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- GENERAL PHYSICS RESEARCH

PHYSICS RESEARCH
Luis W. Alvarez in Charge

PROGRESS ON THE YC12 +p - B9 +a REACTION AT 32 Mev
' ' Harrold B. Knowles

During May through July there were several runs at th(f linear acceler-
ator at 30° in the laboratory systemm. The ground state of B’ comes in very
clearly and is calculated to have a differential cross section at this angle of
about 1.3 millibarns/steradian. The excited level at 2.4 Mev was probably
observed, and indications of one other level were obtained. A month was
devoted to obtaining a differential range foil of about 0.75 mg/cmz' of alumi -
num. The differential range and target thicknesses are now about the same.
This was done in order to optimize the counting rate and resolution. The
last run in July yielded no results because of electronic failure.

ELASTIC SCATTERING OF 30-Mev PROTONS
©. " John Leahy

The differential cross sectionsfor’ Al, Cu, Ag, and Au have been fitted
with the optical model by Dr. Saxon at University of California, Los Angeles,
using a complex nuclear potential, V + iW, with an exponential tail. The
values giving the best fit are V = 35 Mev, W =15 Mev, r_ = 1.33, and
a = 0.50 (both ro and a are in units of 10‘13cm), where R=r Al/3anda
is the rounding parameter for the potential well. This value of W corresponds
to a mean free path in nuclear matter of 2.4 x 10-13cm. :

K LIFETIME EXPERIMENT
Luis W. Alvarez, Frank S. Crawford, Myron L. Good, and M. LynnStevenson

. During this period we had a successful Bevatron run on a K* meson life-
time experiment. We detected and identified K mesons by type, using counter
techniques for the first time. Data reduction for this run is proceeding. Pre-
liminary measurements of the mean lives of the K , and K_, mesons will be
obtained upon completion of the dita reduction. TRE best uncorrected value

is 1.3 x 10-8 sec for both types.

Experimental difficulties prevented our obtaining in this run a measure-
ment of the 7 lifetime. These difficulties are not of a fundamental nature.
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Another run is bemg planned, ‘and-it is expected that the mean lives of the

sz, K w2’ and 7 will be obtamed to- good accuracy.

”DELAYED.F'IG-M'ENTS’”
Liuis W. Alvarez, Frank S. Cr.ai:vfor-d, Myfon L. Good',, and M. Lynn Stevenson

everal cosmic ray cloud chamber photographs have been seen else-
where” apparently showing a heavy meson decaying at rest with a mean life
of the order of milliseconds. A counter experiment was performed at the
Bevatron to search for such "delayed figments.'" The result was negative;
we can say that at an incident proton energy of 4.8 Bev there is less than one
"d elayed figment" per 200 Kt particles at a 90° laboratory angle. The -
counters were gated about.5 milliseconds after the main beam struck the tar-
get.” Thus if the '"figments' are sufficiently short-lived, they could have
been missed. A more conclusive result could be obtained at 6.1 Bev at a
more forward angle. This experiment may be undertaken if time permits.

- POLARIZATION OF DEUTERONS IN THE REACTION P+ p — m'+d
' Robert D. Tripp TN

The polar1zat1on of deuterons produced at a center of -mass angle of
115° in the p + p.= 7 + d reaction, usmg 340 -Mev unpolarlzed protons, has
been measured., ‘The deuterons were. . detected in c01nc1dence
with the mesons and were analyzed by scattering from a carbon target at 24°.
The observed polarization was 0.043 + .040. In conjunction with previous ex-
periments on the reaction, this experiment completes the specification of the
pPhenomenological parameters of Gell-Mann and Watson. Specifically it per-
mits the determination of the relative phases of the several modes of meson
production which in turn are related to the p-p phase shifts at this energy.

An article is being submitted to the Physical Review.

DIRECTION OF POLARIZA‘TION OF THE 184 INCH CYCLOTRON BEAM
Hugh Bradner

" Scanning has been resumed on the experiment to:determine the direction
of polarization of the cyclotron proton beam via scattering at low energy in
helium. Approximately 200 real scatters and 20 background events have been
found to date. The expected magnitude of polarization has been recomputed
from the published phase shifts of p-He scattering experiments.

LIQUID HYDROGEN BUBBLE CHAMBERS
- Luis: W Alvarez and J. D, Gow, and group

General S

Development work has continued on the four-inch and ten-inch chambers.
In order to exped1te completion of the ten-inch instrument, the enginéering
e large chamber has been temporarﬂy reduced. A reevaluation
R. L. Garwin, prlvate communication of results from the M I T. Cloud
Chamber group.
Alvarez
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of the proposed use of the large chamber resulted in a slight change in size.
It is now planned to be 72 inches in length, 20 inches in width and 15 inches
in depth. The personnel from NBS Boulder cryogenic laboratory have con-
tinued to aid our efforts on all phases of development.

A program . to determine experimentally the consequences of sudden
release of liquid hydrogen into a vacuum system has been initiated, and
experiments are under way. These experiments will mock up the situation
that might exist in case of window failure in the 10-inch chamber. They
will alsc give data predicting requirements for safety vent systems suitable
for other liquid hydrogen devices.

The window seal program has continued, with efforts pointed toward
solution of the 10-inch window . problem. Three different designs based on
lead gaskets have been tested successfully. A low-temperature-solder
metal -glass seal is under investigation. Some material evaluation work is
also being done, particularly on thermal expansions, and magnetic and
tensile properties of materials at low temperature.

The group from Boulder has been concentrating on the thermodynamic
problems associated with bubble chamber operation. Calculations of heat
input associated with the pressure-volume cycle, including the effect of
compressibility of liquid hydrogen, have been made. Comparison of various
expansion schemes from a thermodynamic standpoint is under way. Pre-
liminary results show that a vapor system is adequate for the 4-inch chamber
and will work with rather large heat inputs for the 10-inch chamber. For
larger chambers a 1ow-temperature expansion system is required. The
compressibility of liquid hydrogen in the range of 6 to 1 atmospheres is about
0.5% per atmosphere, is nonlinear with pressure, and is a function of tem-
perature.

4 _Inch Status

The four-inch chamber was successfully operated with pulsed Helmholtz
coils, which produced a peak magnetic field of 15 kilogauss through the
chamber. The thin stainless steel chamber proved difficult to operate owing
to leakage at the window seal. A four-day run was made, using the UCRL
300-Mev Synchrotron x-ray beam. This run was made primarily to evaluate
the usefulness of bubble chambers with such machines, and was made in
cooperation with the California Institute of Technology synchrotron group.
Several other runs were made to provide experimental data on the system.
thermodynamics. Excellent agreement between the theoretical and experi-
mental data was found. "It is planned to install a redesigned chamber of
improved mechanical design in this instrument. A complete rework of the
control circuits was completed, resulting in greatly improved reliability.

10 —'In.ch' Status

By the end of July all parts for the 10-inch chamber except the ex-
pansion line and expansion cylinder were completed. All parts were leak
tested, and a tridl assembly was finished. The illumination system has been
modified so that the flash tubes are internal to the vacuum system. The
electronic control racks are essentially complete. The chamber proper

Alvarez
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has been pressure tested to 160 psi with liquid nitrogen without leakage The
complete system W111 be tested with 11qu1d mtrogen in the f1rst week of :
August. : : L :

72 -Inch Status

DeS1gn work is proceedlng on the magnet magnet power supply, hydro-
gen storage, vacuum vessel, and window. The refrigeration system cannot
be chosen until the thermodynamic ana1y51s is complete At present it appears
that a low-temperature expansion system is essential. Various illumination
schemes are under consideration. A reflective (one -window) method using
solid Venetian blinds and a curved mirror, seems promising. As the 10-inch
chamber nears completion, increased. engmeermg manpower w111 be available.

‘Bubble Chamber Data Analysis

A. Data Reduction. Alvarez has pomted out that bubble chambers w111
accumulate dafa at a rate comparable to counter experiments, and with each
event defined to the accuracy of cloud chamber experiments. Clearly the
usual methods of analyzing cloud chamber data, which require the order of
an hour per event, will not be adequate. We plan te make rapid measurements
of the coordinates and (or) slopes and ‘(or) curvatures of the tracks on each of
two stereo photographs, and record these onIBM -cards. The cards will be
used in an I'BM 650 machine; in conjunction with data from a previously
photographed grid and informationh on the magnetic field, to compute for us
the true three-dimensional trajectory and momentum of the particle so -that
the coordinates, radius 6f curvature, and hence momentum components of
the track can bé determined. It appears that high-speed comparators, which
have been developed for ballistics research, can do the JOb of coordinated
measurement with useful speed and accuracy.

The computer groups at Berkeley and Livermore have assisted in dis-
.cussions of the IBM computations, and have begun sample programming for
4-inch and 10- inch chamber data. ' ) ’ '

B. Apparatus. All bubble chamber runs to date have used apparatus that
Wilson Powell has generously lent us: stereo camera, ""leaning tower' viewer,
and measunng microscope. We have now assembled, a stereo camera of our
own, using Rekordak components for camera housmg, film advance, and

vacuum backing. This camera will be used with the 4-inch and 10-inch chambers.
Construction of a stereoscopic projector is nearly f1n1shed

-

Two types of film reader are bemg designed:

(a) A projector that will enable us to measure and record bubble coordmates
onto IBM cards at a rate of about 10 points per minute. This unit, with an
accuracy of approximately 0.003 inch, can be obtained commercially by small
modification of a commercially available film reader.

(b} A projection comparator with somewhat higher accuracy, This unit will
also punch “coordinates in I'BM ‘cards.-, It will be used as a film reader and
as a basic unit for experiments with semi-automatic track following. As a
first step toward automation we have built, with William Fowler, a cathode
rdy display to permit the coordinates of a track center to be set very rapidly
and accurately.

