ar;mihilation products would be a 'IT meson 
with an energy approximately equal to the initial kinetic plus final binding 
energy.of the nucleo,ns. An attempt has been made to estimate the cross 
se,ctlonfor thi,s process, but the effect of the NNinteraction in the initial 
stat~, and, of the 'IT !if inter~ctions in the final state has not as yet been . . 
accouHted for. Botll_thes,i:!. effeCtS could be large. It might be noted that 
radia~ive. capture of pp into the 1 S state is especially, slow because, except 
for retardation, the amplitudes for meson emission by the p and the pare 
equal but opposite Cjnd the potential due to one meson exchange is by far 
the deepest in this 1 S state .. (Charles G,oebel) , '. " , 

.:" " .' . 

During the past quarter, mathe,maticians in the Theoretical Group, 
have been eng9-ged as follows: 

An IBM Type-650 magnetic,-d:rum. computing machine has been rented, 
a library of subroutines has been e.stab1ished for it" an<i computat.ions:are 
now being dohe on a two-shift basis. 

, ,The first program forpro<:essing data from. the bubble chamber was 
completed by Robert Johnston. 'A new pr;ogram is now being developed to 
handle some special cases b.e,yond the !?cope of the first program. The 
met,hodof reducing the data is similar to that describ,ed in an earlier,.report, 
the OIl.,ly differenc,es bein'g the determination of the elevation angle of the 
tracks by a least - sq uare s fitting and the additional feature of handling 35 
coordinates per track rather than 20, as was previously done. The form 
of the output data has also been ,changedto.,be ,more convenient as input for 
a momentum-balance progran::t yet to be developed. (Charles ,Stableford 
for the Bubble. Chamber Group) . 
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Work has continued on the revised ·.B~verly HilLWillis 'report-At .. 
the suggestion of Dr. Luis Alvarez, the revised report wiU appear 'in three 
volumes rather than one. The first. .volume will contain onlY'information 
concerning the kinematics of high-energy particles. Volume 2 will consist 
of range-energy graphs for aU the particles, and Volume 3 will contain 
range -momentum graphs plus the addition of a table of densities and useful 
physical constants . ,It is hoped that .such an arrangement will facilitate 
future revisions. (Ch.arles Stableford for the Information Division at the 
suggestion of Dr. Luis Alvare.z) 

A program has been prepared which computes the of.bit of a charged 
particletiJoving in the magnetiC field of the Bevatron. Accuracy of these 
calculations will be of the order of 0.1%. Previous calculations; which 
employed analogue equipment, were not able to take .advantage of the 
accu;racy of the measurements of the Bevatron' s magnetic field .. (V. O. 
Brady. for·William Fowler of the Cloud Chamber Group) 

A program to calculate partialCoulomb-capture cross sections for 
TT mesons incident on l.monatomic hydrogen is being written for the IBM 

. Type 704. (J. D. Morik for George Baker of the Theoretical Group) 

A gener.al three -point interpolation program has been written for 
the IBM Type 650; (J. D. Monk for the Magnetic Measurement Group) . . 

A M·onte. Carlo calculation is in progress to determine how much 
of the background in an experiment investigating the j.>os$ible reaction 

K+ -TT+ + TTO + 'I 

is produced by extl'aneous 'I rays corning from conversion of TT O and '1's in 
the experimen!al equipment and subsequent. annihilation of the pairs. (H. 
Hanerfeld for· MyrOn' Good of the Bubble Chamber Group) . 

Work was started on a Monte Cai"loinve,stigation of scattering of 
protons by heavy nuclei using the impulse approximation in the manner of 
Chew and Goldberger. (K. Curtis for Lester Winsberg of Nuclear Chemistry) 

Further case's or'the problem of analysis of complex line spectra in 
heavy nuclei were done. (IC Curtis for John Rasmussen of Nuclear 
Chemistry) 

A program to compute the magnetic field ihthe 184-inch cyclotron 
from raw field measurements has been c()mplet@d .. It is being used to 
prepare input for a previously prepared UNIVAC program that estimates 
necessary shim changes in the cyclotron. (H. Hanerield, J. Young, and 
J. Baker for the l84-inch Cyclotron Group) 

A Fourier analysis of the angular variation of the cyclotron magnetic 
field was perfol'med to find the contribution to field irregularities due to 
bolt hole s. This was accomplished by means of a numerical integration of 
the Fourier coefficient integrals using measured values of the cyclotron 
field at 360 points at 'constant radius. In addition, some of the Fourier 



-17- UCRL-3524 

term s with large coefficients were summed .fo;r a range of values of the 
independent variable to give a measure of their collective contribution to 
the field. (Eldon Hansen for Warren Stubbips of the184-inch Cyclotron 
Group) .. 

A numerical solution w~s made for three different expressions for 
nuclear cross sections. This solution involved an iterative variation of the 
para·meters involved to give them.easured cross sections. The computCitions 
were made for a range of values of parameters so as to.givea complete 
picture of their possible relative values within given limits. (Eldon Hansen 
for N. F. Wikner of Burton Moyer's Group) 

Work is under way with John Rasmussen of the Nuclear Chemist:rY 
Group on a numerical. study of alpha emission from spheroidal nuclei. This 
study involves a numerical integration of four simultaneous differential 
equations for the fir st four angular -momentum states. Such an integration 
determine's the distribution of the wave function at the nuclear surface. . 
(Eldon Hansen). 

The numerical calculation of an alternating -gradient focusing problem 
over 20 stages of focusing is in progress .. Under consideration are space 
charge effects as well as effects from magnetic and electrostaticf6rces. 
(Eldon .Hansen for John Hiske!, of the Theoretical Group) 
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PHYSICS RESEARCH 

Edward J. Lofgren in Charge 

.ANTINUCLEON EXPERIMENTS 

Bruce Cork, Glen R. Lambertson~ Oreste Piccioni, 
and William. A. Wenzel 

UCRL-3524 

The selection system described previously for negative particles 
from an internal Bevatron target has been placed in operation, and experi
ments on the antinucleons are in progress. 

Measurements have been made of the total hydrogen cross section 
for antiprotons at two energies. These measurements are being extended 
to lower energies, and the search for antineutrons is in progress. 

