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N I GENERAL PHYSICS RESLARCH |

lo Cloud Ghamber Program

W1lson Mo Powell

Scattering and Absorptions of n+ Mesons by'Aluminum; J. F. Traé&'

Work is 1n progress on the experlmental determlnatlon of the scatter;
ing and absorptlon of pos1t1ve'w;mesons by alumlnumo These mesons are
1n the 5O Mev rangee Separate cross sections for the elastic’ and thev.
1nelastlc 1nteractlons and the angular dlstrlbutlon for elastlc scatter-
1ng are belng obtalned; Prellmlnary results 1ndlcate the cross sectlon N
for elastlc and 1nelastlc events taken together is of the order of the -
"nnclear areaa” . N |

| The mesons were produoed in a two—lnch thick polyethelene target

placed 1n the 340 Mev deflected proton bean of the lSA-lnch cyclotron.
A steerlng magnet separated the forward~mov1ng mesons from the protons
by turnlng them through 90 degrees and 1nto a colllmatlng hole in the
:flve foot concrete shleldlngc Out31de the shleldlng the resultant meson
beam traversed a 22—1nch dlameter cloud chamber p031tloned horlzontally
in a vertlcal marnetlc fleld of 5200 gauss°

, Ins1de the chamber were, flve vertlcal alumlnum plates one-elghth
1nch thlck and spaced at tw0 1nch 1nter\rals° The mesons passed through
the plates at a horlzontal angle of from 20 to 45 degrees to the normal.
In thls way only some of the 90 dearee scatterlng events were obscured.
The chamber was fllled w1th one atmosphere of argon and a mlxture of al-

cohol and water vVapors.
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‘Approximately 600 usable pairs of stereoscopic photographs were taken.
These are now being examined in a projector which permits the full scale
three-dimensional reconstructlon of events. One-third of these photographs
have already been examlned in sone detall. It apoears that a total‘of
| 150 to 200 events will be obtalned and that there will be roughly compa~
rable numbers of elastic and 1nelastic events, This is exclusive of small
angle multlple coulomb scatterlng.o o |

Many elastlc back scatters and large-angle elastic forward scatters
have already been observed. Meson-lnduced nuclear d181ntegrationslw1th
as many as four v131ble fragments have also been observed. USually only
one or two fragments are seen. At least some of these are energetic pro-
tons.‘ In addltlon some mesons enter an aluminum plate and dlsappear.

These uay represent actual cases of meson absorption wherein no charged
particles are emitted or merely cases where the charged particles or scat-‘
tered mesonlarevhldden from view by the geometrlcal arrangement.

A.pos51ble source of error in the determlnatlon of absolute cross
sectlons is the,«—meson contamlnation° The1r-mesons travel fourteen feet
and about one-thlrd decay before entering the chamber, Most of the re-
sultant,q's move at such angles 1o the main f-beam that they are excluded
from the-chamber by the colllmatlon or are rejected when seen in51de the
chamber because of 1mproper angle,. An experimental check on this contami-
natlon wes made poss1ble by the placlng of nuclear plates in the meson beam,
These plates have not yet been examined 1n detail. The number Ofﬂ -42
ﬁdecays seen 1n51de the chamber are belng counted and should also be in- |
dlcative of the anount of this contamlnatlon. The percentage contamlnatlon

\

is expected to be quite small.v
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2o Film Program

Walter H, Barkas

Meson Masses ahd Enéfgv Baiance in Meson Decay. F. M. Sﬁith, Wo Birnbaﬁm,n
W, H. Barkas |

g:"The*analysis of . .the 1ates%ﬁéxperimental,data.on”ﬁt—proton and 7" -
j{*mass ratios is now being completed, Because of the small probable
errors deganded of.the'n*,proton mass ratio,vthis phase of the program,
it ié‘felt,vshould'be repeated.  Particular attentioﬁ will be given to
the.ppssibility of systematic’errors; ' In addition, the study of range
sfraggling.andVdecay‘momentum.of the‘/(*meson!iS'being continued. . The
résﬁlts aré éf:interest since'an_upper limit of the mass of the.ﬁeutrino
éséoéiated with meson decay é;;‘Be'obfainedov No. further "anomalous"Mn'-

‘,q*'decay‘eventS'have been observed.

Elecﬁﬁon—ElecﬁﬁcnvandAPbsitron;Electron Scatteringo Co Eo Violét; F. C,
"Giléerp,;wd H5~Barkas‘ |
: The 91ectr6n—ele¢troﬂ‘scaﬁtéfing:study at 200 Mev by use of electron
sensitiﬁe émﬁlSions‘hasibeeh cOmpleted; A countef experiment is being
.designed to méasﬁre the scatteringucroés‘sectioh for large ehergy'exchange
collisions‘inférder to stpplement the:emulsion daﬁa in this region. It
'-is_in‘this regioh that theory predicté the detection of exchange and spin
effgcts;‘ The data géthergd from thé'emulsion phase of this experiment
afe.ih ekcéllent'agreement with‘thé M#iler differential cross section.
'Tﬁe:pOSitron;eleéiron scgﬁ?gringzétudy with 200 Mev positron primaries
is drawing to ¢ompletion,-reqﬁiring, however,xsomé further operation of

the synchrotron., The primary positron tracks are scanned in the same
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manner as in the electron-electron scattering study with the aim of attain-
ing the same statistical accuracy. -Preliminary results indicate a dif-
ferential cross section similar to the electron-electron scattering cross

section..

Nuclear Scattering of Electrons and Grain Density Measurements in Electron

Sensitive Emulsions. C. E. Violet, P. C. Giles, W. H. Barkas

Nuclear scatters of greatefvthan,2°vusing.electr0n and positron pri-
maries in photographic emulsions are currently being measured at the pri-
mary particle energies of 20, 40, 70, 100, 200, and 300 Meve

Grain density measurements,of.electron tracks in eﬁulsion for electron
energies ranging from.~ 100 Kev to 300 Mev are being planned.. The source-
of low energy .electrons will be the electron linear accelerator. A st;—v\'».
tistical accuracy of ~ 2 percent is required in order to detect the re-
portéd 8~10 percent risé in grain density above minimum ionization for
highlywrelaﬁiVistic particles. . Also if phg'dE/dx curve is assumed knoWn -
below minimum ionization, then a functional relationship between grain

density and dE/dx is obtained.

Meson Scattering. H. H. Heckman, Ls E.-Bailey

Further effort is being placed into the task of scanning the emulsion
~pellicles which-were embedded in absorber-scatterers of Al, Gu, and Fb.
The scanning is difficult and the accumulation of data is slow. However,
‘.ﬁhe measurements ‘of the cross section for largelgngle (greater thap_?O?)
scattering of v~ mesons in these elements are'approaching'the concluding
stages.. The scattering cross section is merely-proportional to the ratio
of the backward flux.to the forward;flux, both of whicﬁ are measured di-

rectly on the same emulsion pellicle.
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FocuseafMesd%“Beam;prszedder;'RofSagane“.
The%possibilityﬁpf,obtainiﬁgga;fpcused_beam_of mesons from"the large

spiralforbitrSpeeﬁrometer'has;been"investigaﬁed<wiU1@-rays_using a model

magnet egquipped with special pole faces,: Evidéncevof suitable V¢f$icq;:__,

and horizontal focusing for several geometries was found.

