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I.. GENERAL PHYSICS RESE.AIWH 

l0 Cloud Chamber Program 

Evans Hayward 

N=P Scattering 

The cloud chamber group has completed the n-p scattering probleme The angular 
distribution of the protons elastically scattered by the neutrons from the 184-inch 
cyclotron has been measurede This distribution (Fige 1) is based on 1760 lmock-on proton 
tracks due to neutrons with energies greater than 40 1aev. Tracks that dipped dOWn from 
the horizontal by more than 50° have been excluded because they are subject to large errors 
in measurement. The data have been multiplied by a geometrical ~~ighting factor to correct 
for thi-s omissi on. The standard deviations are based only on the number of tracks o 

The conclusions to be drawn from this experiment are that the scattering is 
not isotropic in the center of mass system and that charge exchange is taking place be
cause of the peak of protons in the forvvard direction .. 

~, Delay:!.d Neutrons 

When the elements Unmediately above oxygen in the periodic table are bombarded 
with 195 Mev deuterons.\) they yield delayed neutrons corresponding to a half-life of 4ol4 
~ 0.,04 seconds.l The nucleus responsible for this period has been identified by Alvarez2 
to be Nl7g Nl7 undergnes ~=decay with the 4ol4 sec period and the ol7 nucleus which is 
formed emits the delayed neutronG 

The energy spectrum of the delayed neutrons has been obtained by measuring the 
energies of their knock-on protons in a hydrogen-filled cloud chwnbero Fig .. 2 shows the 
geometry of the experiment~ A LiF target was bombarded for about 30 sec in the deuteron 
beam and then blown out through a pneumatic tube to a location about 5 feet from the con
crete shielding and 6 feet from the cloud chamber. About a second after the arrival of 
the target the cloud chamber was expanded manually. Since the cloud chamber clearing fi~ld 
is not shorted out until the time of the expansions only those ions formed in '1.-;he cloud 
chamber after the target stopped moving formed nuclei for dropletse The cyclotron was 
turned off after the bombardment and since it took about eight seconds for ·the target to 
get to its final position outside the concrete shielding.\) we may be quite certain that the 
neutrons observed at the cloud chMlber originated at the target and not from the eyclotrono 

The neutron energy is related to ·the energy of its knock-on proton by the rela"~ 

tion En "" Ep/cos2e~ where e -is the scatter angle o The proto.n energies have been determined 
from the lengths of their tracks in the cloucl chambero The range-energy relation for the 
chamber pressure of H2 saturated with e. 2 81 aloohol-wata:c mixture has been oaJ.c,ulated by 
Ae Ao Ga.r:L~en (Figo 3) o 

The proton ranges ::md the angle ·i;;h::d; ~;he proto:;, ma.k<Ss ~'>i th \;he direction of t:h,~ 

incident llEmtron have b<:•<3~:~ ~r,..:t8.su~··ed b;t :~-6p:cocjewti ~n. linocl:·"'-'·.:;. p:"otc':a. 'b:cack.,-,; 'chat. start 
in-a region 9=3/4 x 7 x 4-l/2 inches he:vi\1 betim measured. 'l'hi;;, is the maximv.m aNa that 
could bl9 used and still have all the tra(.sks that start wi thil1 it also stop in the chamber .. 

The tracks have alao bes!l selected Gn. the basis of thei:c widtho Only thos£1 
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proton tracks duP to neutrons that passed through the chamber before the expansion have 
been includedo Ool em was taken as the smallest acceptable widthe No track that was so 
old that the negative and positive ions were separated into two columns was includedo 
The ra~ges of the protons have been corrected for the diffusion of the ions by subtracting 
the 'lllidth of the track9 measured in a horizontal planes from its lengtho The clearing field 
is vertical so that if the track is almost horizontal 9 the error introduced by the clearing 
field pulling the ions up or down is negligibleo Only those protons scattered by neutrons 
having an energy greater than Oe46 Mev have been includedo 

The error in measurinj the range of a proton is ± lo.1o~ but since the average 
rate of energy loss .2:!_ is 0 ol ~ in this energy range~ the error in the proton energy 

dX em 
is about ± l%s This error is very small compared to the error in m~asuring the angleso 
In order to minimize no't only the errors in measuring the angles but also '~'tih~ errors due 
to the fact that the neutrons may have been scattered before producing a knock~on proton9 

protons with scatter angles greater than 30° have been excludedo 

The measurements of the angles have been made carefully and are reproducible to 
! 2°a About 50% of the knock-on orotons exhibited small angle scattering in the gas before 
they reached the end of their range o If scattering occurred near the beginning of the 
track or was unobserved for some other reason~ this would make an error of perhaps as much 
as ! 5° in the measurement of the scatter angle in some cases o We believe that all the 
cases of scattering in the gas have been foundo Assuming that the neutron comes directly 
from the target 9 then the error in the energy due to the error in measuring the angle is 