The group of magnets needed for the experiment, the counting equip
ment, and the large hydrogen target, 5 ft long and 8 in. in diameter, were 
all in operation during this quarterly period .. Four of the focusing quadrupole s 
were slightly modified in the direction of decreasing their focal length so 
that the ensemble of magnetic lensescouldchanrtel particles of 1 A Bev/c 
momentum .. The magnets are disposed as shown inFig. 1, where the .. ' 
positi~ms and sizes of counters

l 
can al's<:> be seen. With the introduct~onof 

the "fleld lenses," L2 and L4' . the opttcal system accepts moreanttprotons 
and particularly allows particles within as large a mO,mentum range~..e as 
desired .. ' In fact, ~p is determined solely by the .angles of deflection A and 
B. For angles A = B equal to 6°, ~p/p is ± 50/0. The counter system for 
thetotat-cros s -section experiment consists of e.;ix 4- by-4-in. counter s 
(A through F) defining the beam and a large counter L which detects anti
protons not removed by the hydrogen target. (see Fig. 1) .. 

The apparatus has operated first in a beam of 1.15 Bev/c (negative 
particles), and second in a beam of 1.4 Bev/c. The discrimination between 
pions and antiprotons, based on the differ·ence in time of flight, is obtained 
electronically by two independent coincidence circuits of 2 x 10- 9 secfes'6lving 
ti±ne(hcilf width at 1 0% height). . 

Oscilloscope pictures of the pulses of Counters A, F, and L are also 
taken to confirm a P event and as a method of obtaining maximum efficiency 
for Counter L. 

Direct coincidence counting gives the same information with less 
than 5% background. The electronic system is capable of counting anti
protons directly with a background of les s than 5%. Counting rates as high 
as 10 per minute have been.observed at 1.4 Bev/c .. The normal rate is about 
one-half this maxinium. . , 

Preliminary analysis of obtained data shows that the total cross section 
of hydrogen for antiprotons is 100 mb, both at L15 Bev/c momentum (kinetic 
energy equal to 0 .. 546 Bev) and 1.4 Bev/c (kinetic energy equal to 0.766 Bev). 

1 
Physics Division Quarterly, UCRL-3326, Feb. 1956. 
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A search for antineutrons produced from antiprotons by charge ex
change is also in progress. Useis made bf a lead glass Cerenkov counter 
at the very end of the telescope, as in the experiments of Brabant, Cork, 
Horwitz, Moyer, Murray, Wallace, and' Wenzel. 2,3 A thick converter 
placed after the last counter" L, could, cause some of the antiprotons to 
change into antineutrons. With an appreciable probability, the antineutrons 
would eros s the two sub seq uent, scintillation counters S 1 and S2 without 
producing a pulse in them and would eventually interact in the' glass. counter, 
with a large release of energy. An oscilloscope picture is taken of the 

'. pulsesinSl' S2' and the glass counter. 

As yet there is no conclusion to report. 

" , . . '. ' , . 

A COAXIAL STATIC ELECTROMAGNETIC VELOCITY SPECTROMETER 
FOR HIGH-ENERGY PARTICLES 

Joseph,J. Murray 

Work has started on the construction of a coaxial static elecfro
niagnetic velocity spectrometer4 suitable for separation of K- mesons from 
'IT- mesons at< 435 Mev/c and under different operating conditions for 
separation of antiprotons from 'IT- mesons at < 800 Mev/c. It is being built 
for a nominal 4-inchbeam diameter. The 'spectrometer itself will be 14 ft 
long, and the length 6f typical systems (source to experiment) in which it 
will be employed for separation of K- mesons will be 35 to 40ft. At 435 Mev/c 
the ratio of K- to 1f- plus other contaminating particle's at the end of a 
typicai system is expected to be - 1 to 40, on the basis of a I<-/rr- production 
ratio of 1 tb 400 at 0 0 laboratory angle and assuming a mean life of 10-8 sec. 

2 
Brabant, Cork, Horwitz, Moyer, Murray, Wallace, 

"Terminal Observations on I Antiprotons I, " Phys. Rev. 
(1956). . 

and Wenzel, 
101, 498-501 

3 
Brabant, Cork, Horwitz, 

"Interactions of Antiprotons 
(1956). 

Moyer, Murray,' Wallace, and Wenzel, 
in Lead Glass," Phys. Rev. 102, 1622-1626. 

4 
Joseph J. Murray, A Coaxial Static Electromagnetic Velocity Spectrometer 

for High~Energy Particles, UCRL-3492, July 1956. 

I 
I 
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NUC LEAR, EMULSION PHYSICS, 

Warren W . Chupp and Sulamith Goldhaber 

Antiprotons 

UCRL-3524 

Scanning of e, mulsi~~ and analysis of events is proc.eeding. Subsequent 
to the last quarter, an addltIonal exposure has been made In the 700-Mev!c 
antiproton beam; the film is being' scanned. 

The total number of antiproton events found by this group to date is 
eight, of which six have been completely analyzed and two partially analyzed. 

The events that have been analyzed are included in a paper to be sub
m~tted . .tp the Physical Review in collaboration with the other nuclear emulsion 
groups at this laboratory. 

K-Me son Scattering 

The purpose of the se studies is to eXiimine in more detail the 
scattering of both positive and negative mesons and, specifically, to extend 
previous w'ork5 to higher .energies. 

, " ." + ' 
At present K- mesons, of 430 Mev-/c and K, mesons of 480 Mev/c are 

being studied. TheK+ ,..meson exposur,e was carried out in a beam in which 
pions.6f the same moment~m were removed by the interposition of a beryllium 
absorber and additional magnetic deflection. The exposure and analys'is are 

, beit;1gcarried. out in collaboration wit4Joseph E. Lannutti and Gerson 
Coldhaber. , This exposure'appears to have be~n quite successful and promises 
to yield results rapidly. 

K-Meson Yield and Excitation Studies 

In the COurse 6f our work a large number of data on the production of 
positive and negative K mesons has become available to us~ Since these 
experimental yields of K mesons at various momenta and energies might be 
useful to other experimenters we have summarized the data in Table 1. 

5' , 
Lannutti, Chupp, Goldhaber, Goldhaber, Helmy, and Hoff, ItInteraction 

of Positive K-Mesons," Pllys. Rev. 101,1617-1618,(19;;6). 
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Data on the production of positive and negative K rpe 3C)uS 

K+!K-
+ -IT IT 
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-'--___ ......c.._"--__ T ...... p"-.c.-, P_~, OJ. ccrnt . 
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T lab p 2 12 2 12 
.p Particle (degrees) k (in. ) K/cm /10 . p IT/cm /10 'IT/K 

6.2 K+ 

6.2 K 

6.2 K+ 

6.2 K 

4.2 K+ 

2.6 K+ 

6.2 K 

6.2 K-

90 

90 

90 

90 

90. 