’

Analysisﬁbﬁzspéllation'ProceSS5_ W, H, Barkas, H. Tyren, R. Deutsch; J. Ko

Bowker

»--Ameans. has been developed to analyze the produéts of violent dig;
‘integraﬁiOnsnbf nuclel in thg‘cyclotrono»vA,program to study:the;effect,
of varying?fhefconditions of the bombardment has been started. Since there
are 51x 1mportant varlables in this experiment, a considerable- program
is envisa'ge_do The following abstract was presented for the Washington
meeping.of the American Phyaiqal Society:

é Themspallation fragments. of Hp 2= 445H3_105 gauss-cm leaving a one.
mil pqustyrepg target in théifqrwgrd'direction are brought to a 1800_7
;“focdéfin tﬁe~m$gnetic“fieldloffthe 18A—iﬁqh.cyclotrono ‘The spalls enter
ﬁhegéurﬁééeFof«Ilford D1~nuclear'track emulsibn making a sﬁall~a§gle with .
‘the surface, The position, track-angle, range, and estimated charge gré ,
recorded: for .each tracks The calculated radius of curvature plotited a-
gainéifthefrange:providés a nuclide specﬁrum'of theﬂtracks, sin¢e each
nucllde falls on a definite 1ocus in ‘such a dlagramo Resolution of Hl,

3 .3 4

H s H 5 He and He Splinters is unambiguouso A group probably comprising

118 and Be?:“and,_-,sa_pgiah@r: group-probably -of H%é

and 117 are also found,
but for lack of gpodxrangé—enqggy}carves for highly charged particles
the resolution is at present uncertain. No L18,‘B89 B3 or He{3 tracks

were-found. ' The:abundances of the fnagménps_are asvfollows:_.Hl, 25,0
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percent; H2!w7°4 perceqt; HB,'4,6 percent; HeB, 7,0 percent; HéA, 41.5
percent;-(Lié, Be’ group), 3.3 percent; (He ,‘Li‘7 group) 4.9 percent;
other groups plus background,- 6.2 percent. - Further measurements in other

momentun- intervals and~withlother targets are in progress. This work

was supported by the A,E.C.

Study of Negative Muoanroduction-and Behavior. ©D. Sherman, H. Heckman,
W, Barkas

This program is essentially gompleted énd'a report is being wriﬁten.
It is found that few, if any, muoﬁs:are directly_produqed in the target,.
and that on capture most of -the mesons do ndf-produce charged particle
stars. A few single prong stars are definitely produced, and probaﬁly

some two and three prong stars, also.

Test of Charge Symmetry vadthégis in Meéon Production.  H. Wilsoﬁ, W. H.
Barkas - |
The ratio of positiVe,tovﬁegétife ﬁeéon production when alpha particles .
bombard carbon ié being measur@@;g‘if“compléte symmetry exists, then every
process leading to production ofjé negative meson has an image process lead-
ing to the produétion of a poéitivé’meson. Thus, correcting for a small
coulomb effect, a +/- ratio of unity would provide evidence favoring the

charge symmetry hypothesis,.

3.._Total Proton-Proton Scattering Cross Section (345 Mev)

0, Chamberlain, E, Segre, and C. Wiegand

It ‘is planned té'measure~the total p-p scattering cross section by

attenuation in a liquid hydrogen target. Because of couiomb scattering
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itris?necessanyiﬁb‘giVe?some‘atténtionsto,mheggounﬁer:geometry,Amaking;
a propért@hoice»of=the,cut-gffrangle;ofgthe'counterzf‘Scéttepingsva%morez
than.this%eutaoffyangleiWOuld;befrequired;in,qrdgr.that;the proton. in ..
question miss. the counter and be-counted.asfa_scattered;protony;{?he,gup—:,;
off angle chosen is about 8 degrees (lab. system). Since our previous
measurements of . the differential scattering»qross.section»extend down
tc 6 degrees, this choice should’allow;a reliable normalization of pre-
vious results by an iﬁdependent method.

}EhiS”éxperiment is made possible by the development by Fr..Donald
,Stofkﬁoﬂﬁawreliable'liquid scintillation‘countef of 8 inches diameter, - .. -
Tests of the Stork counter haﬁe been satisfactory, and the.liquid: hydrogen

target-has been designed and submitted tozthé shop for comstruction. -

'”fv’é@fWﬁroton;DeuteronUElastic‘Scattering_ﬁsigg#345.Mev Protops

,,.Oé:Chqmberléin-and.D,'D,IClark;

As reported previously, a serious attempt is being made to make a
clean separationrof:the»elastiéﬁpedfscatteringvfrom the much more numerous
inelastic:scattering processészin which .the deuteron is broken up. The .
most ‘promising-method is that involving essentially the simu'taneous meas- .
~urement ‘of -specific ionization and total energy of the scatvered particless
K thin-stilbene crystal is proposed for measurement of the spegificriona
ization, followed by a thick sodium-ioﬁide'crystal which should measure,
in effect, the total eneréyg..ln eéch case the pulse height at the -out-
put of a photomultiplier would be used as a measure of the energy lost

by the particle in péssing through a crystal.
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- At the present time the counters have been constructed and they are
ugder tgst,r It isinot yet 9lgar'wheth§? or not the optical arrangementé
of the crystals and photomultipliers give adequate 1ight_collection_and

adequate uniformity of light collection by the photomultiplier,

5.. Proton-Proton Scattering at Reduced Energies

John Garrison

It is desired to measure the proton-proton différeniiai scattering
cross sectidns>a£ small angles (down to about 20 degrees in the c,m. system)
in the energy range 160 to 250 Mev,

‘The liquid hydrogen targei which;was.conétructed_for this purpése,
as a modificaﬁion of the target originally built by Leslie Cook of this
laBorétory, is not complete., Avgfeaﬁ deal of difficulty was eiperienced
in fabrication of'a feliable 1iquid.hydrogen cpntaiﬁing vessel, Several
designs were tried before a vessel.was obtained that remained vacuum=tight
” éveﬁ after many evacuations. |

Thg‘target has been used igra‘preliminary run which involved only .
the full energy (345 Mev) protén beam of the cyéldtrog. The run was quite
satisfactory, giviﬁé hopeithat the experiment may be completed within a
few-months. Subject to some'presumably small corrections based on a future
recalibration of the‘iénizatién chamber used for monitoring the proton
beam, the results from the preliminary run agree fairly well with previous

work done at this laboratory on p-p scattering.
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6. Absolute Yi¢ld: ofm Mesons. in the: Proton Bombardment of Carbon . -

A I

The work of W. E. Crandall and others on the photon spectra received
at various angles from targets bombarded w1th 340 Mev protons allows one
to infer the angular distribution of both the photons and the?ro mesons,
Howevep,Jln that workmit was not poss;hle to use an absglute proton beqm;{-
moni{efgisinee:for reasons of infenéities,the,target was placed within
the ejélotronftank and multiple passage of . the beam rendered avconfident“
meaSéfement ofits cﬁffentfimpdsSible°~ The relative numbers of photons
recelved ‘at various angles were measured by the use of thln aluminum foils -
or thln polyetyrene f01ls fastened to the carbon target° The activities '~ :
4°§;5le?m_24’Q?AQf,§?§b°§ 11, :eepeet%vely, served to give relative nore
‘malization. .