Alvarez
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PHYSICS RESEARCH

Walter H. Barkas in Charge

K-MESON MASS DIFFERENCES
@ Walter Barkas, Harry Heckman, and Frances M. Smith

Considerable work has now been down on tracks of K-mesons in a
stack that was exposed undér conditions favorable for precise mass measure-
ments. The momentum resolution of about 1% was achieved by stringent
collimation of the K-meson beam and by reducing the gas scattering to a
negligible amount by substituting helium for air in the path of the particles.
Grids have been carefully aligned on the stacks and the rectified K-particle
ranges now are being measured by breaking the range down into straight
segments, each of which is measured. Careful account is being taken of
surface and edge corrections, and the emulsion shrinkage factor is accurately
known to be 2.21. When the inclination of the secondary track is less than
309, the K , and K_, groups (which together with the tau mesons constitute
the bulk of“ghe parﬁcles) are readily separated. Mass measurements are
carried out only on K particles identified as to type. Thus far, ranges have
been measured for about 100 K particles. The 7' and K _, mesons were
identified by following the secondaries to the point wherél%hey stopped. The
statistical distribution of the ranges has about the calculated variance except
that about 5% of the events seem not to have come directly into the stack
through the collimating system. Quotation of results will be deferred until
the range measurements are completed and until the anomalous events can
be more thoroughly investigated.

The 7, K_,, and K _ mesons lend themselves to another possible mass
comparison by ?ﬁe meas&%ement of the ranges of their secondaries. Un-
fortunately, no experimental range-energy relation now exists for determin-
ing the energies from the ranges, the range measurement is a difficult one,
and it is essential that the emulsion density be known at the time of exposure.
It is also important that the grain density of minimum tracks be high every-
where in order that large errors not be made in measuring the segments of
track in individual emulsions. Thus far, the range of only one K | secondary
has been measured in which all these conditions were met. The Fange was
19.81 c¢m in emulsion of specific gravity 3.84. This measurement was checked
in various ways, and no allowance for air gaps between the pellicles was
found necessary. No paper was used between the sheets and the stack was

tightly clamped.

RANGE-MOMENTUM RELATION

Walter H. Barkas, Paul H. Barrett, P. Cuer, Harry H. Heckman,
Frances M. Smith and H. Ticho

In a program designed to yield accurate data on the stopping power of
. emulsion for high-velocity particles, the range-momentum curve is being
determined up to B = 0.8 or higher. This is being done with the use of
magnetic analysis to obtain an accuracy of 0.1% for the momentum of pions,

Barkas
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protons, deuterons, and other nuclei. This information, of course, is needed >
for the study of K-meson secondaries. Ranges are measured in emulsion

of accurately known density. Special precautlons are taken to avoid drying

the emulsion surface when it is placed in vacuum. A good exposure was .
obtained with the cyclotron but no results are available yet. ~ -

EXPERIMENTS WITH THE NEUTRON BEAM FROM THE BEVATRON ¢
Paul H. Barrett

v Neutrons produced by the bombardment of a polyethylene target with
6.2 -Bev protons have been used in two experiments using nuclear emulsion.
The exposure of test emulsions in the neutron bearn indicated an undesirable
flux of photons, so a system of lead converters and magnetic. f1e1ds was used
to reduce the photon flux accompanymg the neutrons.

In the first experiment, 1-by-3-by-10-inch stack of Ilford G.5 emulsion
was exposed to the neutron beam. The analysis of this stack should give
(a) the flux of neutrons, (b) the mean free path for high-energy neutrons in
emulsion, and (c) a rough determination of the neutron spect rum.

The second experiment was designed to _measure the absorption cross
section for high-energy neutrons (4 to 5 Bev) in lead, aluminum, and copper.
The emulsions from these experiments have been processed and a preliminary
analysis indicates that the exposure was very satlsfactory

NUCLEAR TRACK PHOTOMETER

Fred Inman

Refinements have been carried out on the nuclear track photometer
during the past quarter. "The photometer was tested by measuring protons
and K particles. After calibrating an emulsion by scanning 50 proton tracks
and determining a depth calibration curve and convincing ourselves of the
independence of ionization on this curve, we proceeded to determine the use -
fulness of the instrument. At 700 microns residual range, the proton inte-
grated density was 190.7 % 2.6 for three protons and the K integrated density
was 179.3 £ 3.1 for four K's.. Thus a fair separation is obtained at 700 microns.
Mass determinations were carried out on 3-mm-.long K tracks and with the
track densities of four K's were compared to the average for three protons;
a K mass of 960 + 90 was found. A different method of approach to track
measurement was undertaken. Integrated gap-length measurements were
undertaken by measuring the charge put on a condenser, the charge corre-
sponding directly to the integrated gap length. The result of these measure-
ments for 3-mm-long K tracks was 965 * 50 (for four K ‘tracks compared i
to three proton tracks)

Barkas
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ANGLE AND ENERGY DISTRIBUTIONS OF CHARGED PARTICLES
FROM THE HIGH-ENERGY NUCLEAR BOMBARDMENT OF
.VARIOUS ELEMENTS

Evan Bailey

Absolute cross sections have been determined for charged secondaries
from the 195-Mev proton bombardment of carbon, aluminum, nickel, silver,
and gold, and the 220-Mev alpha bombardment of aluminum and silver. The
secondaries studied are protons, deuterons, tritons, He?’, and alpha parti-
cles. A report of this work is being written.

Nuclear track emulsion has also been exposed to secondary charged
particles to obtain absolute cross sections for proton, deuteron, and alpha
bombardment (at 340, 190, and 380 Mev respectively) of aluminum, nickel,
silver, and gold. The targets are monitored for beta and gamma activity,
and their activities are compared with those of targets exposed to the external
cyclotron beam. The relative cross sections for particles produced in these
bombardments were measured by Robert W. Deutsch and reported in UCRL-
2258.

INTERACTIONS OF 5.7-Bev PROTONS IN G.5 EMULSION
’ Peter C. Giles
Close examination of the tracks under high magnification (efficiency
~100 %) has revealed many previously ‘undetected. interactions with free

protons and interactions presumably with peripheral neutrons. A free path
of —33 cm for interactions of all types is now found.

A detailed analysis of all types of interactions will follow the complete
cataloging of these events. :

The scanning is being carried out in emulsion exposed with the proton
beam penetrating normally to the plane of the emulsion.

Barkas
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THEORETICAL GROUP -
Dav1d L Judd 1n Charge

A study of renormalization has been made. The technique is being
applied to the calculation of a cutoff- dependent value for the flne structure
constant. (Rlchard Spltzer) = o :

The small-angle elastic scattering of hlgh -energy (300 Mev) protons
from nuclei has been examined. Relativistic effects, which cause a spin
orbit potential toc arise from the Coulomb interaction, result in‘a significant
effect on the polarization of the proton in the forward direction, depending
on the sign of the nuclear spin orbit potential. Various aspects of the experi-
mental results of the polarization at small angles have been correlated to
Coulomb 1nterference effects.’ (Warren Heckrotte) '

Some reactions of K~ partlcles in hydrogen and deutérium were in-
vestigated {UCRL-3099). They are of interest in connection with the bubble
chamber program at the Bevatron. Another project, which is being wr1tten
up, was an investigation of the symmetry in isotopic spin space of the
Hamiltonian operator for strongly interacting particles. It was found that
charge independence and charge conservatmn actually imply full rotational
symmetry if the charge is related in a simple way to the rotation operator
in isotopic spin space. (Kenneth M. Case, Robert Karplus, and C.N. Yang)

An analysis of the effect of Coulomb forces on allowed favored Fermi
transitions has been begun. (William M. MacDonald)

' Conditions under Wthh relat10nsh1ps between bound -state problems and
scattering theory exist have been investigated. When applied to the many-
body nuclear problem; the integral equations used by Brueckner (Phys Rev.

®97, 1353 (1955)) can be somewhat clarified. A report on this work is now in
preparation. (Bryce DeWitt, Roger Newton, and Alfred Reifman)

On the basis of the 1sotop1c spin ass1gnments of Gell _Mann for the .
"'strange'' particles currently being studied at the Bevatron, and on the
assumption of isotopic spin conservation in fast reactions, relations between
different cross sections for K -nucleon interactions were derived and
summarized in Report No. UCRL-3074. Similar work on the cross sections
for various ""associated productions'' in nucleon-nucleon collisions is in pro-
gress. (Stephen Gasiorowicz) '

Preliminary work has been completed on the application of various
simple perturbations to an isotropic harmonic oscillator potential, with a
view to obtaining a set of energy levels and wave functions capable of pre-
dicting ground-state properties of heavy nuclei within the framework of the
shell model. A calculation of energy levels and wave functions of an aniso-
tropic harmonic oscillator with a flattened bottom and including spin-orbit
coupling is now in progress. This problem is being treated by first-order
perturbation theory about the isotropic harmonic oscillator. Also, some
thought is being given to the possibility of setting up a machine calculation
using a more realistic nuclear potential, which will include the deviations
from sphericity and spin-orbit energy. (Marvin Rich) '

Judd
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An investigation of the treatment of particles in an ionized plasma
in the absence of external forces has been completed (with Stephen
Gasiorowicz and Maurice Neuman). The generalization of this work to the
case in which external magnetic fields are also present has been begun. In
this case, the approach is to treat the magnetic field exactly, while the inter-
actions between particles give a perturbation on the otherwise circular motion
of the particles. Because of the perturbations the particles will now diffuse
in coordinate and velocity space, and these-effects are being investigated.
(Robert J. Riddell, Jr.)