90 

90 

o 

250 119 

250 119 

350 137 

350 137 

250 119 

250 119 

430 168 

430 264 

40 ± 6 

O.7± 0.1 

50 ± 9 

1.2± 0.2. 

13 ±.2 

9.8 ± 1.6 

1.5±0.4 

68 . ± 12 

8.2 x 10 
3 

9.8 x 10 
3 

3.9x 10 
3 ' 

3.8 x 10 3 

5.5x103 

6.9 x 10 3 

7.5x 10 3 

2.3 x 10 
5 

L = distance in inches ,from target to stack position 

T = proton bombarding energy 
p 

2.0±O.3 

x 102 

1.4± 0.3 68 ± 16 

x 104 

78'. ±14 

3.1 ± 0.5 40 ± lO-

x 103 

4.2 ±0.6 
x ~02 
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x 10 2 

5.0 ± 1.3 

x 10
3 
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x 103 
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~L~.------.-.-~ at -=,r i,a 1_ 

22 ± 3 
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x 10 3 

15 ± 3 

600 ±97 

45 ± 6 

75 .. ± 12 
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3 x 10 
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" 

Al 
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2 
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PHYSICS RESEARCH 
'~ . . 

Burton J. Moyer in charge 

NUCLEAR ABSORPTION OFf.l MESONS , . 

S~lig Kaplan 

An experiment is irtprogre's s to ascertain ,the nuclear excitation 
induced by cosmic ray f.l mesons captured .at rest. . The techrtique consists 
of counting the number of neutrons emitted by the excited nucleus and, from 
known binding energies and an assumed thermodynamic model, inferring 
:the nuclear excitati'On. The st'opping mesons are identifiedby their signature 
in a cosmic ray telescope and the neutrons are detected in a cadmium-loaded 
liquid scintillator (Ref: Hicks, Pyle, and Ise, Phys. Rev. 101, 1016, 1956). 
The information is displayed on the faces of two oscilloscopes and is re
corded .on film. 

The apparatus was first op,erated successfully as a unit early in May. 
For the first month of operation preliminary runS were made with Ag and 
Al targets and with no target as aids!or making various electronic, and 
mechanical adjustments. Sinc.e the middle of June data have been accumulated 
using a Pb target. On the average, one 'meson was'stopped per 1.5 hours of 
,running time .. To date we have observedapproxir.hately 500 stopping mes ons. 
The neutr on data are not suffiCiently reduced ,to pre sent here at this time. 

PHOTON ENERGY SELECTOR 

. Robert J.Cence 

The development of a counter to select high-energy photons at the 
:synchrotron is being continued. Experimentation with differentarrang,ements 
of the scintillator .light pipe and,phototube are being carried out in an -effort 
to reduce the large electron backgJ,"'ound thclt is present. 

IT - NUCLEAR CROSS SECTIONS AT 4.3 Bev/c 

N. Fredrick Wikner 

Analysis of thelT nuclear cross sections reported previously, in 
terms of the optical model, . is nearly complete. This analysis yields .values 
for th.e nuclear radius, mean free path, and opacity depending on the m6del 
,of the~nucleus employed- -uniform, Gaussian, or s9me other distribution 
:ofnucleons in the nucleus. 

A, statistical model analysis of the nucleus is most valid for the 
heavier elements (e. g. Cu'" U a,nd perhaps Al).Sincea heavy.;..element 
cros s ~'section measurement was not obtained in our experiment, the . . \ 

measurements by Ise, Lagarrigue, and Pyle (UCR L-3l24 and private 
communication) at 3.2 and 5 Bev/c in Pb using a multiplate cloud chamber 
will b,eemployed when'the values.become available. 
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Another important parametel- in the optical model analysis is the 
average nucleon cross section ina nucleus, O. Investigation of the best value 
to use for a is under way at this time. 

When these separate studies are completed, final anaiysis will be 
possible. 

'1T
O MODES.OF'HEAVY-,MESON AND HypERON'DECAY 

John E. Osher and Sherwood 1. Parker 
I ". " 

,Work during this period involved brief extensions to the results 
described ,in the P!eceding Quarterly Report and preparation of a more de -, 
tailed report puhlished as UCRL-3449, June, 1956. 

The extensions were to be accomplished by using,the counter telescope 
to examine regions very near the target for contributions from ;+ or ;0 
decay products, includil1g,high-energy gamm,a rays. It was found, however, 
that bremsstrahlung from the slit jaws made measurements. within 1 cm of 
the target :(the region of interest) impractical with pr,esent collimation. In 
addition, a very brief,run was made for off-target-axisdecays upstream 
and downstrea.t:r1 from the ta:r;get, lending supp,ort to the previous ly reported 
very-peaked..,ba,ckward (and presu;mably forward) K emission in the center ' 
of mass for ass'ociated production at energies near 6.0 Bev. . 

SCATTERING OF 100- TO l45-Mev GAMMA RAYS 
BY PROTONS 

Larry L. Higgins 

,A repeat experiment has been carried out at the synchrotron to 
measure the cross section for scattering of gamma rays from protons. A 
fivefold coincidence converter-telescope, preceded by an anticoincidence 
scintillator, was used to count the high-energy photons scattered at 90 0 to 
the beam. The recoil protons were not detected because they stop in the 
tar,get. A carbon absorber in front of the gamma-ray detector was used to 
stop low-ep.ergy electrons. A liquid hydrogen target was used, the effective 
dimensions of which were 1 in. ,diameter by 4in. long. ,All coun.ts were 
recorded photographically by means of a 517 Tektronix oscilloscope . The 
scope was triggered by a triple coincidence. Counts due to electrons 
scattered into the counter were rejected by photographic observations of 
the anticoincidence 'pulse.", . ' 

, t,' " • 

The cross section was measured as a,Junction of energy up to 145 
Mev using the photon difference method by varying the energy of the 
synchrotron. T.he elastic-scattering cross section was measured only below 
the rrO threshold. The counting rate at 140 Mev was- about 5 counts/hour. 
The converter -in/converter -out ratio was 6. The target -full/target -empty 
ratio was 6. The gamma-ray dete¢ter was calibrated for efficiency directly 
in .the sync~rotron bremsstrahlung beam by the photon difference method. 
The film is now being read, and the data,seem to indicate that the cross 
section as a function of energy at 90 0 is constant up to the 1T0 threshold. The se 
results agree roughly with the calculation by Powell. 
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BISMUTH FISSION CHAMB~R ' 