i.- ~E ""':t 2 tan e6e. The error for e "" 30° and Ae = 2° is ± 4%., 

Figo 4 shows the energy spectrum of the knock-on protons and Fig~ 5 u that for the 
neutrons producing them., Af: first glance the neutrons energy distri.bution appears to be 
a line with energy about 1 Mev.. The proton energy dis·cribution~ however 9 shovrs 12 tracks 
with energies greater· than 1.,2 Mev; these must come from neutrons with at l<:>ast that ~nergy 
Jregardless of their scatter angles., Fig .. 6 shows the energy distributio:rt of the neutrons 
if we assume that we are not measuring one energy and correct the distr:l.butiorJ. for 'the 
variation of the scattering cross-section with energyo 

Mesons 

Attempts were made to detect mesons in the re~antrant chamber of the cyclotron 
but the background was too high for practical cloud chamber operationo 

1N., Knable 1, Eo 0., Lawrence.ll C~ E~ LeithD B. J; Moyer 9 andRe Lo Thol"nton$ Bul., Am~ Phys. 
Soc Q F9"' Apri 1 29.~ 1948 
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2 o Film Program 

Eugene Gardner 

Observations on Tracks of Positive Mesons 

The mesons first detected at the l84=inch Berkeley cyclotron were known to be 
negatively charged3 since the apparatus was arranged so that negative but not positive 
particles from the target could reach the photographic plateso We have now aetected posi= 
tive mesons by placing plates i~ a position to receive positively charged pa~ticles from 
the targeto As in the (Case of the exposures to negative mesons 9 the target was bombarded. 
with alpha=particles of energy approximately 380 Mevo Ilford C~2 and Co3 plates and 
Eastman NTB plates 8 each of emulsion thickness about lOO microns~ have been found to be 
suitable for this useo The exposures to positive mesons are more difficult than exposures 
to negative ones for two reasons~ (1) Positive mesons which leave the target in the for~ 
ward direction of the beam are deflected by the magnetic field back into the region of 
the circulating beam,\) as shovm in Fige le Any apparatus placed closer to -~h~ cer>.ter of 
the cyclotron than the target must be designed in such a way that it does not out off 
the circulating baamo (2) Protons and alpha=particles from the target can follow approxi= 
mately the s arne trajectories as the positive mesons o These protons and alpha,=particles 
contribute to the "backgrounde9 of unwanted tracks on the plates o 

Two methods of making exposures to positive mesons have been succ;ess:f'ul enough 
to enable us to make a study of the positive meson traokso In the first methr.ld the plates 
to receive the positive mesons are placed below the circulating beam9 as sho~m in Figo 2o 
Mesons are received which leave the target moving at a small angle downward from the beam 
directiono Plates to receive negative mesons of about the same enet>gy and angvllar :t"a.nge 
may be placed on the opposite side of the target as shcrwn in the figureo Shielding is 
provided on the side from which the beam comes in order to prevent scattered beam parti~les 
from reaching the plateso For mesons which strike the plate at right angles to tb.e edge,9 

the energy :range is about 2=5 Mevo For meson trajectories at other angles the &nergy at; 
a given point on the plate is larger., so ·'that the energy range of the mes~on~ counted on 
the plates is not very well defined .. 

In a second method of detecting positive mesons 9 the photographic plates are 
placed in a position to receive mesons ~hich leave the target in a direction opposite to 
the beam directio:no The arrangement is shovm in Figo 3o Plates exposed in this way· hay::; 
tracks of negative msons along one edge 9 and tracks of positive mesons along the oppo.sitf> 
edge o In this method9 as in the preceding one 9 the energy range of the meso:o.s rec~:;ived 
by the plates is not well definedo 

'• Methods of detecting positive mesons in which the plates are placed at the 
270° or 360° pos.ition have been tried 9 but they did not seem to be as good as the methods 
described above .. 

The appearance of the positive meson tracks under the microscope is s:l.mi.l.at' to 
that of negative meson tracks: they have a characteristic grain density change along the 
track and a characteristic bending associated with small=angle scatteringo A measurement 
of the masses of the mesons can be obtained. by measuring the bending in the magnetic field. 