The possibility of deriving new information on p-meson decay from
muons trapped in aligned nuclei has been considered. Because the muon
lifetime is short compared with the relaxation time in an ordinary lattice,
and because the decay electrons would be isotropically emitted (though
polarized), this possibility is found to be very unpromising. (Sidney Bludman)

A model of all the strange particles as nucleon-anti- A composites
has been investigated qualitatively. In such a scheme, the slow decay of
all the strange particles would follow from the slow decay of the A°  (which
itself might be attributable to a weak Fermi interaction). The mass degener-
acy among K mesons of apparently different angular momentum and parity,
as T and 60, appears naturally, provided the strong nmcleon-anti- A\ inter-
action is static. Any more quantitative estimate of the nucleon-anti-/\" inter -
action appears beset by extreme relativistic and recoil difficulties. These
conclusions had previously been arrived at by Marshak and Levy (Nuovo
Cimento 12, Suppl. 2, 253, and private communication). (Sidney Bludman)

The possibility of fvinding an extended invariance principle leading to
a definite form of coupling between elementary particle fields is still being
studied. (Sidney Bludman) :

The investigation of the validity of the Tomonaga approximation for the
one -nucleon-state vector by making a second iteration by the method of Dalitz
and Ravenhall has been completed, with the result that the difference between
the second approximation and the first is the same as the difference between
the first and the zeroth. (Kent Clrtis)

Study is also being undertaken on the formal scattering theory and
meson production with particular application to w° production in proton-
proton collisions. (Kent Curtis)

The exact method of obtaining all central potentials that cause a given
phase shift has been used for the derivation of variational derivatives, with
respect to the phase shift, of the potential, the wave function, and the phase
shift of another angular momentum. The result ylelds a simple exact re-
lation between the value of the potential at the origin and the first moment
of the phase shift. It can, furthermore, be used as the basis of a '"phase
shift perturbation method.' In the presence of bound states, an '"intrinsic”
S-matrix suggests itself naturally as an "unperturbed” starting point, and the
"intrinsic''potential can be found explicitly. The perturbation method near
the "intrinsic'" quantities was also generalized to the possible presence of a
tensor force. A paper has been prepared. (Roger G. Newton)

An attempt to include conservation of angular momentum in statistical

Judd .
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theory of nuclear events is bein‘g~m‘ade (D.H. Holland)

Work has been done with the formahsrn of Low (Phys Rev. 97, 1392
(1955)) in which the Dyson S -matrix is used as the starting. point for developing
an exact, although nonlinear, integral equation for the meson-nucleon scatter -
ing problem. ' An integral equation has been derived for the amplitude for
scattering plus production of one additional mescn. One would like to attempt
a solution of this equation’'in the nonrelativistic 1limit of the y. theory in a
manner similar to that used by Chew to get the P-wave phase’ shifts from the
Low equatmn Comparison of results with proposed experiments with pion
beams in the medium -energy range, where the cutoff theory might be valid,
would be of interest, Such a reaction would be

ﬁ"_+pf>1r_+1r++n; ,

Alsoc being considered is another approach to multiple meson production by

putting angular momentum conservation into the statistical theory of Lepore
and 1 ‘\Ieuman(Report No, UCRL-2649). (Saul Barshay}

An attempt was made to explain the observed dlfference between Fermi
and Gamow-Teller nucleon beta decay coupling constants, using the philosophy
that they are really the same in some fundamental sense. We argue that it
cannot be that the couplings to the bare nucleon are equal, since the mesic
corrections are infinite, differently for each coupling. Thus if the renormalized

couplings are taken to be equal, the observed difference between thé couplings
can only be a result of the finite energy-momentum transfer at the beta decay
vertex (a minute correction) and many-nucleon "“coope/ratlve” effects. The
difficulty is that only the former effect operates in neutron beta decay; but
here the ratio of coupling constants (as determined by angular correlation) is
the same order as 1n nucleus beta decay. (Charles Goebel and William -
MacDonald) .

Inve‘stigations on the consequences of causality are continuing. In parti-
cular the Kramers -Kroning relations are being applied to the pion-proton
phase shifts at low energy with the aims (a) to determine the energy dependence
of the S-wave phase shifts; (b) to then make a best fit of the data, in order to
determine parameters of practical importance, such as the Panofsky number
61 - 63 /k, and of theoretical’ importance, such as the threshold S- wave couplmg
constant g (Charles Goebel and Robert Karplus)
* High-energy pion-proton experiments continue to be studied, with especial
reference to the possible role of meson-meson interaction. (Charles Goebel)

An art1c1e on the effect of Coulomb interference in proton- proton scat-
tering was completed. . Further calculations wére made of this effect in con-
nection with the phase -shift analysis of the Berkeley experiments being done
by Ypsilantis and Stapp. In collaboration with Warren Heckrotte further esti-
mates were made of various possible sources: of error in the éxperiment with
the spiral.orbit specdrometer measuring the energy spectrum of the electron

from p-meson decay. It appears that the change of magnetic field shape with

field setting due to saturation is serious, and probably sufficient to account for
the discrepancy between the previous:values of p obtained by Sagane, Dudziak,
and Vedder and of other experiments. (Alper-Garren)

Judd
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A Hamiltonian form of the wave equations for integral spin particles
was obtained (UCRL-3067). (Kenneth M. Case) '

A lower limit is found for the momentum derivative of the scattering
phase shifts of a relativistic neutral two-particle system when the interaction
is of finite range. (Charles Goebel, Robert Karplus, and Malvin Ruderman of
the Physics Department, University of Callforma) (UCRL 3034)

Within the framework of the higher dimensional Dirac equation a classi-
fication of the observed elementary particles has been constructed. In the
course of the work a general expression for the charge operator for Baryons
and Bosons suggested itself. Its consequences on decay schemes are currently
being investigated. (Maurice Neuman) . :

A paper on the genéralized effective range theory of scattering, begun
last quarter, is almost comi)leted To be included are upper and lower
limits on core radii in the state, and their dependence upon the type of
expernal attractive well used. A second paper on a method of deducing
properties of the force directly from the scattering, as reported in the last
quarter, is in progress, Work on h1gher approximations in this method is
continuing. (Robert Raphael)

During the past quarter, work has been completed on an investigation
of polarization effects in nuclear scattering. This work was divided into
several parts. First a phase-shift analysis of the polarization data for n-p
scattering was carried out at LLos Alamos. Secondly, since the energies
involved approach values for which relativity will play a role, a relativistic
formulation of the polarization effects was developed and the associated
corrections were investigated. In addition, a formalism suitable for treating
spin-one projectiles against spin-zero targets was developed, and, finally,
some approximate calculations for the polarization of deuterons were carried
out. In these, the first and second Born approximations were used, together
with determination of corrections due to the presence of the d-state in the
deuteron wave functions. (Henry Stapp)

A study is being made of some of the implications of charge independence
within the context of the theories of Gell-Mann and |fais for the strange new
particles. (David Feldman)

A paper (UCRL-3056) on the mathematical justification of the perturbation
theory of differential operators has been completed. The eigenvalue problems
given by

dzu

dx

J

+_{)\-q(x)- ep(x)l u=0, 0 <x<oo
and
Vi +dh - q(x,y,2) -ep(x,y,2)} u=0
in ordinary three-dimensicnal space are considered, where ¢ is a small real

quantity.. The expansions for the eigenvalues and eigenfunctions which are
given by formal perturbation theory are justified as asymptotic series, valid

Judd
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for a finite number of terms as ¢ - 0. The approximations are established
up to second order by placing certain restrictions on the functlon p. (John
Killeen)

While it is a matter of convention to say that the neutron and proton
represent eigenstates of the isotopic spin with values -1 and. +1, respectively,
the correspondmg assignments for antineutrons and antiprotons are not free
once this choice is made. The correct choice may be inferred from experi-
ment, for if these particles can be produced by gamma rays {or electrons)
one must choose isotopic spin values -1 and +1 for antineutron and antiproton
respectively. This ambiguity may also be taken to mean that there are two
types of particles in nature; one in which the antiparticle has the same value
of the isotopic spin, another type where this assignment is just the opposite.
A possible assignment would be neutron and proton to the first type and the
cascade particle "—=  to the second. (Joseph V. Lepore)

Judd
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PHYSICS RESEARCH
- Edward J. Lofgren in charge

ELASTIC PROTON —PROTON SCATTERING
Bruce Cork and William A. Wenzel

Meéasurement of the differential cross section for elastic proton-proton
scattering as a function of angle at Bevatron energies is in progress. The
internal beam, monitored by an electrostatic induction electrode, strikes a
polyethylene target in the ugstream end of a straight section. Protons scatter -
ed at angles from 10° to 45° (laboratory system) emerge through a thin
(0.090 «inch) aluminum window on the outside radius of the Bevatron. These
are detected by a two-counter telescope in coincidence with a similar telescope
on the inside radius of the Bevatron, which detects the (}arger -angle recoil.
Fourfold coincidences with a time resolution of 6 x 10~7 second and good
geometrical resolution (10'4 steradian) permit separat1on of the elastic peak
from a rather large inelastic background

Experimental results are as follows:

do
. aw
(Bzv) c.?n. : (mb/ster)

0.92 , 49° 3.3
72 0.76

. 92 0.45

2.24 44 1.5
58 0.58

70 0.33

93 ~0.19

3.49 34 1.7
49 0.26

64 0.07

78 0.06

4.40 ' 36 0.61
' 53 0.12
69 0.045

An internal counter is being arranged so that measurements can be
made at smaller angles and at higher energies.

ANTIPROTON SEARCH
@ Joseph J. Murray, Nahmin Horwitz, Bruce Cork, William A. Wenzel,
John M. Brabant and Roger W. Wallace

"A counter telescope has been used to search for antiprotons in the beam
from the magnetic analyzing system devised and constructed by Segre,
Chamberlain, Wiegand, Goldhaber, Chupp, and Ypsilantis. The telescope,
shown in Fig. 1, consisted of scintillation counters to define the beam, three

Lofgren
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Cerenkov counters with radiators made of different materials, an absorber,
and a deflecting magnet. With all scintillators and the polystyrene counter
in coincidence, the water and lucite counters in anticoincidence, and the de-
flecting magnet set for negative particles, the telescope should respond to
negative protons with B = 0.76 + 2 % and should reject positive protons, K
and m mesons, and electrons of any f. This system was followed by a large
lead -glass Cerenkov counter in which annihilation of stopped negative protons
could produce pulses much larger than those from minimum particles.