Wilmot N. Hess 

UCRL-3524 

The large bismuth fission chamber and the duplicate chamber con
taining no bismuth were used in a run at the Bevatron in the neutral particle 
beam. Integral bias curves were taken for both chambers. The bismuth 
chamber counted several times as fast as the ,no-bismuth chamber for all 
bias settings. A typical ratio of bismuth""to-no~bismuth chamber counting 
rates was 12:1 at 15 volts bias and roughly 100 db amplification. Cf252 

spontaneous fission sources placed in both chambers gave integral bias curves 
that were flat below 20 volts bias, indicating that all fission pulses were 
being counted.' A transition curve was taken by placing up to 12 in. of lead 
in the neutral partide beam. After a small rise'in counting rate - -'probably 
due to secondary particle production- '-the transition curve showed a decrease 
consistent with the geometriccros s section of .lead. This indicated that we 
:were counting neutrons, not gamma rei. Xl?, . 

As a re sult of the success with the bismuth fis sion. chamber, ,we 
deCided totry to use this chamber to obtain information about th,e high
energy cosmic-ray'neutronflux. The bismuth and no-bismuth chambers,' 
with their associated electronics and other counters to monitor lower-energy 
neutrons, were mounted in a trailer and taken to the White Mouritain Research 
Station near Bishop, California. The apparatus is operating succe'ssfully 
in this situation at the present time. We have not yet tried t()separate the 
charged-particle -induced events from the neutral.;.particle .;.induced events, 
but plan to do so.' ' 

AN EXPERIMENT ON THE DIRECT PRODUCTION 
OF ANTINEUTRONS 

John M. Brabant, Lowell S. Brown, ,Burtori J. Moyer, John E. Osher, 
Robert K. Squire, and Roger W. Wallace 

Two pos sibilities exist for the creation of antineutrons that could be; 
observed under laboratory experimental conditions . One possibility involves 
the charge,:"exchange collisions of antiprotoris with protons. This method' 
would,be utilized by an appropriate charge~excharige converter in the anti
proton beam, followed by a suitable countin.gapparatus for ideiltifyingthe 
antineutrons. The second possibility involves the direct production of anti
neutrons in the Bevatron target and their identification as part of the primary 
radiation emerging therefrom. 

The experiment described here is based upon the second possibility . 
. We propose to distinguish the antineutrons from the ordinary neutrons, which 
are producedin vastly greater abundance, by the use of flight-time infor
m,~'tion coupled with pulse -height analysis of events in a large volume of ' 
dense glass. 

In more detail, the principle of the experiment is the following. The 
Bevatron beam strikes the target with a radio-frequency structure associated 
with the operating principle.of the machine. Each pulse of the magnet typically 
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involves approximately 10,000 traversals through the target of the bunch of 
particles that have been accelerated (not all particles of the bunch strike 
the target on each traversal), The fundamentalbeam-pulse associated with . 
each traversal is ten to fifteen shakes in duration (one shake equals 10 -8 sec), 
The ordinary neutrons and the antineutrons that progressirithe forward, 
direction from the target are to be detected by the glass counter array at a 
distance of 200 meters, The antineutrons, by virtue of the energy expended 
in creating a nucleon pair, will be moving with a velocity near that of the 
center of mass defined by the incident proton and its target nuc teon. Con
sequently, the pulse of anti'nuetrons arriving at the distant glass counter 
will have become dispersed from ordinary neutrons of considerably higher 
energt. It is believed that the ordinary netitrons that t:Qove with the same 
velocity as possessed by the antineutrons will not produce pulses in the glass 
that compete in size with thO.se due to the annihilation of antineutrons. 

To select the proper time interval to bracket th.e arrival time during 
, each rf cyCle of the band of antineutrons of the desired velocity, it is necessary 
to define a counting gate .about 10 shakes long at the appropriate phase of 
each rf cycle. Owing to the rather large background of c.osmic-ray events 
in the array of glass counters, it is important to open this counting gate 
only in connection with rf cycles that actually deliver beam upon the Bevatron 
target. In addition, it is necessary to insure a type of Bevatron operation 
that preserves a desirably sharp rf p\llse of beam at the target with a minimum 
of particles drifting outside of phase stability. 

The various aspects of this' experiment have 'been under study, 'and! 
results have encouraged the preparation for trial of the experiment. The 
glass counting array is now essentially complete and will involve 20 glass 
blocks each 6 by 9 by 18 in. and each viewed by 14 photomultiplier tubes. 
An electronics arrangement which permits the identification and pulse -height 
analysis of large pulses occurring within the counting gate associated with 
each rf cycle has been prepared and tested., Considerable. experience has 
already been acquired with such glass Cerenkov counters in connection with 
the antiproton experiment of last fall. 

The rf structure of the beam has been the most uncertain feature, 
although proper control of operating parameters appears to allow the 
achievement of a pulse character in which the peak intensity during an rf 
cycle is several hundred times' the minimum intensity during the cycle. It 
is possible that this structure will allow the experiment to succeed in 
principle. 

A special experimental house to contain the glass counter and its 
associated electronic equipment has been prepared at a distance of 200 
meters from the Bevatron t,arget along the 00 beam line. 



,"-,27 - UCRL-3524 

c LOUD CHAMBER STUDIES 

Wilson M .. Powell in charge 

E x per i m e p t s. wit hD. iff u s ion Chamber 
, . . 

5.3 '-Bev p-p INTERACTIONS 

William B. Fowler, George Maenchen, Wilson Powell', 
and Robert Wright 

About lOO additional events resulted from two Bevatron runs during 
this quarter .. Standard diffusion chamber operation was used in the first of 
these runs (4 pulses per minute), while inthe second run (1 pulse per minute) 
a new technique of partial expansion was successfully tried. The ne'cessity 
of prohibiting intermediate Bevatron pulses during runs has significantly 
limited the diffusion chamber .. This limitation is directly related to the 
complex mechanism of track formation in a diffusion chamber. The partial
expansion technique was fried in order to allow the Bevatron to operate at 
full repetition rate during diffusion chamber; runs; the alternate Bevatron 
pulses were used for other experlrnents. Enough :i.nformation was obtained 
during the second run to show that this new technique is very' promising. 