· of the cyclotron and the range in the emulsiono The radius of curvature of the mesongs 
'trajectory from the target to the plate is calculated from the position on t:he plate at 
which the track is found 9 and the angle whic:h the track makes wi, th the edge of the plate o 

• The mass determination has not yet been made with any precision; hawever 9 preliminary 
measurements indicate that there are two groups of mesons having masses of about 300. and · 
200 electronic masses respectively~ It is presumed that they are the same as thelr and 
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\.1 mesons described by Lattas 9 Ooohialini and Powell (Natura 160!) 453 9 486 (1947)),. 
Neither the heavy nor the light positive mesons initiate stars.,- Most of the heavyposi= 
tive mesons disintegrate to give observable secondary mesonso It is ·t:;hought that all 
of the heavy positive mesons give secondariesll but that in some ,cases the !'leoondaries are 
not seeno For all of the secondary mesons which stop in the emulsion the range is about 
600 mic:ronsj} corresponding to an energy of about 4 Mevo These observations of the heavy 
positive meson decay are in agreement with the 1i"' 11 decay described by Lattes 9 Oochialini.<J 
and Powello 

Exa."llples of disintegration of heavy positive mesons into secondaries are shcvwn 
in Figs o 4 and 5., Fig., 4 is taken from an Eastman NTB plate.9 and Figo 5 is taken from an 
Ilford Co3 plate.,. In each case the heavy positive meson enters from the bo·ttom left and 
slows dawn and stops., At the point at which the heavy positive meson stops a secondary 
meson is initiated'", moving toward the rightc 

By means of symmetrically placed plates as shovrn in Figo 2s •~ have measured the 
relative numbers of positive and negative mesons o The energy range studied is not as 
large as that accepted by the plates~ but includes roughly energies from 2 to 3 Mevo In 
this energy range 40 positive mesons have been counted as compared with 136 negative ones 
in au equivalent areao Of the 40 positive mesons 9 26 are knov~n to be heavy since they 
form observable secondaries o Some of the secondaries may have been missed9 so that the 
number of heavy mesons may be larger then 26., Mos't of' the 136 negati've mesons are hea·vyo 
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3& Theoretical Physics 

Robert Serber 

Calculations have been made of the angular and energy distributio~ to be ex= 
pected of the heavy mesons made by bombarding nuclei with a particleso In order to com= 
pare these predictions with experimental results:> corrections must be made both for the 
selective effect of focussing in the magnetic field9 and for the fact that the targets 
are not thin for the low energy mesons which are observe·do The experimental results are 
too scanty to permit anything like a detailed comparison~ but thin qualitative features 
seem to be satisfactorily explainedo Using the theoretical energy and angular distribu= 
tions 9 an estimate was made of the total cross section for production of mesons by 380 
Mev alphaso This was found to be lo-29 cm2 per carbon nucleus 9 or 2 x 10=31 am2 per 
nucleon=nucleon collisions in good agreement with the theoretical prediction by Horningo 
The difference in numbers of positive and negative mesons has been explained as an effect 
of the nuclear coulomb fieldo The magnitude of the effect is about right1 more detailed 
calcualtions have not been completedo 

Work is progressing on the influence of the shape of the potential on the predict
ed n=p scattering9 Calcualtions have been made for Yukawa» exponential 9 gaussian and 
square wellso Perturbation calcualtions 9 which show the effect of a change of potential 
at a given radJ.us have also been used to obtain more insight into the problemo We are 
now in.vestigating whether a. potential which is not so concentrated near zero radius as 
the more oonvential ones might g'ive better resultso 

The shape of the straggling curves measured in the stopping pow-er expe:t'iment 
with high energy deuterons can be fitted quite well to the theoretical curveso The com= 
pa:rison indicates that the deflected beam is liomogeneous to about 1 Mevo Evidence has 
appeared that the mean ionization'energy of non-metals differs from the linea~ law0 I~ I

0
Z9 

observed for metalso 

Work is in progress on the elastic and inelastic cross sections of nuclei fo:i' 
high energy neutronso Formulae for the cross sections in the case that nuclear matter has 
an index of refraction as well as an absorption coefficient for neutrons have been obtain
ado Comparison with the experimental results has not yet been complet,edo 

A good deal of 11-ro:rk has been done on synchrotron and cyclodrome prr·,biem~o 
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4o Total Nuclear Cross Sections For High Energy Neutrons 

Total cross sections of twelve different elements for the neutron be~ produced 
by: bombarding a one<=>half inch beryllium target with 190 Mev deuterons in the l84=in.ch- _ 
cyclotron have been measured with bismuth fission ionization chambers (l)o The ionization 
chambers employed contained several disc~ in line coated with la5 mg/cm2 of bismuth and 
ware used both to monitor the intensity of the neutron flux and to ded::;ect the diminution 
of intensity caused by placing absorbers between a monitor chamber and a detecting chamber 
ten feet behind the moni tor 9 all three in line with the axis of the collimated neutron beamo 