The present report deals withrah‘absolute evaluaeion of the photon
yieldvreceived at QQQ_frpmwa carbon ta;gep_bomearded by the external pro-
ton beam, whose current cgﬁldvbe p;fecieely\meagurjed° Comparison with
the 90° spectrum received from internal targets fhen made it poseible to
place-the data. upon an sbsolute scale of_inﬁepsityf_nln Table I which
follows, there are listed the resﬁlts fer the‘variqus_epgleevof qbservatiep
in the laboratory system. fhe first column gives the differential»erqss
: sectiqnmp;egeniedvby the carben nueleus:fpr the production ofvphotons.at
the peak of the spectrum seep.ap;the”angleuepecifiedo The seeoﬁd column
gives;tﬁe,total photon yields in terms. of the cross sectiqns‘for the delivery-
_of»high-energy_photqne-into unit solid angle in the direction specified.
The third column gives the -amount of solld angular space to be assoc1ated
with each of the spectra at the various angles of view, The last column

consists of the products of the preceding two columns which, when summed,
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will give the total cross section of the carbon nucleus for the production

of high energy photon radi

s

| | de
AGE  3Ea
o 431 x 10-30
41° 3.59 x 10-30
90° 2,26 x 10-0
1330 242 x 1070
180° . ©1.99 x 10-30

a.‘bion.

TABLEI]

133

6.91 x 1028

458 x 10728
2.02 x 10-28
2,36 x 10-28
1.83 x 10728

" cm?/sterad. Mev  cm?/sterad.

2,30 | 10.53 x 10’2'

oSN oo

m——————a—

0.8,  5.80 x 10726
8 )
6,28 12,70 x 10~28
2,30 5,43 'x 10728
0.84 1.54 x 10-28

sterad., 36.0 x 10-28 op?

c-;)hotor;:"(%é ¥ 0.8) x 10727 2

&
n

0 = (1.8 £ 0.4) x 1027 cp?

(Error estimated from basic data,)

If 2ll the high energy'photons_are'considered to arise from neutral

mesoné then neutral meson cross:sections are one half of that for photon

production, or 1.8 ¥ 0.4.

In Figure 1 is shown a’plan view of the.experimental arrangement,

The pair spectrometer is located where it can first view the internal cyclo-

’“Yrqn target, for the pﬁrpose of receiving sufficient gamma radiation to

allow the adjustment of counting conditions to provide satisfactory‘p%ateaus,

subsequeﬁtiy the pair'spectrometervis turned upon its base so as to view

thfough the side well aperture a cerbon target placed invthé'extérnal
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proton beam., lFinal collimation and an electron clearing.field preceding
the pair spectrometer gave satisfactorilj low converter;out counting retes.
In Figure 2, are displayed sample data from one run showing the de-
pendeﬁce of photon ceunting‘rate upon tantalum converter thicknees; The
abscissa is expressed in terms of. Meffective thickness" which is calcg-
lated from actual thickness by taking account of the photen attenuation
by the tantalum up to tﬂendepth of the point of pair ereation_and the
possibility of eléCtron energy loss to energies belowAdetectability for
the pair electrons emerging from that point. From this curve the photon
yield per unit thickness of tantalum is obtained.,

7. Variation of Neutral Meson Yield with Atomic Number of Targets

' Be. Jo Moyer and R. Hales

The work done by Hales on this subject has been extended tevprovidew
better statistical aceuracy. The target elements eﬁployed are distributed
from hydrogenvtﬁreuéh lead.._At_present experiments areein_ﬁrogress which
will meaeure the jield ffomﬁdeﬁterium and helium in a high preeeure gaseous
state, |

" As has been previously indicated the pi® yield from proton bombard-
ment of the low mass elements shows a proportionality to the neutron a-
bundance. An approximately linear dependence upon atomic number A‘persists
'et least -as far as aluminum (£ = 27), and from there-on through lead the
dependence seems to blend into an x2/3 pover variation.

Such characteristics of A-dependence can be qualitati;ely understood
by‘censidering that the neutral mesons for the most part are produced

with sufficiently low kinetic energies that their interactionsvwith-nucleons
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are not strong, and that, -consequently, tﬁeir mean free pa@h‘within nuclear
matter is relatively large. Theiiwdependence then is primerily affected
by the mean free path of the incident protons in nuclear matter. From
studies 6f collision cross sect%@ns_it is known that among the iighé ele-
ments the trénsparency to the passage of 340 Hev protoﬁs is guite complete
among the low mass elements, and nuclear opacity does not become prominent
until mass numbers of the region of 20 tc 30 are reached.

A summary of the present data on yield versus target element is pro-

vided by Figures 1, 2, and 3.

8, Cfoss'Sections for Products_of 90 Me#‘Neutrons on_Carbon .

D. A. Kellogg

Determinations have been made of thé créss sections for the produéts
of 90 Mev neutrons on carbon in thé case of ﬁfacticaiiy_all reactions :
that occur, Beta counting of the7activities generated in a rotgtiné-pbly-
ethylene disc yielded cross sectiéns'for'the produqtioﬁ of some heavy
fragmenté, identified as to isq§qpe'and;atomic‘number. Cloud chamber
study yielded crqsé segtions fof almoét.all feéqﬁions, bﬁt resﬁlted in
the identificatioﬁ of most of the heavy fragments only by atomic number.
The'rotating disc method cross sections'were ndrmalized to the ¢l (n,zﬁ)
Jcll cross sections, and the cloud‘chémber method cross sections were
‘normal ized to the n-p cross section. o

The relative and'absolptg yields of_prdtops,vdeuterons, and tritonsv
of high energies were deternined by the cloud chamber ﬁethod and compared

with the results of Hadley and York; the agreement was excellent,
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The cross sections determined by the rotating disc method are given

in 'Table Io
| TABLEI o | o
Product ' Cross Section (in 10f‘27 em?)
pl2 o 49 % 1,0
He® . | 2.5 21,0
138 0.8 & 0,4
clo 0.7 £ 0.5
88 0.6
149 €0.6
Be’ 8.8 % 4.6

A few of the more interesting cross sections determined by the cloud

chamber method are given in Table II.

TABLEII
Reaction ~ Product Cross Section (in 1027 cm?)
(KK 4 ) ‘ : 9.8 * 2,0
(Li, Li) and/or (£, Be) ' ,
Be7 ' 4.1 ¥ 1.0 minimum
Total protons 173t 15 '
' deuterons ‘ ‘ 90 * 10
"tritons 2 6
Protons over 20 Mev _ 85 £ 10
Deuterons over 27 Mev 26 X 6,5

Tritons over 33 Mev 2.9 T 1.V

9, Comparisoh.of5Eleétrbn and Charged Meson Yields from Carbon

L. Neher, B, J. Moyer, L, Alvaresz, C. Leith
During the past yeaf a question has been raised as to the Yield of
high energy electrons from a carbon target bombarded by 345 Mev protons,

In particular the question is: Are the numbers of electrons compatible
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_ mesonvdecay‘gamma-rgys, (b)- beta decay of low énergy mu mesons,;n_the"-
targetg'iSéverél:ékpériments‘a%e in progress‘td‘determine the yield of
electrons and positrons relative to the'yi;i&.of;positive and negative ..

M mesons for various thickness of target fhé'apparatus consists of a
magnetic channel- with: about t 10 percent momentum selectlcng‘ At the exit .
of the channel a tifie:of- fllght detector is be;ng used to olétinguish e
tween electrons and mesons of the samemcmeri‘clume Tﬁe electron energy
speé%rhmﬂdecrééSeé'Smdothly with increasing energy. Electrons up to 150
Mev aré observéd, The positron-électron ratio appears to be unipy in the -
regid@1505£6780 Mev. BelbﬁGEO Mev, there is an excess of positrons, which
are prbﬁaﬁly"dUe?io"pééiﬁive‘mﬁ'decay@ Above 80 Mev the number of positrons
aréiﬁﬁéeftéiﬁ‘ﬁeéausé of pbsitive1Tmesbn*é0nfmhination@' The total number -
of elééfrénsiéﬁdfpositfons‘of}all"engrgy'is'abdut3l/10 the total number -
of charged‘ﬁwﬁéSbnéo “TEé-PeSults are still -inconclusive regarding any .

new prééeéé*fbffhigh’energy eleétron‘formatiéne.