Detailed analysis of the new events is under way and a report should 
be available in the near future. 

PROPANE BUBBLE CHAMBER: n~p and n-CARBON INTERACTIONS 

John Elliot, Earle C. Fowler ,William B . Fowler, Richa·rd Larider, 
Larry Oswald, Richard Th0tnas, and ~ilson Powell 

After satisfactory tracks due to ionizing part:i.cles had been 'obsE;lrv~d 
in the propane bubble' chamber, the need for development runs at the Bevatron 
was apparent. The objective was to bring thechambe'r into optimum operation 
with the accelerator without interfering any more than was absolutely neces
sarywith the already full Bevatron program. This objective was best 
acco'mplished by placing the propane chamber in a neutron beam from the 
73 0 K-station target area. To date we have approximately 10,000 pictures. 
The chamber has' been shown to' cycle at ten pulses per minute, " and information 
has been obtained on operational parameters. Analysis of inter.e·stfng 
events is in process. . 

EEPOR T IS.SUED 

. A report on "Analysis .of V -Particle Decays at Bevatron Energies" 
(thesis), by Baxter H. Armstrong has been issued as UCRL-3470. The 
abstract is as follows. 

. . 

Two hundred and twelve neutral V -particle decays are analyzed with 
respect to their angular and momentum distributions, Q walues, and pro
duction ratins. These V particles were produced in the 'stainless steel walls 
of a 36 -atmosphere hydrogen-fiUed diffusion Cloud chamber, by 'Il'- -meson, 
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neutron, and proton beams from the Berkeley Bevatron. Particularattention 
is paid to cloud-chamber bias effects. No correlation i~ the angle between 
production and decay planes is found for these decays, and it is shown that 
in some instances previous results showing small-angle preferences for 
this angle can be explained in terms of a cloud-chamber bias. There appears 
to be an excess of forward n:+ emis,sion in the c. m.system of the e.o decays. 
Similarly there is an excess of backward-emitted protons for the /,,0 decays, 
but this is at least partly due to bias. Some of the complicating effects o( 
production in heavy nuclei are discussed in appendices, and an extensive 
collection of graphs useful for the dynamical analysis oC:n~utral and charged 
V's is included .. F~ur "acromalous" neutral V's were found among these. 
decays that do not flt a.1\. or eO decay mode. -,; 

. E qui p men tan d T e c h n i q lie s 

30-INCH PROPANE BUBBLE CHAMBER 

Wilson M. Powell and group 

A large propane chamber, 30 by 18 by 6 in., utilizing hydrostatic 
support, has been preliminarily designed. Emphasis has been placed on 
(a) simplicity, (b) standard proved techniques,and(c) minimum cost.- The 
final chamber should be reliable, easy to operate, and available forexperi
ments in a comparatively short time. 

35 -ATMOSPHERE HYDROGEN PIFFUSION CHAMBER 

Robert Good and JohnSchonle 

The partial-expansion technique discus sed above opens up the. 
possibility of using deuterium gas in the 35-atmos. hydrogench.amher. The 
deuterium gas t.hat is available is unavoidably contaminated with tritium to. a 
small extent. The beta particles from the decay of this .small amount of -
tritium interfere with normal diffusion-chamber operation. The! expansion 
technique eliminates this difficulty. Tests on operational paramleters are 
being conducted with the goal of doing a 4.5 -Bev 11'- -d experimemt -at the 
Bevatron. . . - - . 

\ 
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PHYSICS RESEARCH 

Chaim Richman in charge 

K MESONS"" 

Four emulsion stacks have been exposed to magnetically analyzed 
and focused beams of positive particles of about 500 Mev/c momeritum, 
emitted from Bevatron targets at 0 9 • 30 0

, and 60° frOm thedirectiori of the 
incident protons. ' The scanning of these emulsions will give the relative 
fluxes of protons," pions, and K particles. Comparison of the relative 'and 
the' absolute fluxes wiHdetermine the best conditions for -a proposed experi~· 
ment to study the interaction of K+ particles with protons and neutrons . 
(Highest absolute K flux for still-acceptable pion-to-K ratio.) 

In addition to the momentum-analyzing stack at the 30 0 exposure, 
another stack has been exposed to a momentum,-focused pion and K beam, 
separated from the proton beam by an absorber between two magnetic fields., 
A similar experimental setup will be used for the final experiment on K
particle interaction" 

,At the 60 0 position a separated K beam was setup and was used to 
expose -stacks that will be s'canned at UC LA for K'-particle intera-ctions in 
emulsion:. Numerous other stacks were exposed at the same time for other 
groups. 

NEGA TIVE PR OT ONS 

The collaborative negative -proton work is being written up for 
publication. Work is still continuing on the ,analysis of elastic -scattering 
events of the .negativeprotons. The number o~ p - .. scatterings observed (9) 
are ,roughlyconsisterit with diffraction scattering from Itblack" nuclei. Qne 
interesting feature is an apparent destructive interference between,Rutherford 
and nucle-ar scatt~ring between 2 0 and 6 0 • The probab.ility that this would 
happen as a fluctuationfrom a Rutherford distribution is approximately, 
0.001. Thescaiming efficiency and correction factors have beerLchecked 
by measurements on the tracks of 50 positive protons in the energyregion. 
50 to 100 Mev, where it is known that Rutherford scattering predominates. 

A second collaborative p- exposure has been made, and the plates 
are now being scanned. 

AUTOMATIC SCANNER 

Preliminary designs are being considered for an automatic scanning 
device that will differentiate between tracks of various grain densities. 
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PHYSICS RESEARCH 

Emilio Segre in charge 

ANTIPROTON WORK 

The two preceding quarterly periods have mainly been spent in pre
paring for an antiproton run, with most of the grpup involved in one way or 
another. A liquid hydrogen target was constructed, with an absorption length 
of 36 inches, utilizing styrofoam insulation. A large multilayer scintillation. 
counter has been constructed to provide a counter in which many of the pro
ducts- of antinucleon annihilation can be brought to rest. The dimensions of 
the active volume of the large counter are 24 by 24 by 24 inches; it is made 
up of ·alternate layers of lead and plastic scintillator such that the average 
density of the counter material is 3.9 g/cm 3 and the radiation :length in this 
material is about 1.0 inch. This counter is expected to be especially useful 
in stopping antineutrons because it should be sensitive to both charged and 
neutral products of antinucleon annihilation. 