In a preliminary test using positive protons, the telescope exhibited the
expected B resolution and had an efficiency of 3% to 4%. This response curve
is- shown in Fig. 2. '

Approximately two hours were devoted to antiproton search. During
this time roughly 4 x 10° 7~ mesons were incident on the front aperture of
the telescope, and one signature was obtained. The lead-glass Cerenkov
counter pulse associated with the signature, however, was only twice the
height of pulses produced by #~ mesons. ‘

c!2(p, pn)c!! CROSS SECTION AT BEVATRON ENERGIES
Nahmin Horwitz and Joseph J. Murray

The work described in the last report has been continued. The integrator-
flyback circuit has been employed successfully to obtain pulse-height distri-
butions for correlation of photomultiplier output with absolute number of
protons passing through the target.

It still remains to complete a high-accuracy measurement of the
linearity characteristic of the phcitomulnplller Apart from the uncertainty
arising from this problem; the C (p pn)C" " cross section appears to be
essentially flat from 340 Mev to 4 Bev. In a later run measurements will
be repeated at low energy and extended to 6 Bev.

7-MESON LIFETIME ,
Luis W. Alvarez and Sulamith Goldhaber

The lifetime of the T meson has been measured by a comparison of
relative numbers at two different flight distances from the target. Nuclear
emulsions were used as detectors to determine the relative numbers of
T mesons in a g1¥8n7momentum interval (350 Mev/c). The resulting mean
life value is 1.0 7", x 10-8 sec.

ThlS work is reported in detail in UCRL 3041 and will appear in
Nuovo C1mento

@ INTERAC TIONS OF NEGATIVE K PARTICLES AT RESTl
Warren W. Chupp and Sulamith Goldhaber

- .K  mesons produced in a copper target by 6.2 Bev are accepted into

.

4 .
T his work is done in conjuction with Francis H. Webb and Gerson Goldhaber.

Lofgren
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the strongfocusing-lens analyzing magnet at 90° for the proton beam. 2 Stacks
of Ilford G.5 pellicles have been exposed to the focused K™ beam of momenta
300 Mev/c to 410 Mev/c.

K™ mesons are selected without bias by picking all tracks of grain density
between two and three times minimum at the incident edge of the stack. A
preliminar% report on the study of 22 K~ stoppings has been sént to the Pisa
Conference” and an abstract to the Mexico City Meeting.

A total of 130 K~ stoppings have been observed to date. The analysis of
these events according to the reactions

K~ 4 "nucleon' — Z +

is in progress. A prong distribution for 131 stars is given in Fig. 3. The
visible energy release in most of the stars accounts for only a small part of
the rest energy.

K-PARTICLE PRODUCTION STUDIES .
@ Warren W. Chupp and Sulamith Goldhaber

" Experimental evidence at present indicates that the masses of the various
K mesons are all equal (within some few electron masses) and equal to the
T-meson mass (965.5 m_). The experimental data on lifetimes also indicate
that there is no distinction between the various K mesons. If the T meson
is distinct from any of the other types of K mesons, then it may be possible '
to observe a difference in production at different bombarding energies. Studies
using nuclear emulsions are under way in which the ratio K will be measured
at different proton bombarding energies.

The experimental arrangement used for the emulsion exposures consisted
of: :
(a) A collimator 0.5 inch high by 6 inches wide, placed at 90° to the
target and 30 inches away (just outside the thin window in the west straight
section of the Bevatron);
(b) A 90° wedge -sector magnetic field. The field gap is 3 inches, and
the intensity used was 12,000 gauss. '

This arrangement gives good dispersion (5 Mev/c per 1nch in the focal
plare) and permits the exposure of large emulsion stacks at several different
momenta simultaneously.

P

Kertn Stork, Birge, Haddock and Whitehead, Bull. Am. Phys. Soc. 30,
No. 3, 41 (1955) "—

3 Chupp, Goldhaber, Goldhaber, and Weth, ""Interaction of Negative K Particles
at Rest', University of California Radiation Laboratory Report No.
UCRL -3044, June 14, 1955

4

Bull. Am. Phys. Soc. _3_(1, No. 5, 13 (1955)

Lofgren
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The proper time of flight for K mesons of 350 Mev/c momentum is
approximately 1.6 x 10~° sec.

Several exposures have been made using this arrangement. They are
described as follows:

1. K' mesons of 250 Mev/c, 350 Mev/c, and 450 Mev/c momenta
produced in copper by 6.2-Bev protons.

2. K'Y mesons of the same three momenta produced by 4.2-Bev protons.

3. kT mesons of the same three momenta produced by 2.6-Bev protons.
(Emulsions were also placed along a copper wedge sufficiently thick:to stop
330-Mev/c w during this run. This was done to facilitate the comparison
between K~ and K' meson exposures, which necessitates reversing the magnetic
field.)

4. K™ mesons of 250 Mev/c and 350 Mev/c produced by 6.2-Bev protons
(again the copper wedge was used to stop 330-Mev/c ©7).

The frontal face of the target was covered by several thin aluminum foils,
which se'rv% to monitor the integrated proton beam for each exposure. The
induced Na%4 activity was counted to determine the relative proton flux at
each exposure so that comparison of K mesons at different energies is possible.

The stacks at present are being processed.

Edwin L. Iloff and Gerson Goldhaber of Prof. Emilio Segré&'s research
group have assisted greatly throughout the course of this program.

Lofgren
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PHYSICS RESEARCH = © & *
Burton .T., Moyer in Charge

NEUTRON MULTIPLICITIES FROM uJL CAP‘TURE ‘ .
George P Mﬂiburn DonaldA H1cks, Robert V Pyie, and John Ise’ Jr

“An experiment is planned to measure the neutrons emltted from various
nuclei following capture of p~ mesons.  The neutron detector will be the large
liquid scintillator tank (30 inches diameter by 30 inches) with a detection
efficiency of about 60%. A series of four plastic scintillation counters will
be used; two in coincidence will define a beam of cosmic rays that passes
through the absorber, a third will be used to identify a minimum -ionizing
particle, and a fourth in anticoincidence will indicate those partlcles that do
not stop in the absorber. The pulses from the large tank will be displayed on
a Dumont 517 oscilloscope and photographed aleng with the pulses from counters
3 and 4. The measured u “/u" ratio will be used to determine the number of
b~ mesons stopping the absorber, and elght inches of Mad will serve to re-
move the electronic component of cosmic rays.

The .experiment is being done to measure the excitation energy given to
the nucleus. If the p~ is captured by a proton(p” +p = n + Vv is the most likely
interaction), then the momentum distribution and effective nucleon masses in
the nucleus will determine the amount of energy transferred. -

Previous measurements have been made with low-efficiency {(«— 6%) neu-
tron detectors and could give only ¥, the average number of neutrons follow-
ing @ capture. The present__%chnq%ue should also give the second moment
of the multiplicity spectrum; v

Counting rates, exclusive of any background, are expeéted to vary from
150 to 20 neutrons observed per week for lead and aluminum, respectively.
The background is expected to be 1 or 2 neutrons per week.

NUCLEAR GAMMA -RAY SPECTROSCOPY
Charles N. Waddell, Harlan C. Shaw, and Harold E. Adelson

In an_effort to test the hypothesis of a T = 1 origin for the 15.09-Mev
level in C1 , an experiment was conducted at the 184-inch cyclotron to measure
the yield of gamma rays when a carbon target was bombarded by alphas and
deuterons. Isotozplc spin selection rules would inhibit the production of a
T =1 state in cl , as all the nuclei are even-even and hence have a T = 0
ground state. To permit a variety of bombarding energies to be used, the
targets were viewed at 90° in the laboratory system by a 3-by-3-inch
NaI{T1) crystal. The pulse-height d1str1but10n was measured with a ten-
channel pulse -height analyzer.

Very low beam intensities had to be used because of the ten-second
resolving time of the pulse-height analyzer; consequently it was impossible
to monitor the beam with our thermocouple arrangement Therefore we
measured the relative intensities of gamma rays at 90° from the 4.43- and
15.09-Mev levels. The 4.43-Mev level is T = 0 and hence its production will

Moyer
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not be inhibited by isotopic spin selection rules.

Another problem inherent in the alpha bombardments arises because
normally there is a large contamination of deuterons in the alpha beam unless
a sufficient amount of time has elapsed since a deuteron run. Because we
could. use only very low-intensity beams, we were able to take advantage of
the different e/m values for alphas and deuterons to separate them by adjust-
ing the arc timing to reduce beam intensity. We were able to test the efficacy
of this technique in a bombardment of Be’, as with the timing set for alphas
the gamma -1ay spectrum was the characteristic 4.43- and 15.09-Mev gamma
rays frOfer C"", whereas with the timing set for deuterons there was no trace
of the C"“ gammas. This was aligd‘the first time we have observed the
15.09-Mev level in the Beg(a, n)C*“" reaction, as a previous run using a pair
spectrometer did not give an observable yield, * although Rasmussen et al.
reported this reaction.

When 175-Mev alphas are incident upon a carbon target of sufficient
thickness to stop the beam, there is a production of gamma rays of 15 Mev
which can be attributed to the 15.09-Mev level. However, when the target is
pushed in to a radius where 42-Mev alphas are incident on the target, there
is no observable yield of high-energy gamma rays. It seems probable that
the gamma rays formed by high-energy alphas are due to the breakup of the
alpha particle and subsequent excitation of the carbon nucleus by the emitted
protons and neutrons. Previous experiments have shown that both neutrons
and protons incident upon carbon will produce this level. Similarly, high-
energy deuterons produce the level weakly, but time did not permit the re-
duction of energy as for the alpha experiment.