L

10)7 On' the Ratio of Charged Mesons from. Carbon Bombarded by High

~ Energy Neutrons -

s 5.0 “L; Neher and Do Dixon
: A = ' ' . ‘ . :
Experiments are"continuingvothhevproduction‘of1positive and nege~
tive mesons fom éarbbn5b0mbaf§ed’by7the*289‘MeQ neutron beam from the
lSA_iné cycloﬁron, We have recently'obsefvéd'at'lﬂo to the neutron beam
on céfbon; ‘I‘hp meson energy range is about 50 Mev * 25 Mev, The ratioc

is Tr/%’ 3 32 O 7Q This is a'notlceable decrease from the ratio of

'n'/ﬂ**#'lo'i élétﬂgoo;'EFof”ihe’same énergy range thie counting rate at.
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|
{

150 is about four negati?e mesons per minute. The apparatus consists
of time of flight detectors with magnetic channel midway in the flight
path. Very little contamination due to recoil protons is found with this

arrangement,

11, The Photoproduction of Negative Pions from Deuterium

R. Madey, K. C. Bandtel, and W. J. Frank

Synchrotron beam time was 1imited to pne'run duriﬁg the past quarter.

Time of flight requirements were imposed on the detection of pion-
proton_coincidenées so that highér beam intensities from the syﬁchrotron
‘could be used. These time 6f flight requiremeﬁts are in addition to the
angular and energy correlations repofted previously. The rééults appeared
' very encouraging because the background counting rate from a water target
did not increase és the‘protonfcbugfe? was moved within 12 degrees of
the beam. The maximum a&&ilable beéﬁ intensity was used during this in-
strumentation run.

In preparation for én angular distribution_measg:ement on the negative

pions, absorber thickneséeé and time of flight correlations were calcu-

lated. Also, improved triple coincidence circuits were constructed.

12, _The Triton Resction [psd—paet]

K. G, Bandtel, W. J, Frenk, R. Madey, B. J. Moyer

The two cycletron runs made during this quarter were concerned with
identifying the process and Improving the. counting rate, The process is
identified by imposing the restrictions calculated from the conservation

laws for a two~bedy reaction,
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The pion and triton counter telescopes were’ placed aﬁ'ﬁhe correlated
angles of 110° for the'pionwand'8°‘fgr the triton. . Absorbers calculated
from the energies expected at these angles were put between the two crystals
of each telescope ‘so thét the particle went.through the second crystal
at the end of its range; the phototube of this crystal was then set at -

a lower voltage, and only pulses due to particles losing & large amount

of energy ip the'crystal were seen; Because the triton telescope was

about éigﬁé'fééi*ffam ﬁhé £érgét, the tFitpns &53’“1/35 were debunched

in flight from protons (B"'Z/B) that were scattered from the beam by the
target. Appropriate delay lines in the pion telescope.inputs 1o the quadm«v
ruple coincidence circuit match the plon pulse to the iriten pulse; the -
scattered protons are matched to whatever the pion telescope may see between
the R-F beam pulses of thé cyclotron.. -

The process‘is observed by taking a difference between GDz and G
targets.v A maximum in this difference was observed at the correlated
anéles when the pion telescope was:placedito either side of the correlated
~angles. The ﬁgntativgaﬁpreliminary cross section, which is~—1 percent

of the reaction p.+ p—>nt+d, agreeSVWith theoretical predictions.

13, Electron Positron Amnihilation in Flight at 200 Mew

S. Colgate and G, Gilbert. -

The annihilation of positroné in flight into two gamma rays was pre-
 dicted theoretically many years ago (see Heitler, m.’Quantux‘n Theory of Ra-
digtion,ﬁ), It is tentatively believed that this has not been qbservéd
until this expérimenta. There is no theoretical reason to suspect-the

disappearahce-pf,glectrons in«flighte (Inverse beta decay is smaller
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by a factor of 10~10 than the.cro;s seétions in question.)  However, Barkas,
Gi;bert, Deutsch, and Violet,.UCHI_l527, and F, C, Gilbert, UCRL~1506,

have observed two disappearances of e1ectrons in flight at 400 Mev in .-
nuclear emulsions. It was these two events that prompted the present
experiment,

A set of three proportionsl counters of small mass placed.inxthe
magnetic field of the pair spectrometerAéelgéﬁéd electrons br‘bositréné‘
cf'a given Hp from a radiater pléeed in the’éamma réy Beam from: the syﬁéﬁroé
tron. These three counters in coincidégce determined the momentum, charge
{+ or -) trajectory, and time of a particle. £ fourth counter (scintilp-

lation counter) immediately badced up the third or last proportional.counter

in the direction of flight of the electrons or positrons., = If nothin gu-
happened to an olectron between the third propo tional counter and the

scintillation counter,'then every time a triple coincidencé was. observed,

s count in the fourth couniter or quadruple’ c01rc;denoe would be observed
Thus, the lack of & count in the fourth coumter indicated a disappearance, .
The background impurity = trlple—quadruple/ rlple for ne absorber

between ithird and fourth sounters was 171200, For a 2 cm Be absorber .
directly in front of the fourth counter, the annihilation disappearance
would be theoretically 4/1200, The elect n pesitron difference was o
served to be ¥ 25 percent., The electron disappea:ances wers less than

1/3 the positron alsappearancesy which weuld indicate that elscirons do
not annihilate or disappear in flight for low 2 el*m@nmc by a faétcr_lass
than 1/6 of the cross section of the two events chserved in nuclear emulsion
by Barkas, et al.

Absorbers of LiH, Al and Cu were used and within the poor statistics,
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they indicated nothing different fron Jhe abovc Th
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the absorbermmdl%ipleg or single Coulomb is proportional te Zz.ang,isq
larger than the annihilation .effects for Z é ‘and aboveo. :

The energy dependence of p051 tron annihilation waseobsefved'ﬁe be
correct at iOO Mev with error of‘* 25 percent° :Theee efe.onlﬁ preiiﬁinary‘
results and better ouatlstlca will ‘soon be available° Also it is piahﬁedv

to observe the annihilation gamma rays in 001nci ence with a disappearance,

l4o The Mngular Distribution of M¥Mesons from 340 Mev Protons

on Protons

M., Whitehead

.The measurement of the angular dlstrlbutlon of the mesons emitted
in the reaetlon p+ p(~4§1T'+ d@ has been completed° The mesons were
detected in nuclear emulsions using the same experlmental procedure as
described previously. The ¢ cfosq seetions were meagured & OO 650 and

1040‘in the center of mass The experlmental p01nts were fltted to &

g; = 3,6 * 1.2 (0,09 £ 0,06 + cosz e) x 10“'~9 em® sterad™t
The errors are based on the "external consistency® between the calculated
and measured values, |
v'Théverbss,section.fpr,the inverse_reaetionafn+45ci—~9p>+-p, can
be~caleu1atedAbygthg_prineipleiof.detailed.balanee,'assuming a value for
the mesonVSpinglsﬁge
b s (82
d.n 2 (29 + 1) 3 dn

where pp and pq‘are the momenta of thu proten and meson. .
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If sy = O the inverse cross section is calculated to be:

C%JZL): 12 (0.09 + cos® 8) x 10~28 cn? sterad™t (1)
S P _

The experimental value for this cross section as measured at Columbia
University is:

deo = 9(0,22 + cos? 8) x 1028 cn? sterad™ (2)

dNn '

p

The agreement, though only fair, of these cross section is a gqod‘indi_
cation that the spin of the positive pion is zero. If it were ohe, the
measured cross section (2) should be one-third of (1), which is quite

improbable. .