Two 8-in. -diameter magnetic lenses each consisting of three quadrupole 
magnets were constructed and are now being tested . 

. Two velocity-selecting Cerenkov counters of the Fitch design have 
been constructed .and partially tested. The Cerenkov radiator is made of 
an alcohol-carbon disulphide solution with optical index 1.59. The.se counters 
do not count particles below velocity 0.63 c and, because of the onset·of, 
total internal reflection, the counter s should not count particles with. ,,,elocitie s 
above'O.Sl c, where c is the velocity of light. These.counters act as: c,rude 
velocity selectors, counting only those particles having a "e locity within the 
interval 0.63 c to 0.81 c. With the aid of these counters we hope to be able 
to tolerate.a very large flux of pi mesons through the antiproton-:selecting 
apparatus without troubie from accidental coincidences due to the pi mesons. 

A combinationCerenkov counter and target (11 in. long) has been 
constructed, to hold liquid oxygen, water, or heavy water. Annihilations 
'can be detected from the Cerenkov radiation emitted in the target material. 
It is hoped that we may measure specifically the annihilation cross sections 
as well as the total cross sections for antiprotons incident on protons and on 
neutrons. The antiproton-proton cros s sections will be obtained from an 
H20-02 difference procedure, and the antiproton-neutron cross sections 
from a TI20-H20 difference. 

For use in the same experiments two 15 -in. ".diameter counter s were 
made, one a Cerenkov counter with a water radiator and the other a plastic 
scintillation counter. 

For the coming antiproton run a new trajectory has been calculated 
,with which it is hoped that from one to three antiprotons per pulse of the 
Bevatron may be obtainable. The details of the work to be done during the 
run are dependent to a considerable extent on the progress made by other 
groups prior to the run. Probable work includes measurement of proton 
and neutron total and annihilation cross sections for antiprotons as outlined 

, . 
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above. The total cross sections for a few other elements such as aluminum, 
tin, lead, and uranium will also be measured to augment the work previously 
done on beryllium and copper.. A search for the antineut~on will be conducted 
if the antineutron has not been found in the meantime. If time permits a 
search for ~new charged particles in the mass range 1000 me to 3000 me may 
be inc luded, and an attempt may be made to determine at least approximately 
the production cross section for antiprotons. in proton-proton collisions at 
6·.2 Bev.It maybe possible to obtain a direCt ,measurement of the ratio of 
charged to neutral mesons emitted in antiproton :annihilation. 

EXPOSURE OF PHOTOGRAPHIC EMULSIONS TO A 480-Mev/c 
SEPARATED POSITIVE-K-MESON BEAM 

. Gerson Goldhaber and JosephE. Lannutti 

'In line with our program of studying the interactions of K mesons in 
photographic emulsion, we, in conjunction with Donald Stork, have designed 
and used a system for obtaining a beam of positive K mesons with a much 

- reduced lightines on contamination and with an energy higher than that pre -. 
viously studied. The system employs focusing coils, two magnets, .and a 
beryllium degrader. Particles produced by 6.2-Bev protons on a drop-string 
copp:er target are accepted by 'the system if emitted at an angle of 58 0 and 
with arriomenhim of 7.25 ± 23 Mev / c. After pas sing through the energy de
gr:ader the k mesons: have been reduced to a momentum of 480± 33 Mev/c; 
they-are focused on an emulsion stack. * Preliminary study of a stack indicate s 
that We have obtained an average K-meson flux of approximately 400 K's/cm 2 

for 4.7 x 10 13 protons on the target. The ratio of K me sons to light mesons 
and electrbnsis roughly unity at beam 'center .. 

STUDY OF THE ANTIPROTON ANNIHILATION PROCESS 

Gerson Goldhaber 

_ As part of the cooperative program on the stu¢')1, of antiproton 
annihilations in nuclear. emulsions, we have exposed anbtherstack of plates, 
stack No. 72, to the 700 -Mev / c P- beam. * This stack consists of two hundred 
6 -by-9':'in. plate;s having an emulsion layer 600f,i'thick .. To date seven new 
P- annihilation stars have been found in this stack. This brings the total 
number of P- stars found by this group to twenty-two .. A paper on the earlier 
work is in preparation. . 

* , Exposure carried out jointly ~ith Warren W. Chupp and Sulamith Goldhaber. 
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,I, ARC RESEARCH 

Chester- Va~Atta in charge 

HIGH-VACUUM AND ULTRA-LOW'-TEMPERATURERE¥'RIGERATION 

Hugh R. ,Smith and Patrick B. ' Kennedy 

Work is c,ontinuing on the attainment of lower pressures ~ndhighet 
pumping speeds with conventional diffusion pumps. The approach adopted' 
has been to control the migration of the pump fluid and to trap out residua't 
condensable vapors,in the vacuum enclosure. 

It has been found that a cold crown over the, top nozzle hood in com
bination with a cold liner over the top jet condensation area on the inside of 
the barrel cuts down: the backstreamihg drastically. The major offender was 
found to be the hot top nozzle hood which re;,em'itted pump'::f:lil:idsll~pward 
through the pump orifice at very high rates. Initial te sts on a 32 -inch 
mercury-diffusion pump indicate that these additions to the pump minimize 
the backstreaming to such an extent that the so-called lIoptically opaque II 
baffles are not required between the pump and the vacuum tank. Such a' 
baffle has inherently high flow impedance and its elimination yields a net 
pumping speed for the pumping unit approxlmately twice as great as the 
speed with the baffle. 