PROTON-PROTON w° PRODUCTION
"Robert K. Squire and Robert.J. Cence

- The experiment to determine the cross section for w° production from
"protons on protons has almost been completed.
/ ‘ : A
The cross section for the reaction (p + p- 7 4 P + p) is expected to be
dependent upon the maximum meson momentum, N,s a8

o =a 1’12+a n6+u‘, 8
. 1 2 o 3 7o
The experimental results indicate that the term a, is zero, or very

small, and that the ratio m3/@. is at least as large as 20:1, although the
best final results have not yet ]bee_n determined. The quantity a ‘n08 is the
cross section for mesons to be produced in the p state with respect to the
two-nucleon system and for the two nucleons to be left in a p state with re-
spect to each other. There seems to be a strong preference for this over
the other c:ases(m1 and uz) where the meson is emitted in the S state.

! D. Cohen, B.J. Moyer, H. Shaw, and C.N. Waddell, "Emission of High-
Energy Gamma Line from C12%,'" Phys. Rev. 96, 714 (1954).

V.K. Rasmussen, J.R. Rees, M.B Sampson, and N.S Wall, "A Search
for 15-Mev Gamma Radiation,' Phys. Rev. 96, 812 (1954). :

Moyer
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BETA-RAY SPECTROSCOPY
Roger w. Wallace and Jack A. Welch

" During the first part of June a study of Al (p_-, 'n)Si27 was made orl the
Linac. The results indicated C o .

.g(ay That the apparent half life was too lon%,?nd vark%d with positron .etier'gy'. .
This was later traced to a mixture w1th Al ,n)8i~; formed when the ab-
sorber falled to move properly. L

(b} That an annoy1ng long-lived (hours) positron activity was developed This
was blamed on brass parts in the target holder, which have now been replaced
with lucite, The last part of June an exact repeat of the UNE (p, n)S1 27 run in
June 1954 was made (i.e., statlonary absorber, same target). This showed |
that indeed the present detector is more eff1c1ent and that the above -mentioned
difficulties were cleared up.

" A good (1% stat1st1cs) Kurie plot was obta1ned for a 10-mil (137 kev)
target. This showed a very bent 11ne wh1ch is probably due to poor resolutmn

The f1rst part of July was’ taken up with several mechamcal ch,angeks:

(a) an integral faraday cup to subtend a larger 'solid angle,
(b) rearrangement of collimating slits,
(c) reworkmg of absorber charger

PHOTONIC DECAY OF HEAVY MESONS AND HYPERONS
John E. Osher and v.Sherw‘ood I. Parker

The gamma.- ray telescope used in this exper1ment was calibrated by
folding theoretical ¢urves for pair production and energy splitting with an
experimental determination of electron counting efficiency. The latter was
obtained as a function of geometry, energy; and remaining converter thickness
during a short run at the synchrotron.

Because of the mass involved. in the plunging slit system; a 3-inch-
diameter probe was found to be necessary. This required a relocation of
the experimental area and allowed a redesign of the slit system to take ad-
vantage of a near -by aluminum- walled well for locatmg further collimation
and the gamma ray telescope

TOTAL-ABSORPTION PHOTON SPECTROMETER
John M Brabant Rober W Wallace ‘and Robert J. Cence

‘The. spectrometer that was prev1ously assembled tested and cal1brated
from 40 to 320 Mev has been calibrated up to 1.5 Bev. This was accomplished
by using electr ons obtained from the materialization of w -decay gamma rays
obtained from the Bevatron and ahalyzéd magnetically. The response of the
‘device is very nearly'linear over the entire range of calibration. More care-
ful evaluation above.l Bev seems necessary, both.to extend this range and to
investigate any possible departure from l1near1ty of response in the higher-

Moyer
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energy region,

The .spectrum of photons from w° decay at 6° to the incident beam has
been obtained for incident protons of 6.2 Bev energy. A run to investigate
the spectra at 90 and approximately 120° is scheduled for August 10-11.
This should also prov1de additional information on the desirability of in-
creasing the speed of the associated electronics. Additional mobility of
operation has been achieved by a complete rearrangement of equipment
presently used.

The spectrometer is also being used in connection with antiproton
search by. Edward J. Lofgren and his group. It is hoped that there will be
a correlation between possible counter-telescope results of that group and
possible evidences of 2-Bev annihilation radiation obtained simultaneously
by the spectrometer.

PION PROTON CROSS SECTIONS

Burton J. Moyer, Hoyt A. Bostick, Kenneth C. Bandtel, Roger W. Wallace,
N. Fredrick Wikner, and Selig N. Kaplan

One further run in the measurement of pion-proton cross sections has
been made since the last Quarterly Report. This was devoted to tying in
Berkeley data with Brookhaven data by measuring a value of the cross section
down near 2 Bev. The orbit actually employed delivered pions of 2.3 Bev,
and at this energy the ¥ -p cross section of 32+ 4 millibarns was determined.

The large error makes it desirable to gather further data at this energy,
and this is contemplated for a succeeding run.

Orbits for positive pions are being calculated in preparation for the
T -p measurements. Also, experimentation on counting methods to be
employed here has been successfully pursued. The problem involved is the
separation in detection of positive pions from protons which follow the same
momentum orbit. This can be accomplished through the use of a high-
pressure gas Cerenkov counter, which allows the detection of pions while
protons of the same momentum are below.the Cerenkov threshold. Experi-
mental tests with this type of counting have been successful.

Preparations for exploring pion-neutron cross sections have been made
through the use of light- and heavy-water attenuators. ‘Also, it is planned to
make at least one run with a liquid hydrogen attenuator, and if agreement is
obtained with the C- CH data, the liquid hydrogen target will probably not be
further used.

PROTON COMPTON SCATTERING
‘Burton J. Moyer, Kenneth C. Bandtel, and Larry L. Higgins
Preliminary efforts on the Compton scattering of 140-Mev photons with

protons have involved the study of background phenomena and means of reduc-
ing them to levels that allow the observation of the desired events with their

Moyer
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very low cross section. The coincidence-anticoincidence counter rings de-
scribed in the Quarterly Report for November to January have been employed,
and satisfactory shielding against stray gamma radiation and:against the effects
- of ambient neutrons have been achieved. The coincidence network with its
timing conditions reduced the cosmic ray background to suitably low levels; -
however, one very serious background problem remains which is due to fast
neutrons' coming down the collimator tube and scattering into the counter
rings. - A small number of double recoil events were observed in which the
neutrons produce recoil protons in both counters of a given unit after the
converter, and the pulse heights are such as to make these events almost
indistinguishable from the counts produced by Compton-scattered photons
from the hydrogen protons. A further background which is always trouble-
some is the vast sea of 1ow-energy electron-Compton-scattered photons .
from the hydrogen

It has been concluded that Cerenkov counters must be introduced into
the counting units following the converters in order to make them insensitive
to the neutron recoil events referred to above. A given counter unit would
then consist of an anticoincidence scintillation counter followed by a lead con-
verter, and this in turn followed by a scintillation counter and a Cérenkov
countei" in series. As before, there will be a ring of 12 such units distribu-
ted around the target in the 90° plane.
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CLOUD CHAMBER STUDIES
Wilson M. Powell in Charge

EXPERIMENTS
4.5-Bev 7 -p Interactions

William B. Fowler, George Maenchen, Wilson M. Powell, George Saphir,
and Robert W. Wright

A preliminary report, UCRL -3042, was completed. Three more days
of Bevatron time yielded additional events. It is anticipated that at least
three more runs of three days each will be required in order to have sufficient
statistics after breakdown of the data into their various categories -- i.e.
elastic and different types of inelastic. The discovery of two new six-prong
events in the last set of pictures has verified that the original two cases were
not just the result of a statistical fluctuation but represent a real rate of very
high -multiplicity meson production.

High-Energy n-p Interactions

William B. Fbwler, George Maenchen, Wilson M. Powell, George Saphir,
and Robert W. Wright

Interactions with protons of neutrons emitted at 0° from 6.2-Bev p-Cu
collisions were studied in the 36-atmosphere diffusion cloud chamber in a
three~day Bevatron run. Seventy-thousand pictures and somewhat more than
300 events showing meson production were obtained. About 10% of these
events had five outgoing prongs. There were-also two events with seven out-
going prongs. The five-prong events show at least three meson production
and the 7-prong events show at least five meson production. These results
are consistent with the very high-multiplicity meson production processes ob-
served in the m -p experiment. The multiplicity of meson production is notably
greater than the Brookhaven n-p results, where there were no five -prong events
out of 185 events resulting from neutrons produced by 2.2-Bev protons on
carbon. Two cases of heavy-meson productlon in n-p collisions were seen.

One case is an identified 6°, and the other is an identified A9. In addition,
two tau mesons, presumably produced in collisions in the wall of the cloud
chamber, were seen to decay in the chamber.

5.3-Bev p-p Interactions

William B. Fowler, George Maenchen, Wilson M. Powell, George Saphir,
‘and Robert W. Wright

Orbit plots were completed which show that it is feasible to obtain
5.3-Bev 'scgttered protons external to the Bevatron. These protons are scat-
tered at 11 from the 20-inch target and leave the Bevatron through the thin
window, making an angle of about 11° with the wall of the stra1ght section.
They then enter the 5-foot deflecting magnet and are deflected 8°, which is
sufficient to clear the yoke of the main magnet. The channel through the

Powell
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shielding is parallel to the present neutron channel and is displaced downstream
2 feet. During the next quarter, a three-day run is scheduled with the 36 -
atmosphere hydrogen diffusion cloud chamber. Information on the 5.3Bev p-p
total cross sectionand on the elastic and inelastic cross sections should re-
sult.