15, Charged Pion Production at 180° from 340 Mev Protons on Carbon

S;‘Leonard

Work has been continued on-an.expérimént to measure the WY and W~
produéfion cross sections for protons on cafbon, the mesons being emitted
at 180° to the deflected proton beam_of.tﬁe 18/-inch cyélotron. Nuclear
emulsions were exposed to mesons emitted at 160° to the beam, using no
magnetic field, so that ' and ﬁf’mesons’lodged'in the same'plate. Scan-
ning of these plates was completed, and preliminary values for the 1ff
cross section at various meson energies were calculated. The ¥ /%" ratio,
however, is so large that too few M~ mesons were obtained to give a statis-
tically significant result. The'“*'cross sectlon, measured in this way,
is: |
do-/d.n.d E.T . }

27 Mev 2,96 £ 0.65 x 1030 cp? Mev-l sterad"l
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43 ‘ _3.11“£&O°78 x 1030 em? Mev—t sterag=1t
61 ‘. - 0,94 £ 0,07
82.5 : : 0.74 £ 0,17

the errors being standard deviations based on statistics only.

Later, C-2 200 4 photographic emulsions. were exposed to TTand 17 ”
mesons which were separated with the aid.ef a_stroné magnetic field,
Brass channels pleced between the pole pieces of the pair spectrometer
magnet served to.select mesons of predetermined momenta and to reduce the
backgrounq dﬁegge;egéeiméefﬁiclesriﬁeihe.cave; -To deﬁe; ekposures have
been made:fer mesons of 30 ﬁev:enly; aﬂd'theee'platee are being scanned,
It is contemplated that exposures will also be made for mesons of 15,

50 and 75 MGVo

ié; High Energy Deuterons from 270 Mev Neutrons on Pfotong

B. Youtz

Instrumentation is nearing completion fdr'obeerving high energy deu-
terons preduced by the 270 Mev.neutron beam on pfo£ons. A preliminary at-
tempt was made to observe T-rays produced in the forward hemisphere by the
n-p colllslon, u51ng a SOlld berylliium telescope as a neutron filter,
Further efforts will be made in this directlon with the goal of obtaining

‘r-deuteron coincidences from 7° production.

17. The Excitation Function for the Reaction p + p—>w"+d

&, Schulz, D, Hamlin, J, Merritt, M. Jakobson

The reaction p+ p=>1r *+d is an extremely 1mportant reaction for the

reasons that the kinematics are completely determined by spec1fy1ng the
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energy-and ‘vector momentum of only one particle éfter the réaction‘andaﬁ.“:
it is'one“qf-the'few‘where the ‘inverse reaction.can be stqdied_feasiblyo"
The excitation function can serve as a good test of the functional form:

of various theories_oflméson production.

A ﬁumber of successful runs have beeq"completed at preéent. -About

14,000 meSOns‘ﬁaQe been'counted on -this reaction at proton energies of
336, 326, 321, and‘310;5‘Mev,”respectivelyo The points have good internal .

consisteﬁéy‘and'join'well with the points corresponding to higher proton
energies obtainédfby J. Steinberger and his coworkers at Columbia University
usingvthe“inVe;sevréaction.ﬁf*+ d — p+p. The experimepts is beiné
continued~andimore_pointS'will'befadded as-time permits. Figure 1 shows

the "data obtained so far.

18, N-P Polarization Measurements

. . L, Fs Wouters

;The:research”pfévibusly performed. on thié problem has been reported
in UCRL4IZ§O° In order to improve the accuracy and reliability of the
-measurgments,'arcompletely ﬁew apparatus has been designed and is under
constructions

Mechanically, the two méjor‘items include a remotely-controllable
LiD targétfhdlder and an azimuthal counter mounting'frame to be supported .
directly from the 184-inch cyclotron shielding. The counter support is
8o designed as to permit 36Q°’azimuthal rotation of the four counters
as well aé predetermination of the scattering angles to better than 0.1

degree. In order to simplify the set-up, the electronic coincidence
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circuits between ﬁnits of each counter telescope will‘now:be-located~et. -
each counter. The counter telesc¢opes will. subtend:a sufficiently. greater
solid angle to‘obtain.a five—fold:iﬁcrease in counting,rate; uniis for use
with 1P28 and with C-7165 phetomultipliers.are being_designedo

Further tests of pulsed photomultiplier.circuits of various sorﬁs
have shown that it is necessary to- pulse the entire H. V., rather than‘
only a. portlon, in order to reallze any advantage in terms of gain and’
higher space~charge llmlts° Consequently,»because of the complexities
encountered.during the earlier set.of experiments, the scintillation counter:
array will be.operated under normal d.c. conditions. Attention has thus
been given to .low level coinc1dence 01rcu1ts for use with 1P28 photomulti-
pliers. A circuit described by Za Bey (Washington Symp031um, NBS, January :
1952) may have some advantages over the Neher bridge, in having less sen-
sitive balance requireménts as well as’less&critieal dynamic range. Ai-
ternate circuits for use‘with high output:photomultipliers (C-7165) will
also be tested. (It is desired to av01d the use of intermediate ampli-
fiers ‘because of. the “den31ty of cables and auxiliary items then needed
at the counting head.) -

The monitoring problem also requires a better enswer;- The new ap-
paratus will include an isolated neutron scatterer and moderatori\fﬁe////
slow neutron flux thusegenerated_will be measured.bj means of a Lil scin-
tillation counter. It is hoped_to avoid polaniiation‘effects in the monitor

itself by this scheme, -
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19, Synchrotron Studies

" A, C., Helmholz

' 'The months: of February and March saw some good operation of -the
synchrotron, but a crack in one of the tubulations on the quartz donut
necessiﬁated the removal of that Section and its replacement. Since the
reassemblyvof the magnet, it has not. been possible to get a good beam at -
full eneré&, so that no experimentél<workfhas as yet been possible since
the shutdown, |

W.-GilbertiandiJ; Rosengren ‘completed their runs on the photodisin-
tegrationfof‘thefdeutefoﬁ.i'They have written a report, UCRL-1792, for the
Physical’Review which will‘soon be decla:*;sifiede Their results on the. total
cfosS'seétibn'are'tWO—three'timés~1arger_than~those~of Kikucéhi, Benedict
and Woodward, and Keck ;nd'Littauero. The reéson for this discrepancy is
not ‘apparents ' |

L, Jones and K. TerWilligér;haVe finished their measurements of (Y,n)
.crossﬂséétibﬁ"és.é“fuﬁétioh'of energy fr‘omLO@oBZO'Mev° They find. a
steadily increasing cross section for neutron production above 80 Mev.