It is, however, 'often desirabl'e to pro~ide cold surfaces for trapping 
out condensable vapors from the vacuum enclosure. Wateryapor is the most 
troublesome because of its extremely high vapor pressure (0.4 microns 
Hg at -BOoC, for example) and liquid nitrogen has beerithe conventional 
refrigerant used to trap it out. Mechanical refrigeration units have been 
deve loped to replace the liquid nitrogen in permanent installations. The fir st 
of these units other than the developmental ,models was placed in operation 
in the heavy-ion accelerator during the week of Aug. l3, 1956. It is being 
brought into adjustment, and present indications are that its design operating 
temperature of -1200Cwill be readily aC,hieved . 
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ACCELERATOR OPERATION AND(PEVELOPMENT 

BEVATRON 

Edward J. Lofgr.en iri charge 

Further progress in the Bevatron program is the subject of a forth
coming separate report by Edward J;Lofgrenand Walter D. Hartsough, 
"Bevatron Operation and Development. X. May, June, and July, 1956," 
UCRL-35l9. . 

l84-INCH CYCLOTRON 

Robert L.· Thornton in charge 

MODIFICATION 

Richard Burleigh 

The following·work on the modification has been finished during this 
quarter: 

1. Magnet regulator testing. 

2. Magnet measurements and shimming. 

2.1 Preliminary mapping of field over entire pole. 

2.2 Orbital surface position measurements. 

2.3 Preliminary testing for deflector. 

2 A Shimming of 90 0 segment preliminary to shimming entire 
pole. 

2.5 Fir'st shimming of entir.e po~e. 

2.6 Measurements for shimming out effects of b()lts. 

3. Installation of capacitor vacuum tank. 

4. Installation of the last two of the six diffusion pumps. 

5. Balancing of the two new pairs of blades , in$tallation of the blades 
in the capacitor vacuum tank, and preliminary running of the 
two pairs together in vacuum for fhe first time. 

6 .. Installation of final movable panels. 

7. Installation of plumbing to bla.des and motors. 

8. Installation of hinged door to capacitor vacuum tank. 

• 



-34- UCRL-3524 

Work is in progress on the fOllOwl,IJ.gitem's: 

l. 

2. 

3. 

4. 

5. 

6. 

7" 

8. 

9. 
10. 

Magneticmeasurernents on 'fir st shimming of entire pole. 

Design ofstee ring magnet (copper and steel out for'bids). 

Design of miscel'laneous minor items associated with rf system. 

Design and constructiori of final transmis sion lines. 

Design of access dpor,s to auxiliary coils. 

Design6f beam scraper. 

Installation of the main platform. 

, 'Installation of phase lines' and other counting leads to cave areas. 

Completing electrical installations in the oscillator rectifier room. 

Testing the vibrating blade control. 

LINEAR 'ACCELERAT OR 
'. ~ 

James Dona14Gow in charge, 

OPERATION 

; The linear accelerator has operated ona' normal schedule during the 
three-month period covered by this report. The oscillator sy'stemand tube 
design changes made early this spring have resulted in a greatly reduced 
tube -failure rate. The aver'age life' of: oscillator tubes on the mach'ine is 
now approaching 2000 hours. 'Metering of the filament and pla~ecircuits 
indicates that'the tub~s are not deteriorating. ' 

The feedback energy-control system has be'en successfully tecsted. 
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60-INCH CYCLOTRON 

Joseph G. Hamilton in charge 

DEVELOPMENT: THERMISTORS AT WORK ON THE 
60-INCH CYCLOTRON 

Kenneth Jenkins 

The thermal- sensitiver'e sistor has found many useful functions in 
the operation of the 6() -inch cyclotron. The thermistor has replaced several 
previous ly complex circuits with simpler (and trouble -free) iInits. It has 
made pos sible the continuous monitoring of certain temperatures in the 
c:yclQtron th,at it was,not"considered eC'onomically feasible to monitor in the 
past. 

Remote Thermometers 

A simple thermometer (Fig. 1) 'is used to measure the temperature 
of the copper in the magnet coils. The thermistor element (Western Electric 
14B is encased in a glas s bead~ thus enabling us to insert the thermistor 
into the magnet coil without any special ins.ulation.The temperature indication 
is accurate within 5% (over a range of 200 C to 100 0 C) on a standard linear 
meter marked 0 0 to 100 0 • The accuracy could be improved by using a 
spec~a1 calibrated scale, but no need has been found for the increased 
accuracy. 

The ref)istor R3 is added to equalize the hot resistance if several 
thermisto~'s i:tre to be used with one meter . R I is adjusted to calibrate the 
meter at 75 0 C. A standard calibrating resistor should be used to maintain 
calibration as the battery decays, but a mercury cell gives a constant " , 
voltage. ov,er its. life (6 TlJonths). . . 

Multichannel Temperature Recorder 

A 12-channel Speedomax recorde:r is used to record the relationship 
of the various functions of the cyclotron while it is in operation. Most of the 
operational meters (beam, dee voltage, osCillator power, arc voltag'e, and 
magnet current meters) on the control des~ haye a 10-millivolt output to 
feed the recorder. In addition, 13 the.rmistors (one reference) are used to 
measure 12 water li:ne sor contact temperatures. The con,trot panel (Fig. 2) 
consists of a mercury cell, 12 zero adjustment potentiometers, and a 
sensitivity potEmtiometer, which adjust the range from 100 to 25 0 C. Each 
thermistor is encased in an open b;;tkelite tuhe,and is connected to a central 
block bya 12-foot cable. ," 

Vacuum Pressuredauges 

Several thermistor vacuum gauges (Westbn D176255) were purchased 
for, observation of their effectiveness in measuring the range of vacuum 
pressures used around the cyclotron .. Tests on the drydock showed that the 
gauge effectively covers the range from atmospheric pressure down to 0.1 
micron. Below a pressure of 1 micron, the thermistor vacuum gauge was 
n~t as sensitive as our vacuum ion gauges for the detection of gases used 
for hunting leaks (hydrogen~ helium, and petroleum ether). ' 

,.' 
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The se.nsitive element of the thermistor' vacuum gauge is a small 
bead 0.02 inch in diameter suspended by two fine wire leads in a tubular 
bulb 3/8 inch in diameter. ':T'L~(thermisto"r vacuum gauge is similar to a 
Pirani gauge except that a thermistor is used instead of a platinum wire. A 
small current is passed through the thermistor;' thereby heating it: The 
equilibrium temperature of the thermistor is dependent on the thermal 
conductivity of the gas around it. A relatively insensitive bridge can be used 
to measure the eq uilibriurr:1 temperature of the thermistor because of the 
high temperature coefficient of the thermistor. A similar evacuated thermistor 
is placed in the bridge to correct for changes in ambient temperature. 

The thermistors are placed inside an old 6L6 metal tube shell for 
mechanical protection, and also, to prevent light from strikin'g the two 
thermistors and upsetting the balance. 

The volt-ampere characteristics of one of the thermistors are shown 
in Fig. 3.for air at several pressures between 10-5 and 760 millimeters of 
mercury. The operating point in general is to the right of the peak of these 
curves. The higher the current the lower the sensitivity and the higher the 
operating temperature of the thermistor. The maximum operating temperature 
must be limited to 200 0 C. 