@ B : Search for the Antiproton ‘
John Elliott, William B. Fowler, Richard Lander, Larry Oswald
' Wllson M Powell, and Howard Whlte )

v An exposure with -the magnet expansion chamber is scheduled for the:
next quarter. in which it is hoped to see antiprotons if they are produced at
6.2 Bev. The chamber has five one-centimeter Pb plates and will be placed
in a beam of negative partlcles emitted from the 8° target. Identification
will be possible by change in ionization and change in momentum. The charge
of the particles will be definitely known because of the magnetic field of
22,000 gauss.

EQUIPMENT AND TECHNIQUES

Machine Analysis

William B._ Fowlerk‘, Wilson M, Pow’ell,-v George ‘Saphir_, and Howard White

_ In order to handle the analysis of the rather large number of events
that the high pressure hydrogen diffusion chamber accumulates, the IBM 650
computer at Livermore is being programed to compute energy and momentum
balance and from these computations to decide whether the event is elastic
or inelastic. If the event is inelastic the computer then decides whether a
single neutral particle or two or more neutral particles have been emitted.
Once a type of collision (elastic or single neutral case) is-decided upon, the
machine then seeks the solution for ithe category that requires the smallest
weighted adjustment of the measured parameters. This should give a best-
fit solution and therefore correspond closely to the actual collision. It is
estimated that from 1 to 10 minutes of machine time will be required per
event. The wide variation is due to varymg numbers of prongs involved
and the degree of uncertainty of the event, i.e., if the event is poorly measured
the machine will fit more than one type of solutlon :

New Cloud Chamber Magnet
‘Cloud Chamber Group

During this quarter the new ¢loud chamber magnet was completed and
the expansion cloud chamber was operated in it for a test run. The major
improvements over the old magnet are (a) better temperature control
system for the cloud chamber, (b) over-all improvement in electrical de-
sign. : -

Powell
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Hydrocarbon Bubble Chamber
Larry Oswald and Wilson Powell

The body of the chamber was completed.and the windows were received.
A pressure test to 600 psi was performed and the pressure was held with no
leaks. A system for expanding the chamber was designed and it is expected
that during the next quarter the chamber will be expanded. The illumination
and temperature regulation systems are being constructed. =

Powell
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PHYSICS® RESEARCH
Chaim R1chman in Change

RobertW Birge, RoyP Haddock, Leroy T. Kerth, James R. Peterson,
Jack Sandwe1ss, Donald R. Stork, and Mar1an Wh1tehead &

MASSES or THE K* MESONs, . =

A summary of the work on pos1t1ve K mesons for thls quarter appears .,
as UCRL 3031, which will be published in Il Nuovo Cimento in the summary
of the Pisa Conference on Fundamental Particles, and in 'UCRL-3083, which
will appear as a letter to the editor of the Physical Review.

. Physical Review.

Br1eﬂy, two emulsion stacks, exposed using the strong focusing spec-
trometer have been scanned and the masses of the K mesons determined by
the range -momentum method. The values obtained in the two stack are list-
ed separately for T mesons and K, mesons. The uncertainties listed are
standard dev1at1ons only. Systemadtic errors may change the absolute values.

Stack 16 (114 Mev) . Stack 17 (170 Mev)
KL 97; + 1.3 M | o 962.9 + 1',9 M,
T 978+ 4 M, 965.4 + 3.8 M_

In addition, work is in progi'ese on the analysis of suitably oriented
K. secondaries in an attempt to identify individual mesons as-belonging to
the category of K 2> K ,, eté. Identification is established by grain count-

. ing the secondar1es in'd region at least 3.5 cm from the K endmg At least

5% statistics are obtained from each track. When a secondary is identified,
the mass of the pr1mary KL meSOn is then compared to the average value
for T's. To date 16 K 9K .'s, 4 K 3 's and one K e3 have been identi-
fied. The mass diffexpences obtalied are ,

M'"r - MK =-2.2 £ 9.9 Me,
2

M'r - MK- =%6.5 £ 12.7 Me,;
w2 v

Mq-, - MK. =.-0.2 = 19.8 Me’

M:,r - MK =+ 3 % 26 Me..

e3
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+ ANALYSIS

According to the theory of Dalitz, the spin and parity of the 7 meson
may be determined by measuring the distribution of the decay configurations.
To date approximately 60 7's have been analyzed and 30 more are in process.
Preliminary results agree with a similar number of measurements céllected
by Dalitz, which indicate that the spin and parity of the 7 is inconsistent with
its being an alternate mode of decay of the K1r2‘

LARGE EMULSION STACK

A large emulsion stack of 95 peliicles 9 by 17.5 inches has been expog,ed
to positive K particles behind the strong-focusing spectrometer.

At present over 600 K mesons have been found, including 34 7's and
's. Six long-range secondaries have been followed to their ends, of
Whlgﬁ four came from K _'s and two from K 's, About 10 more tracks

were identified before th%y left the stack. Both the K 2 and K have a two-
body decay scheme giving the secondary particle a unique energy Hence a
measure of the secondary range allows one to calculate the pr1mary meson
mass. In addition the primary mass of the identified partmles is being
measured by the range -momentum method, as for the K* mesons.

NEGATIVE PROTON EXPERIMENT

Calculations have been made for the relative cross section as a func-
tion of laboratory angle and energy for the production of negative protons in
a complex-nucleus target at the Bevatron. An analysis is in process of the
magneto-optics necessary to separate out these protons from other negative
particles of different mass. A number of combinations of lens systems and
target positions have been considered in order to optimize the flux-and back-
ground conditions for nuclear emulsion stacks.

DIRECT PRODUCTION OF ELECTRON PAIRS BY
HIGH-ENERGY ELECTRONS '

Stanley L. Leonard

An investigation of the direct production of electron pairs in nuclear

- emulsions by 400-Mev electrons from the Stanford linear accelerator is

being carried out. Direct-production events (''tridents'’) are found in the
emulsion by a track-following technique and are readily identified. To date

16 such events have been found, and it can be tentatively concluded that the
mean free path for trident productiYn in emulsipns agrees roughly with the
production of the theories of Racah™ and Bhaba“ (as adjusted for lower energies

by Block et al.). 3
5 G. Racah, Nuovo Cimento 14, 93 (1937)
5 H.J. Bhaba, Proc. Roy. Soc. (London) A152, 559 (1935)

M. M. Block, D.T. King, and W. W. Wade, Phys. Rev. 96, 1627 (1954)

Ri¢hman
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REPORTS ISSUED
Stanley L. Whetstone, "The Scattering of 22 -Mev Positive Pions on-

Protons' (Thesis), University of California Radlatlon Laboratory Report No.
UCRL 3087, July 1955.

Richman
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RESEARCH WITH THE SPIRAL -ORBIT SPECTROMETER

Ryokich Sagane in Charge -
Walter F. Dudziak and James Vedder

Two assumptions were made in our reduction of the published data on
the positron spectrum produced by the decay of the p-meson (i. e. using
Michel's notation, our reported value p = 0.23). These assumptions were:

"A. That the detection efficiency of our counting system for electrons
does not change for an electron energy interval between 30 and 60 Mev. (In
practice this is roughly known to be true).

B. That the solid angle covered by the spiral-orbit spectrometer does
not change with different magnetic field settings. (This assumption is usually
made for most spectrometer measurementvs.)

In May we tried to experimentally verify assumption A by using a
synchrotron beam. The method adopted was: first, by using a uniform mag-
netic field, to select a certain energy interval of positrons produced at a con-
verter; then, by varying the magnetic field, to compare the positron intensity
measured with our four plastic crystals in quadruple coincidence with the in-
tensity measured by a set of Geiger counters in triple coincidence. The test
was not as successful as we wished because of the high-frequency pickup of
our high-gain system that is necessary for counting relativistic electrons.with
thin crystals. However, we could say with + 4% accuracy, that the detection
efficiency of our counting system was independent of the positron energy in a
positron energy interval from 30 to 60 Mev. The high-frequency pickup is
caused by the radiation emitted by the synchrotron rf system and is mainly
introduced by the long cabling necessary to bring the signals into the counting
area. Our plan is to repeat this experiment with the hope of improving this
accuracy by (a) shortening the cabling necessary to bring the information
into the counting area, and (b) introducing a high-Q wave trap that will filter
out the 47-megacycle frequency of the synchrotron rf system.

The reduction of our published data as well as of new data obtained with
our old spiral orbit geometry was checked by the theoretical group and was
found to be in good agreement within our accuracy. Certain points of the ex-
periment were not clear to all concerned, as, for example, errors introduced
due to contributions from the pole-face effect, electron scattering from the
pole faces, Z-focusing effect, and contribution from the Pb shields pro-
tecting the crystals. T o clarify these points as well as to check for any
systematic errors that might be introduced by the spectrometer geometry and
electronics, we drastically changed:

(a) The electronics. Among other elements this included using a pulse
technique on one phototube dynode of each phototube. - By destroying the focus-
ing properties of the phototube with a negative pulse of 200 volts during each
proton burst we could reduce the Pb shielding at cur crystals without causing
serious overlcading of the electronics during each proton burst. Under cer-
tain conditions we could work with no shielding present.

Sagane
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(b) The light pipe geometry. We thus created a much larger reg'ion of
overlap during which no rnagnetm effect could be detected that would influence
the counting efficiency by varying the magnetic field. ’

{c) The magnetic field distribution of the spiral -orbit spectrometer.