They are pfiméfiiy“meaéurihg low energy mneutrons, O‘to/abodt 15 Mewv, but

it seems very probeble that the humbef'bffhighiénerg&'neutﬁons is relatively
small. It is hoped to do furthér'WGfk-oh~this pfOblem*at'%owerwenergies, -
usiné a smaller machine, 'This would essentially f£ill in the gaﬁ from,

say, 15 Mev up to 80 Mev, |

S? Qolgapgzapd_F.*Gilbgrt;have c9mplet§d measgrements"on the}annihilation'
of positrohs.in flight, using pésitroﬁs from the pair magnét, which pass
thfough three counters in the magnetic fie;d,mpgss into an_absopber,lbuﬁ -
not thrdugh_agcouhterybehind the absorber. .The croés~section agrees well
wifh the‘theory,;“They will have,morezruﬁs to. determine the amount of electron

fannihilation™,
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C. Andre has completed a run on the‘"é production in hydrogen and
deuterium. Because of difficulties in the determination of the background
- counts, results will not be definite until a further run can be obtained,

" which should be in the next quarter. J. Carrother's final runs on /7%

“ratios will probably be made at the same time.

Thegretical Studies'

Dav1d Lo Judd o

i_Duringvthe period covered by this report the following abstracts
were prepared f or presentation_at the Washington meeting of the Physical’
Society: .
| "Pﬁoto Production of 1%-Mesons from Deuterium", W. Heckrotte, L. R.
Henrich~aﬁd J..V. Lepore. _
"Meson Exchange Contributions to the High Energy Deuteron Photoeffect",
R. H, Huddlestone and Jo V. Lepore.,
- "Low Energy Properties of Pseudoscalar Interactlon with Hard Core",
R. Jastrow. | |
MFhenomenological ?otentials in Meson Scafteringﬁ, R. Lelevier.
;ﬁNuclear Forces Yielded by the Symmetrical Pseudoscalar Meson Theory
with Pseudescale:”Coupling", J. V, Lepore,
QOn_theAFermiaThomes Model of the Nucleus", R. J, Riddell, Jr.

"Mﬁltiple Meson Prqduction",'M. Ruderman.

_"Interpretation of High Energy p-p Scattering",.D, R, Swanson, -

Photo-1° Production. from Deutefium,_ W Heckrotte, L. Henrich, J. Lepore
Calculations of the elastlc and 1nela tlc photo-n productlon from

:deuterium.were.completed. The results indicate that an experimental
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-investigatioh of.the:elastic.production can lead to a determination of
the sign oﬁ the nuclear éoupling'constant. In this cas; the ratio of
the cross section for»gp =.-gnltg thatffor'gpA: g, is about 28. -When:
inelastic»pfoducﬁionfis‘inclﬁdedlthis ratio decreases to about 2.6 (near

threshold),

Low_Energy bebertiesvoffNuclear Forces. R. Jastrow
i‘fThe:low”energyiproperties-of nuclear forces are being examined on
the assumption that the nucleoﬁ-possesses'a’complex structure associated
with a particls of'maSSIintermediaté-bétweep that of the nucleon on a
pi-meson., The structure ig represented by a strong short range repulsion,
The forces.outside this region afévdescfibéd by‘a pséugbséalar meson field,
Galeulations 6ffthéfdéutéfbﬁ properties on this modellare nearly completed
and y£eld»surprising‘agreementiwith expefiment° Calculations at higher
energies will be started.shqrtly, as will a consideration of the saturation

.properties ‘of ‘the model.

Exchange~Contributions~t6’thg[Déﬁteroanhotoeffect, R. Huddlestone and
J. Lepore o

&mbiéuiﬁiQSFhavé been found in the various exchange contributions to
| the=aéutéroﬁ phot'oeffé_‘cte _Kn.aﬁtémpt‘is béing'm&@e to correlate the meson
caleulation with a phenoﬁendlogicéllﬁodei of the exchange contributions.

_Higher.order processes are also being investigated,

Meson Carbon Interaction, Ro;LeLevier
It has been found that coulomb interferencé effects in w¥and M~

carbon scattering do not rule pﬁt the possibility of a repulsive region .
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in the meson-nuclei interaction. Such repulsion is indicated by Schiff's .
nonlinear meson theory. A region of central repulsion surrounded by come
plex well leads to a proper sign for the nuclear scattering amplitude at

small angles. The large angle scattering, however, is still smaller than

that indicated by experiment.

P-P Scattering Cross Sections. D. Swanson

The. exact calculations of p-p scattering,crossﬁsections are appreciably
different from the Born approximation results depending on the nature of~f.
the cutoff used., .Polarization effeqmsAofhthe order of 15 percent, cor-
responding to a.cross section of the form ‘

I(e, #).= I, (8). {ﬁ + 0,02 cos #}
were found for the model which best fit the 130 Mev and 350 Mev data.

e ol
.

Other Studies.

Calculationé by P. Wolff to test the feasibility of a low field (0-
100 géuss) high precision magnetometer have been.completed.

Interpretation of,mesonenuclegn,sga?tering‘in terms of fadiation
damping‘réther than asba gonsequeﬁcé of the éxistence of a nucleon isobar
has not .proved successful, . The 1~ data can be £it but the ratio of M7
to 7~ scattering is much too small. This work has been -done by P..Wblff.

Studies by M. Ruderman and f. Welff in sﬁrong coupling meson. thecry
é:e continuing. Comptonvscatte:ing_ffom,prctoﬁs, treating the mesons

classically, is beiﬁg investigated,
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- IT ACCELERATOR OPERATION AND' DEVELOFMENT.

1, 184-inch gyclctron Operation

’ Jo Vale

Operation of the cyclotron has been quite steady during this period.. -
The average operétion of .the qyclbtron‘for research experiments has been
about 95.7 percent of the timé'thétitﬁe crew»wés on_dutyc-.Oﬁe day.during
this period was'ﬁsed for the :eplééééégt of'£h§ béarings an@iﬁrusﬁeé on
the rotéry capacitor, and all gfh;riéifficultiés were hinbf ones.

The timing for controlling'thé}oSéiilaiér is at‘pfeéént obtained
from a set of magnetic pickups~ﬁbﬁhted7ét‘the fotaryicépéciibro Thése
pickups provide pulses f@r turning on theuéscillator'at~thefp;0per point
in the cycle. :Since\thése pickups are sensitive to stray magnetic fields,
iﬁeir output~will-vary with the cyciotron magnetic field. In addition,
their output is low. ForftheSe_feasdns, a-new'type of pulser has been
designéd ﬁSihgvauibmobilé'ignifion peints; which overcomes both.of,the_
above'diSadvéntagés“of thé*ﬁagnetic deviCeg':This-unit hgé'been designed --
but has not yet been builte. |

A pfelimina?y*iﬁvestigatién has alsc been started of the possibility
ofiincreasingfthe energy of the}accelerated particles of the cyclotron. -
The resuitsfthﬁS»fafvindiéate_thatba-proton'enefgy of about 600 Mev would
pglpqssiblé;’ Howeﬁef, this_would_necesSitate additional exciting coils -
on the magnet, a smaller mégnétic'gapg and a neW‘ffvs§Stem9 so that this

is a fairly long term prcject.
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2.__60-inch Cyclotron Cperation and Deﬁelopment

Operations. William B, Jones
The operation of the 60-inch cyclectron during this quarterly period

was as follows:

Alpha bombardments -402.,2 hrs .
Deuteron bombardments 31444 hrs
.. Proton bombardments 256,0 hrs
 Carbon ion bombardments 161.0 hrs
Development : 157,7 hrs
OPERATION TOTAL 1291,3 hrs
OCutage time 410,7 hrs
TOTAL AVAILABLE TIME 1702.0 hrs -
Shutdown . = 457.0 hrs
Daylight Saving Time change__ 1,0 hrs
TOTAL TIME | ‘ 2160.0 hrs