The circuit shown in Fig. 4 is sufficiently stable to measure down t'o 
1 micron. The range sWitch increases~the meter sensitivity, allowing the 
lower levels to be read with greater ease, thus making it possible to detect 
small changes in pressure. ." 

The greatest advantage in the use 'of the gauge is in leak hunting. at 
pressures too high for an ion gauge toopel'ate safely. To further enhance 
the gauge's efficiency in leak hunt~ng, a"sllde wire" is used so that the 
meter can be left on a sensitive range. The slide wire is used to bring the 
meter reading on scale. Both the slide wire and the ,~Izero set" serve the 
same function electrically, but by setting the zero set with the slide wire in 
the full clockwise position (while the gauge is connected to a high-vacuum 
system) one can avoid upsetting the true zero of the instrument by {urther 
adjustment of the slide wire control. 

/ / 

Beam' Probe Monitor 

The current collected oil the internal beam probe is determined by 
measuring the amount of heat disslpatedin the probe cooling water and 
converting this heat to an equivalent beam current. 

The produce of the water flow and the temperature rise of the water 
gives the heat dissipated, but if we assume that the water flow remains 
relatively constant during a bombardment, the beam current can be taken 
as a function of the water temperature rise only. The system is calibrated 
before eachbombardment by putting a power of 0.5 to 3 kw into a 20-ohm 
heater in the water -cooling line. A special wattmeter, which is adjustable 
for frequency of the cyclotron and the radius of the beam when it strikes the 
probe, reads the equivalent amount of beam for the particular cyclotron 
parameters. Two therrnistors(Western Electric l4B) in the water line 
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measure the temperature rise 6f the water and convert this temperature 
into a current equivalent to that current that is read on the calibration 
wattmeter. 

The schematic diagram of the temperature converter is shown in. 
Fig. 5. Because of the wide variation of temperature and the need for a 
linear conversion, the nonlinear grid characteristics of a triode help to 
compensate for the logarithmic response of the thermistor. Tests show 
the current output to be linear within 5% for temperature between 100C and 
75 0 C. This temperature range will allow 500 microamperes of beam per 
gallon of water flow at the maximum energy of the qeam .. ' The high impedance 
and high voltage output of the converter allow the current to be fed directly' 
into the regular beam -monitoring integrators. The variable calibration 
resistor can adjust for all variations in water flow and beam energy that 
are encountered on the cyclotron. For beams above 100 microamperes'the 
calibratiop. is adjusted to give a factor of 10. 

OPERATION 

Summary of operations as prepared by Peter McWalters for this 
quarter: 

. Alpha bombardments 
Deuteron bombardments 
Proton bombardments 
Beryllium bombardments 
Experimental bombardments 

Outage time 

Shutdown 
Holiday 

Operational total 

Available time 

761.6 hr 
166.4 hr 

16,.4 hr 
169.2 hr 

13: 1 hr 

1126.7 hr 
. 121.5 hr 

1248.2 hr 
927.8 hr 

32.0 hr 

2208.0 hr 

An operating efficiency of 90.3% was maintained throughout this 
quarterly period. 
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During the last year (July 1955 to June 1956) the particle s listed in 
Table I below were available for bombardments 0 The beam intensities and 
energies of the various particles are given in the table. No maximum 
intensities for internal proton, deuteron, and alpha beams are given, as the 
targets reached melting and (or) vaporizing points before maximum beams 
were attainedo No attempts have yet been made on deflecting beryllium, 
nitrogen, and oxygen beams 0 

Particle 

Proton 

Energy 
(Mev/H) 

12 

Deuteron 24 

Alpha 48 

Beryllium__ 56 

- Garbo"ri 12 *.- -
Carbon13 *' 
Nitrogen 

Oxygen 

* 

100-168'· 

104-196 ' 

Table I 

Particle Beam Intensitie s 

Beam Intensity, p.a 

Internal External 
Maximum Average Maximum Average 

00040. 

.0.060 

-00018 

180 

500 

200 

0,020 

0.020, 

0.010 

85 

150 

100 

50 

70 

50 

Available butn,ot requested 

'<. 



-44~ UCRL-3524 

SYNCHROTRON 

Edwin M. McMillan in charge 

RESEARCH PROGRAM 

Robert Wo Kenney 

During the past quarter, the synchrotron has operated extremely well. 

.... " 

The major portion of the sy'nchrotron's running time for this quarter 
was devoted to the observation of Compton scattering of photons from protons 
at 900 • The absolute cross section has been measured as a function of 
incident photon energy from 100 Mev to 140 Mev, 'and the data are now being 
reduced. Preliminary results indicate the cross section, to be relatively 
independent of photon energy in the measured interval. 

Robert Cence continued his development of a counting system for 
selecting photons of a given energy from the synchrotron'bremsstrahlung 
beam. A counter observes electrons of a given energy after each has under
gone a radiative collision in the synchrotron internal target. The as sociated 
photon then possesses a known energy and, with appropriate coincidence 
techniques, the synchrotron can be utilized as' a 'monochromatic photon 
source. 

A small fraction of the running time was devoted to adjustments of 
the synchrotron capacitor high-voltage regulator. This new device is, now 
in full operation and has contributed measurably to the stability and high 
intensity of the synchrotron beam. 

OPERATION 

Rudin M. Johnson' 

The synchrotron was used, for physics research experiments during 
'this period. The peak energy of the beam was maintained below the meson 
threshold of 140 Mev during May and June. To maintain this energy, we 
ran the magnet at half voltage and adjusted the pulse so that the beam fell 
out befo're reaching 140 Mev. The synchrotron was fun at full energy 
throughout July. The beam intensity continually improved over this period 
so that we are again running at the previous high intensity of 5 x 108 

electrons/pulse. 

The synchrotron-magnet voltage regulator has been debugged and is 
now in use. A marked improvement in the stability of the magnet voltage 
and the beam has resulted. 

The electron beam spectrum of linac No. 2 was measured at approxi:
mately 3.3 Mev and was found to be 0.150 Mev wide at the half-intensity 
point. Dr. Lemmon and Dr. Newton continue to use the linac for chemistry 
experiments. A concrete radiation vault is being designed for the linac and 
will be located between the south synchrotron shield wall and Bldg. 68. 

Information Division 
10-2-56 sa 