Qur first experiment with these ~chahges was in July. It was not quite
decisive because of the fluctuations that we experienced in our counting rates.
However, we could show with sufficient accuracy that therewas no.large sys-
tematic error introduced by the Z-focusing or the other effects mentioned
above. We did, however, find that we were measuring a different spectrum
by using a 'different magnetic geometry. By eliminating one set of pole tips
at a time and measuring the spectrum wé reached the following conclusion.
We could reproduce the same results as we always measured (i.e., our
published results) with different magnetic geometries as long as a pa1r of
large pole tips was a part of any particular magnetic geometry. (These large
pole tips were incorporated into the design of the spiral-orbit spectrometer
so as to serve as walls of a large vacuum chamber). If the speetrum was
measured without the presence of these pole tips, a different result was ob-
tained. :

We established that the effect of scattered electrons from the pole tips
did not affect our results significantly. This was accomplished by using a
set of nonrnagnetlc dummy pole tips within the wide gap of our second magnetic
geometry

Durlng our second experiment in early August we obtalned very reliable
results. Our electronic stability was such that we could reproduce the same
results within counting statistics, not only during each day but also from day
to day. The only difference between the July and August experiments was the
use of a refrigerator: unit that kept the fast electronic elements at a nearly
constant temperature

Durmg the second experiment lithium targets one 2 3 in. (0.d.) by 3
in. and the other 1l in. (o.d.) by 6 in., were used to measure the spectrum in
general. We also used a Li target.5/8 in.od and. 1/4'in id.by6.in for measuring
the maximum energy of the spectrum. These data are now being analyzed in
detail. The results obtained after a rough reduction indicate the "p value'
of Michel as 0.6, , whlch is in rough agreement with the values reported by
other experimenters. :

This means that assumption B was proved invalid for our old spiral-
orbit geometry. This can only be explained by the unfamiliar sensitivity to
saturation of the couriting rate as measured by the spiral-orbit spectrometer
when a slit system is used close to the detector. It has been well known that
the counting rate is very unsensitive to the detector position and therefore to
the order of saturatmn of the spiral- orb1t spectrometer if the slit system
does not exist.

Sagane
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PHYSICS RESEARCH
Em1l1o Segre in Charge
POLARIZATION EXPERIMENTS ON p P SCATTERING , »

James E. Simmons, James Foote, Richard C. Wemgart,
John A. Baldwin and Rudolf Larsen

An experiment has been prepared in which one tries to observe the
change of the longitudinal (parallel to the beam) spin component on scattering.
This is done by changing the relative orientation of the spin and momentum
of the protons in a known fashion by the use of a magnetic field. The result
of this experiment will be a new independent parameter (A in Wolfenstein's
rotation) useful for the determinination of the p-p scattering matrix, and
probably useful also for making a choice among the sets of phase shifts in
p-p scattering that are now being calculated on the Maniac.

The apparatus has been designed and in an advanced state of construction.

‘CALCULATIONS ON p-p SCATTERING PHASE SHIFTS
Henry P. Stapp, Tom Ypsilantis v

The calculations have been actively pursued with the Maniac machine
at Los Alamos. There are at present three or four possible solutions, and
we are trying.to further reduce them by the A experiment (see above) by
correlation with p + p = 7 + d experiments and by study of the lower-énergy
data. A complete report will be given later.

PROTON-NEUTRON TRIPLE SCATTERING
John A. Baldwin and David L. Fischer

Triple -scattering experiments have been performed with a liquid deu-
terium target considered to contain free neutrons and protons. Wolfenstein's
R and D parameters were measured at various angles. The results are
belng prepared for publication.

SEARCH FOR NEGATIVE PROTONS
Owen Chamberlain, Gerson Goldhaber, Ernilio.Segre, and Clyde Wieganda<

We have two plans for searching for negative protons. The first is
based on the use of photographic emulsions, as follows.

.The proton beam at about 6.2 Bev strikes a copper target. The hypo-
thetical p~ in the backward direction in the c. m. system comes out in the lab
system in the forward direction with an energy of about 500 Mev.

1

L. Wolfenstein, Phys. Rev. & 1654, (1954)

This work was done in conjunction with W. W. Chupp.

Segfe
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The negative particles are deviated by the Bevatron field and come out
of the tank in a region inside the shield where they are further analyzed for
momentum by a steering magnet (14,000 gauss over 60-inch length). Immedi-
ately after having passed through the steering magnet they are focused by a
set of 3 magnetlc quardupole lenses.

This whole system has’ been calculated on paper and carefully lined up
with the help of a current-carrying wire under tension.

The momentum of the part1c1es coming out was 1090 Mev/c, to 1% or
2% aécuracy. About 200 mesons per pulse per square mch were. found in,
the 1mage of the target source. -

The p~ of a given momentum have also a definite range and we have
put a copper absorber and a stack of emulsions at the image in such a way
that the p~ should stop in a known region of the stack. The total volume of
the stack is 7 by 8 by 1.5 inches, and half of it is being scanned here, and
half in Rome (Italy) under the superv181on of Professor E. Ama1d1

A variation of this experlment has also been done: at the 1mage focus
of the quardupole we have located a second analyzing magnet (H=18,000 gauss)
preceded by an absorber. - The particles coming to the focus of the lens all
have the same momentum, but on passing the absorber the p~ and m undergo
different momentum:loss and they enter the second analyzing magnet with
different momenta. Hence at least partial separation between w and p is-
p0551b1e Also, in this: exper1ment the particles are stopped in emulsmns

In the scanmng we w111 be 1ook1ng for stars which can be ascribed to
antiprotons, i.e., in which there is a low-energy entering charged particle
liberating visible energles of O 5to 2 Bev. S

The second .exper1rnent wholly electronic 'is just-like the first one up
to the stack of plates. The stack is replaced by two ordinary counters (in
c01nc1dence) and a Cerenkov counter sensitive to particles with. B = 1-in anti-
coincidence; this system is followed by suitable quadrupole lenses. and at 40
feet from these counters the system is terminatéd by an ordinary scintillation
counter and a Cerenkov counter sensitive to B =0.75 + 0,03; This whole
'complex system should give the momentum and the veloc1ty of the particles
crossing the apparatus. Indeed, the velocity is measured by the last Cerenkov
counter and by a time - of -flight method.

- This second experiment is ready but has not yet been performed.
INTERACTIONS OF. NEGATIVE K PARTIC’LES f.N FLIGHT1

Gerson Goldhaber, Ehsan Helmy, Edwm L. I off Joseph E Lannutt1, _
and Francis H. Webb :

To ‘date more than 7 meters of track 1ength has been’'scanned along
negative K part1c1es The deta11ed ana1y51s of the interactions is still in

> UCRL-':3,'039- to be:published.in the Proceédings of the Pisa Conference (1955),

This work was done in conjunction with Sulamith Goldhaber.

Segre
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progress.

In contrast to the positive K particles, the negative K particles
occasionally give rise to stars in which part of the rest energy of the negative
K meson appears. In some of the interactions charged hyperons and ™ mesons
are emitted. The cross section for interaction is about the geometric cross
section which is to be compared with 1/3 the geometric cross section for
positive K mesons. The features mentioned above are all in agreement with
conservation of ""strangeness" '

4ot

INTERACTIONS OF POSITIVE K PARTICLES IN FLIGHT1

Gerson Goldhaber, Ehson H’elmy; Edwin L. Iloff, and Joseph E. Lannuttiz
To date more than 40 meters of track length has been scanned in nuclear
emulsions on positive K particles. The detailed analysis of the interactions
in flight is in progress. In the first 27 meters the events found were: '

Elastic scatterings

(Coulomb scattering subtracted) 9
Inelastic scatterings 16
Charge exchange . 2

The striking features of these results are (a) they are in accord with
the conservation of "strangeness', (b) the cross section is about 1/3 of the
geometric cross section. : '

@ THE MEAN LIFE OF POSITIVE K MESONS>

Gerson Goldhaber, Joseph E. Lannutti and Edwin L. Ilc;o‘f_f4

The mean life of positiv‘é K mesons was obtained by scanning along
the track of K mesons in nuclear emulsion exposed to the focused K' beam,
and observing decays in flight.

On the- ba31s of .19 de&ays in f11ght a mean life of 1.01 fggi x 10—8 sec

was obtained.

Y W.W. Chupp, G. Goldhaber, S. Goldhaber, E.I. Iloff, J.E. Lannutti, A.

Pevsner, and D. Ritson, UCRL-3021 Tobe published in the Proceedings of
the Pisa Conference (1955).

This work has been done in conjunction with W. W. Chupp and S. Goldhaber
and also with A. Pevsner and D. Ritson of M. 1. T.

E.L. Iloff, W. W. Chupp, G. Goldhaber, S. Goldhaber, J. E. Lannutti, A.
Pevsner, and D. Ritson, UCRL-3064. To be published in Phys. Rev. $ept. 1,
1955.

This work has been done in conjunction with W. W. Chupp and S Goldhaber
and also with A. Pevsner and D. Ritson of M.1. T.

Segr\e
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184-INCH CYCLOTRON -
 Robert L. Thornton in Charge

MODIFICATION .~
‘Richard Burleigh: " °.

Tests are completed on soft- soldered and clamped Jo1nts for connectmg
the auxiliary coils to the termmal boxes” The shop is proceedmg on the final
joints. : -

- The connections for grounding the aux111ary coil clamp bands are being
installed.

Magnet sh1m handhng devices are belng de51gned

It has now been dec1ded that pole face Wlndlngs should be 1nsta11ed at
the time of the modification. Conductor has been ordered for these and detail
design is proceeding. e

Radiofréquency System

The two-pair vibrating blade systéem and new stators have been installed.
In order to obtain full amplitude it was necessary to run the blades in helium.
Prehmmary radmfrequency tests 1nd1cate no major difficulties with this
system

The machining of the four new blades at Mare Island is almost complete
Nitriding and copper plating still remain to be done.

Miscellaneous

The dra'\Qv'iags‘for the graphite beam scraper, the "mes'onv taréet' the
meson cave slot shielding, and field measurlng equlpment are almost complete
and will be 1ssued shortly ' _ : _ o o :

The iron shielding blocks for the meson cave are complete.

The shutdown date is now firmly set for Septeniber 12, 1955.