Operation efficiency: 75.9 percent

Most of thevoutagé time was spént repairing a 1éak that devel;ped in
the East "U" house cooling systeﬁ. Leaks of this type have been sealed.
by floﬁing shellac through the line and‘applying.loo pounds of pressure,
- Attempts to seal this leak by this meﬂhod were unsuccessful, A gasket
bétween the upper and lower section of the East "U" house was found to
be leaking squthisvgasket was removed by spreadingrthe nU" house with B
a wedge. A standard 3/8 iﬁ. gasket was split and cemented-in and a copper
wire was tightened around it so as to compress the gasket against the
water line. A shield was placed over the whole joint to protect the gasket
from rf and to clamp the house together so as to have a constant tension
on the gasket, This proceduie appears to have sealed the leak,

A second cause of outage waé a leak that developed in the beam monitor-
ing probe, This probe had been bombarded with approximately 600 us max-

imum beam for short time periods (zbout 3 - 15 minutés) several times a
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wéek;“,The:prqbe,was,rempved'and’inspection showed that a small hole-had
been;drilled‘tﬁnoughfto the water line. -Work is undervway'to,determiﬁé
the proper material to be used for the probe head sovthat;béamS‘inlthe
order., of -one milliampére~may be run without destroying ‘the face, - .This
probe has been an important item in determining causeslof Tow extefnalg

 beams.

The Beam Monitoring System. Hugh K. Jennings

The beam monitoring system has been in the .process of revision in
order to make it more flexible and automatic. The new system when com- -
pleted will: include the follotwing features:

1. Three. separate beam 1ntegrat1ng and meterlng systemso

2. A Speedomax recorder,

3e. An. electrometer for currents from 10”12 to 20~0 emperes,’

4o A probe amplifier whose operatlon is- based on the heating effect

of the probe beam,

5. A built=in beam callbrator w1th ranges from 10“7 amperes (w1th

- oné percent accuracy) to 10~% amperes (with 0.1 percent accuracy).

6. A calibrator recorder such that the percent accuracy of any inte-

-grator. can:be read directly from a paper tape.

7. A switch panel for switching inputs to the system or for puttlng
. .integrators in series for. checking purposes, : D o

~ At present.oné of three of the new modél integrators has been compléted:
The input is.isdlate& from ground so that either positive or negative in-
put may be used.. This feature iS'desirable'in ihat either positive ion
or elect:on-cufrents may be integrated with the device. Also,.in order to
tie the'new counter area equipment into this metering system, a patch panel
has beeﬁ?installedwinlthe Control‘Roomvsovthat; for instance, output from
standard:UCRL~ekectrometens méy;be pétched-to the Gfocke: Laboratory inte-
gratlng systemc | | |

- A model- of a callbrator recorder has been builte _Awheat—and—pressure,

sensitive paper is used=for recording the percent error of any integrator,
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For no error, a’'series of dots appears parallel to the edges of the paper;
f&: a one percent error, a series of dots appears in a 1ine at 45 degrees
to the edge of,the papers |

The Speedomax and its shunt panel have been installed in- the.Control
Rgom with range switches from one microampere to6 one milliampere full .

scale,

Magnet Gurrent Regulator and Metering Ciréuit° Kenneth D. Jeqkins

A modification has béen made to our‘magﬁet current regulator so that
it holds the currentsconstant to better than one part in ten-thousand
for over annhouf,.-The circuit consists of a 20@ nv 400 aﬁpere shunt, a -
reference voltage, a mechanical chopper (Brown), an a.c. amplifier and ,
a pair of Thyratrons (672) contrdlling the field of the generator. The
generaﬁor is dri#enjby an inducfion‘motoro. ;

':Tﬁg réfe;éncé;volﬁége is not part of the ﬁagnet current régulator
but isrﬁaft.og'thé.ﬁagnet current metering circuit. Its stability is
better th&ﬁ‘oné.ﬁértiiﬁ ten—thousan&uﬁér'day. ‘Thérmetering circuit con-
sists of a standard referencgvvoltage varied in taps of 10 mv between zero
and 200 mv,‘also‘an adjustable voltage between -1 mv and +11 mv, and a
galvanometer.to:fead 0 - lé mv.  The Leeds and Northrup 2440 galvanometer
reads 0 < 20 amperes‘of:current on a fqur inch scale, The £ap switch
adjusts both theVmagnet:current regulator“and‘the differential cu:rent
‘meter in StépS'Of 20 amperes,'thus.both regulator and differeptial'meter
are always’ operating over the s;mg 20-ampere step. Tﬁe magnet fine con-
frolAapplies the voltage to‘the @agnet regulator and also most of the
cufrent to opeféte ﬁhé galvanometero—'The five milliampere reference cur-

rent 1s supplied by 24 Mercury batterieé whoselvoltage decays less than
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0.1 millivolt -out .of :L.34 volts per ‘Gay,. The reference voltage is zeroed
against,afbuiltgingstapdard cell at leagt once each.shiﬂt»’;Thevabsolute
setting of :the magnet current is about 300 milliamperes. at 300 amperes but

© it is résetable within 50 milliamperes.,

Lightweight ‘Filament Holder anq Adjustment Mechanism. Charles A. Corum

The major benefit of the new lightweight filament holder (Fig. 1)
_nOW“iﬁ operation at the 60 in. Cyclotron has been the reduction of time
required to change filaments., The lightness of the‘holder;~p1us the quick
separation of the two water-doco connections and the fast positive release
of the clamp,- con51derably speeds the changing operatlono The radiation
level in this area is 100 to 500 mr/hro, dependlng upon - the type of prev1ous
operation of the machineo Other benefits realized with the new filament
holder are° (1) a 55 percent reductlon in welght (2) higher operatlng
voltage, (3) easier. fabrlcatlon and serv101ng, and (4) better operation
through flner ad,]ustment° Lo o ‘

o The reductlon of welght from ll tQ 5 pounds was accompllshed by (1)
reducing the water cooalng lines from‘four to two, {2) us1ng stainless
steel 1n place of copper and brass, and (3) 51mp11fy1ng the vacuum seal-
ing method and the water and d cs connectlono;

Most of the electrlcal short ng-of theiold;filament.hclder occurred
in the gas chamber and at the back plate° Bcth'have been discarded.
'With the new water~doe,_connectionsiand enly twe water lines to insulates
the pew filament'hoider holds upvidﬂ5000'volts ip_air;as,comparedvto:phg,.:
former of 2000 to' 3000 volts. | | |

The new,filgmaﬂ;hsider'is-beid ﬂogether in assembly with a "one force"
design by:the useiof removablepurnbuckle_s° ,Pressufe is appliedrbysspr?adm

ing‘the turnbuckles:which-ape held by 1ueite plates between the backplate
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and the water d.c. connection. This force pulls the filament blocks into

an inside tapered insulator seated in the end of the outet tube. The iéper
centers the blocks, adds pressure ic the gasket which seals the cross feed

of the water line and holds the filament in operating position. It also.
makes a vacuum seal by compressing‘aﬁ 0 ring to the badkplate and rubber
gaskets around the water lines. By releasing the pressure and removing

the turnbuckles, the new filament holder cén'be sﬁripped‘down for servic-
 ing without-unsoldering. With the turnbuckles oﬁt, there is enough clearance
to slide one-~half of the filament block ﬁver the other so that both méy»

be withdrawn through the tapered insulator.

The water and d.c. connection is in one wuriit and uses‘a taper‘jointi
(copper to copper) férlthe current and an internal 0 ring .seal for the
water. |

The filament holder adjuétment mechanism is a ballbéaring‘mounﬁer warm
drive unit attached to the filament seal plate on the ion source. The :
worm, which can be operated by hand or by remote control, turns a nut
ring that runs the screw in or,bui 10 make the filament adjustment. One
turn of the worm moves the filament in or sut 0,006 inches. With remote
cbntrol, movement can be timed to 00,0025 inches per second. The élamp.
ring, attached to the hollow screw, grips the filament holder, By releasiggf
the clamp, the filament holder may be withdrawn and ancther inserte§ withouv

losing the adjusted position of the filament,

Carbon Beam Development. -G. Bernard Rossi

Gontinued effort has been placed upon increasing the external and
. +6 . . e e e -
internal C ~ beams. Most productive resulis to date center about geometric

changes of the ion source, It was noted in UCRL-1729 that a carbon cone
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withﬂan open midsection had been found't§ be productive of 20 tp»j? x_lO‘"’9
amperes of Cf6 ions in excess of 80 Mev. Changes made in ﬁhe structure

of the midsection, as well as with cone‘géometry itself, have improved

the output., The present arrangemenﬁ, which is still open to further scrutiny,
has produced 100 x Il.O'9 amperes of C+6 particles whose energy was in excess
of 100 Mev, This was measured by an éiéctrometer connected to an rf shielded
probe inside the tank systém. The energy selection was accomplished by
absorber foils of appropriate thickness between the beam and pickup target.
Repeat performances yield various peak beams usually in excess of 50 x_

10~? amperes; depending upon periodé of ciclgtron adjustments,-

.‘Uplto this time the exterﬁal bean was measured by means of a pfoportional
countef and scaling system., At the mesent time a Faraday cup is situated
between'th such chamBers. 'The thickness of the first chamber is 36.4
mg/Emg_aluminum equivalent. The full fange ot c*6 ions in aluminum is)

53.5 mg/ém?. _The Paraday cup was thus equipped with an aluminum foil
in excess of 17 mg/émz; Under these conditions, it was possible to measure

the C1°

particles in éhe cup foil af£er traversal oonne chamber and to
measure alpha partiéles in the second chamber after traversal througﬁ '
the cup and preceeding chambers, ‘The'twé chgmbgrs_were providéd so that
cancellation of alpha particles could be made. 'Uﬁder these conditions
an externél C+6 beam of 6 x 10-1% amperes was reéorded. This was the

" largest beam seen externally. A bombardment was made to produce AtzoB

3

by the Au197(c,6n)§t20 reaction. A five-minute bombardment yielded lQQ‘
. counts per minute of alpha particles, measured two minutes after bombard-
ment,

Work is to continue along the above line with the expressed direction

of increasing the deflection ratio for external particles. At face value;
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the ratio is 100 x 10‘9/6 % 10712 or approximately 17 x 103, where other
particleS‘(deuteron, proton, alpha) are deflected at a ratio of 10:1,

This carbon'rafio may not be valid since the number of internal particles
of 120 Mev has not been measured - the value of 100 x 10“9 including all

particles above 100 Mev.

3. - Synchrotron Operation

George ‘Cs McFarland

The;synchfotron operated satisfactorily during;February and March.
In Aprii,a cracked quartz-segment made -it necessary to dismantle the synchro-
tron., After reassembly, it was not possible to reach maximum beam energy
nof to accelerate enough particles t§ have a useful intensity, -
Measurements of the magnetib field.showed a. marked distoftion in
the region of‘tﬁe féplacéd-quartz section. This distortion was corrected
electfically, which_made it possible to.iﬁéreése both beam energy and
intensity. At the clo$§‘pf this reporﬁ_peyiqgf maximum beam energy had
not been acheived., e . '

It is reasonably certain that the field distortions are due to non-

uniformity in the “élcctrically conducting doating on the quartz segments.

Lo - Linear Accelerator and Van'de Graaff Machines

Al

The preliminary convertor and cscillator for the proposed Van de
Graaff regulation system are built, Delivery on the Collins FM -~ IF ampli-
fiers is expected within the next week, at which time the work will be

contintied on the integration of these unifs intc a working system, giving
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a control signal'whiéh is a functibn‘éftthé.rf phéée“qf the linear acceler-
ator and the output current phgse'ofvthe buncher, = -

A continuous non-interrupting linear acceleraﬁor’beam‘current moﬁitbr
has been built which is-noﬁ ready for preliminary installation, It cbn»
sists of two - 10,000 turn:toroids in series enclosed by a triple magnetic
shield, Atvpresent it will allow visual‘oégeriapion of the current wave-
form. Work is in progress to integrate this éﬁlsevfor diréct measurement,

The mresentation cof a'séope "picture®™ representing the gradiént s
length of the linear accelerator as seen by diocde loops is being held up
~while further work is done to makeltﬁeuinputvsignal to the padial~beam

‘unit similer in its characteristics to the "slideback voltmeter,"

Statisties: = - ~ Running time - = 7%
Maintenance - C16%
Repair - - 13%-

5, Bevatron Devélopuent

W, M, Brobeck

General

The decision was made to make the aperture 1 {1, x 4 £, Initdlal
tests at Brookhaven resulted in a 30 Mev been and indicate that the 1 x
4 aperture will be quite'adequate.

Coil Winding

Only one quariter (44 fvrns) of the fourth quadrant was completed:

during this period because the supply of vendor-furnished coil spacers.
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“has been exhépstedo_howing to the unreliable delivery'and quality of vendor-
furnished spacers (molded of asbestps.filled;phénolic bakelite), the 1400
remaining.spacers will be machined from masonite. "Benelex 70" in the UCHL
shop. Seven weeks are required to complete the winding after the spacers

become available,

Magnet

Preparations‘ére being made for the magnet tests (withoﬁt_poleupie;es)
scheduled for this summer. The possibility of trouble‘from residual'magne-
tism.ahd.transient'ripples in the current as it,apﬁroaches zero is being
| investigated., Tests have indicated that every pole tip plate instead of
‘alternate plates'should be enamelled. Magnet model tests are continuing
to determine the final pole plate outline. Earliest possible delivery
of steel for the pole bases and tips (which will be fabrigated by the

Verson Mfg. Co.) is during the third quarter of 1952,

Vacuun Systenm

For.thé curved tanks, all major parts are in various stages of pro-
curement or fabrication éxcept for the Curve Tank Filler Frame (design
just completed), and the Handling and Assemblquixtures (50 percent de-
signed), Assembly of the first curved tank.is expected to be started at
UCRL by August 1. The transition tanks (used between the dufved and straight
tanks) will be fabricated by the Atlas Pacific Engineering Co,, and fab-
rication of the first two tanks should be complete'by Agguét 1 and the
other six by Septémber 30 if material is delivered on schedule. For the
straight. tank sections, Mare Island Shipyard will start the fabrication

upon completion of material deliveries,
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The design was modified by the addition of one drift tube (bringing
the total to 44).at the low energy end to lower the injection energy of
therioﬁ gun from 500 to 430 KV,  The drift tubes have been installed in

the liner and alignment and gap adjustiments are being made,

Accelerator Tube

It has heen decided te use a single drift tube and to increase the
operating voltage from 22 KV to between 30 and 40 KV, As'a result, ad-

ditional Ferroxcube cores are being ordered for the slf-tracking smplifiers,

Information Division
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