60-INCH'CYCLOTRON -
Joseph G. Hamilton in Charge °

MODIFICATION
G Bernard ROSSl

f‘requenc y Shifting

‘The 60-inch "citeletr'on.wa's shut down for a .tWoeW'eek~period‘.stafting .
June 1, '1955. The purpose of this shutdown was to modify the existing rf
system to-permit a quick and easy variation of the operating frequency. The
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need for such frequency variation is apparent from Fig. 1, showing the
resonance limitations for heavy-ion acceleration. The curve at 12.00 mega-
cycles represents those ions that can be accelerated within the magnetic field
range of 15,800 to 19,700 gauss. To accelerate ions whose e/rn is less than
0.42 it becomes necessary to shift the frequency tc some lgweg value. The
frequency of 10.70 megacycles was chosen to encompass ol , whose e¢/m =
0.375.

A simple device to accomplish this shift was developed in this laboratory .
and pretested on a one-quarter -scale model of the rf system. In principle,
a portion of the existing dee stem was paralleled with a grounded stub line,
permitting variations in electrical length of the resonant dee — dee-stem system.
This extension of the dee stem is projected through the dee-stem tank by means
of a vacuumtight alumina insulator capable of withstanding high rf voltages.
Figure 2 is a layout of the stub sections, indicating the position of the external
and internal shorting spiders. Operation of the full-scale machine has shown
a close correlation to model measurements.

In operation, the low frequency is set by adjustment of the internal
spider with the external spiders removed from the stubs. Variations of this
setting can be made external to the vacuum by shortening the stub to raise
the frequency or adding capacity to lower it. The addition of the external
spiders to the stub permits higher frequency of operation over a range deter-
mined by the stub length and spider position.

With the present 30-inch stubs a low-frequency range of 10.7 to 10.82
megacycles is possible; the high-frequency range extends from 11.9 to 12.4
megacycles. The low-frequency range (used with the acceleration of heavy
ions--carbon to neon) corresponds to an energy variation of 9.5 to 9.75 Mev
per nucleon; the high-frequency range (used with ions for hydrogen to fluorine)
extends from 11.7 to 12.9 Mev per nucleon. Larger variations can be achieved
by changes in the length of the stub-line.

The oscillator characteristics have proven fairly stable during shifts
from 12.0 to 10.8 megacycles. Operation at either frequency requires only
minor adjustment of the oscillator parameters, namely, a shift of the tube
to dee -stem impedance match and a change in drive from dee stem to the
grid of the tube.

A convenient scheme was developed to accomplish the external shorting
of the stubs. A set of annular wedges and mating annular inclines contacts
the inner and expands to the outer conductor with motion of four driving
"screws. This mechanism permits removal of the short or its motion along
the stubs. *Work with this unit indicates that a resetting of the energy to about
1% accuracy is feasible.

The rf model testing. was done in this laboratory by Kenneth D. Jenkins
and Robert Druet. The design of the full-scale stub and shorting system was
accomplished under the direction of Charles Corum of our staff with the assis-
tance of William Baker and Jack Riedel of the Radiation Laboratory Electronics
Group.

Haltnilton
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In an effort to more fully understand the operation of the machine, some
initial steps have been taken to determine AR orbital positions. In past re-
ports (UCRL-2805) references have been made to the ""burned foil" technique
developed to determine the beam envelope. The present work is an effort to
- locate individual orbits within this envelope. To accomplish this, a 1/32-inch
collimating slit was provided in a water -cooled internal probe target. Its
position was chosen to permit only a small portion of the probe beam to con-
tinue beyond the radius for which the probe was set. A thin wire was stretched
from the collimator, along the median geometric plane, to intercept a portion
of the beam as it increased in radius. Figure 3 illustrates the method of
irradiating the wire. The darkened spots along the wire indicate points of
activation resulting from bombarding the wire. A radicautograph taken after
such a bombardment is shown in Fig. 4. Forty-eight-Mev alpha particles
were used with the internal collimator set at the 15-inch radius. Twelve dis-
tinct orbits can be discerned between the 15-inch and 19-inch radii. Rough
measurements indicate AR._ = 7.5 millimeters; AR,, = 6 millimeters.
Efforts are being made to incérease the resolution at larger radii so that a more
complete history of the particle trajectories from ion source to extraction can
be determined. : '

OPERATION

Summary of op’érations as prepared by W.B. Jones for this quarter:

Alpha bombardments o 429.6 hr
Deuteron bombardments’ . : 53.2 hr
Proton bombardments ' 200.2 hr
Carbon bombardments ' 30.6 hr
Oxygen bombardments 97.1 hr
Experimental bombardments : - 54.4 hr

Operations total 865.1 hr
Frequency-shifting system ©162.0 hr
_ . Available time - - . 1027.1 hr
Outage time : . 108.9 hr
Shutdown 1040.0 hr
Holidays 32.0 hr

Total time 2208.0 hr

Operating efficiency: 84.2%

Thornton
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ZN-1365

Fig. 4. Radioautograph of AR.
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LINEAR ACCELERATOR"-
- OPERATION

James D. Gow in Chérge

The 32 -Mev linear accelerator operated for a total of 909 hours in the
period May-June -July. The average image was 91%. No major modifications
were made. No nonscheduled Van de Graaff shutdowns were experienced in
this period. The installation of a new oscillator cabinet to permit operation of
two extra 3 W 10, 000 oscillators was planned. A scheduled shutdown for this
installation will be made in August. ~The principal research consisted of scat-
tering and energy-level experiments. Some runs were made using the B-ray
spectrometer.

_ SYNCHROTRON
Edwin M:McMillan in Charge
| RESEARCH PROGRAM
Robert W. Kenney

The synchrotron beam intensity has improved steadily since the January
shutdown and is now running at a satisfactory level.

Larry Higgins and Kenneth Bandtel have made preliminary runs on the.
scattering of photons by hydrogen below the meson threshold. Fast-neutron
background has been difficult to shield against, and it appears that additional
modifications of the counter telescope are required. Cerenkov counters will
probably be used to detect fast electrons in the presence of the fast-neutron
background. Some data on hydrogen have been taken but no results are avail-
able at present.

Dwight Dixon, Robert Cence, and Kenneth Bandtel have examined the
possibility of observing the reaction y +D —p +n at 0° proton angle, and
it appears to be a difficult though feasible experiment. Poor synchrotron
operation prevented the efficient gathering of additional data at wide angles.

William Imhof, Edward Knapp, and Victor Perez-Mendez have improveg
their statistics on the positive photopion production as a function of Z at 135
in the lab. Their data at 36 Mev and 4 /Mev pion energy indicate a cross-
section dependence between Z and Z/A 3 from which they derive a pion mean
free path, in nuclear mﬁ}ter, of approximately 3 r . Isotope effects in photo-
pion production from B"~ and B 1 have been investigated and appear to be too
small to be detected easily, o '

John D. Anderson and Robert Kenney obtdined preliminary data on the
total cross section for neutral photopion production as a function of A at
full energy. The cross section varies as AZ,‘/-?’,, as expected.I At photon energies
near threshold, the dependence of the cross section is more nearly proportional
to A. The work is continuing toward determining the ©° mean free path in
nuclear matter as a function of pion energy.
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Dr. Ryokinchi Sagane, Walter Dudziak, and:James Vedder calibrated
the scintillation counters, “useéd iii the w-électron decay-spectrum work, by
u.ti.lizing a high-energy electron bea‘m'from the pair spectrometer magnet.

Robert Squire cahbrated the efficiency of a photon counter, using ¥
electrons from the pa1r spectrometer magnet

B L
g,‘» :

Herbert Steiner exposed some nuclear emu1s1ons for an exper1ment on
: photof1351on No data ‘are yet available.

»H

“John Teem of Cal Tech, who visited the 1aboratory durmg the week
of July 25, investigated the response of a liquid hydrogen bubble chamber
which was placed directly into the synchrotron beam. The bremsstrahlung
spectrum was altered by selective absorption of low-energy photons by a LiH
absorber 60 inches in length placed in a magnetic field. The electron back-
ground due to Compton recoils was appreciably reduced by this means and it
appears feasible to operate a liquid hydrogen bubble chamber in this manner
if the synchrotron beam intensity does not exceed approximately one-half its
present maximum value. This 1nformat10n will bear directly upon the proposed
Cal Tech bubble chamber program. This work was done in cooperation with
the Berkeley bubble chamber group.

 OPERATION .
Rudln M Johnson

Dur1ng ‘the perlod of May, June, and July, the synchrotron was used
entirely for physics research experlments "The beam intensity at full energy
was about one-fifth of our previous maximum.  Line voltage variations from’
the Bevatron operation still cause the’ synchrotron beam to be unstable. _The
‘synchrotron-is being operated on owl shifts whenever possible so as to take
advantage of the Bevatron off time. This is possible because we have full -
time, experienced graduate student operators during the summer.

“An improvemeént in beam intensity has been noticed when the synchrotron
is running with the auxiliary experimental magnets, ‘and this stray-f1e1d effect
is being investigated as a possiblé method of 1mprov1ng the synchrotron beam
1nten51ty

"Ceramic doughnut-sections to be used with the linear accelerator in-
jector have arrived and are being:machined and vacuum tested These ceramic
sectlons are of excellent quahty C ‘

Prehmmary 1nJect10n tests have been made 1nto the 120° magnet sect1on ‘
with the 2-Mev linear accelerator. Approximately 1 ‘thilliampere of beam was
me.asured at the orbit

»

- The mechamcal ‘and electrical des1gn for the synchrotron linac Model 11
are nearly complete and parts are arr1v1ng frorn the shops

The FCC has complamed about #f radiation" from the synchrotron resonator
oscillator. Qur tests 1nd1cate the quartz resonator is the source of radiation

McMillan



-48- UCRL-3115

and steps are being taken to eliminate this radiation.
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