The linear amplifiers used to dat,ect the fission pulses were equipped with dis~ 
crimina tors so as to limit the recording of pulses to those greater than the value of a 
bias voltage select;ed by the experimantero The construction of the ~ha.mbers was such that 
the discriminator voltage was p:rop.ortional to the maximum energy of the fission pulses ax= 
eluded from our records 6 Thus.., in Fig .. 1 we see a ty'Pical integral presentation of thP. 
disbribution of pulses in ener.gyo The ste.bility of the amplification and discriminating 
voltage was e"dequate to insure accuracy of the data to better tha.'t1 .. 5% a.:s oa:n. be determined 
from both ·t;he stability of the amplifier voltages and the 1 .. 5% volt "'Tal~i.atiot.l. 'Jf count;i.ng 
rat€; w:Lth discTi:minator potential o DiscrJ.minator curves were taken for sever-al diffe:t:limt 
neutron. inten::d t:i.es in order to determine at what value of discriminator voltage the number 
of pulses due ·t.;o multi-coincidences of spallation reactions became a. measurable fraction 

• of the number of fissions in bismutho 

The geometry of the experimental arrag;ement was such that the solid e.ngle sub= 
tended by the detector at the absorber was o0003 steradianso The effect of mnall angle 
sr,at:taring on the ratio of detector to monitor was investigated by halving the di.stance 
between absorber and detector using both absorbers of lead and of copper o The resul'(;s 
of these experiments showed the change in the ratio caused by small angle scattering to 
be neglig:ible for absorbers. ·t\vo mean free paths or less in lengtho 

F'.t"om the n-:mtron spectrum and qualits:tive :ln.formation. o:r1 the var:te:ti.or~ o£ the 
bismuth fission cr·oss sect;ion with energy-, the mean energy of detection has been E:istima·bed 
to be 95 l\1evo 

The absorbt>:rs used :in cross section ms~>.surem(jlnt;s were all lass ·bhan. two mean i're13 
paths lc::1go The effect of background i:1J&iS in•rerd;igated by placir!g fourteen m.eat1 f'x·ee po.ths 
of various absorbers between detector and moni i.;ore The results ure shown below., 

Datecd;or 

950 f'issions 
0 

Monitor Absorber 

1000 fissions Ho absorber 
32{)0 14, meoo.1 i'ree paths of coppel' 

The hydrog~n cross section >'t~>B r;-,eo..s-urEld ty u.si!J.g lo9 na&n free path.s of pent~nJ.e 
and a t:.e,r{:·or... P:bsorber of m.ast> p~•r ·unit :~rea 6~]t<a.l to the m~lis of cal.~bon pe:.:" unit area 
irt t£~3 :.:r;~·-·~~~1~0 9 d.i!Jtrilru. .. ced o·tre:r tl1a SO.lllG letlg"t!.a.o Tti.r· ·'~;.)cill1l.(lUe ol·.f"''ie~t0;es ttJ.e Jl·9CM.;;?r;~i·t;Jr 

of' a ~ .. t.mg; .;H><:m:!:;ing int<::;rvs.l vrH;hou!o;; alH;crb.sr "Go d-a"·c.,rln.i1~.::'' t.he ::.>ross ~:u:::>tions of ·ooth pe:r1 .. ~ 
-- (:..!10 f..U: ... :l (~v .. :.LiJc:rl l.:r.;.ct-::r~:!llde·J.ltl~,r SJ ns 011~l~r ~o\xnt~i.ug i:t:t:terval;,:. 1Jrnp1nJ-,..ir.:..g ptJ11i.:t~~~i6· O.l1d carlJon. 
are r.~.~,:;edslio We r-<.n-) thus able ·i:;o t'-::jpla.ce a counting il.1·be:~:"Y&l ~t;·ith no e}.)SOl.'be:t'"' which i:u 
practice ·;;ould not have e.n e:~.·ror of less than o4% 9 by c. ph;ysice-1 measurement of me.ss 
easilJ-' F-'.iSzmr-e.te to one par'!:; in 10 9 000 o This measurement mus·b be me.cle >vi:bh ex·tlt"eme 
e.ccure.oy in. our cas0 where the cross section desired is a small f'reJ.::tio:r.:: of the oarbon 
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cross section.. The difference between the deuterium and hydrogen cross sections was 
determined in the same manner by using equal numbers of molecules per unit area of D20 
and H

2
0o 

The results are summarized in Table I below., 
are plotted in Fig .. 2 as a function of the cube root of 
is defined by !fir 

R"" _I_ 
21T 

The radii of the various nuclei 
the mass numbers» where the radius 

Justification for using only two mean free paths of material to measure cross 
sections is obtained from the absorption curve of Fig .. 3 which shows no deviation from 
an exponential decrease in neutron intensity with absorber thickness .. 

Table I 

TOTAL CROSS SEC'I'IONS FOR 90 MEV 1~UTRONS MEASURED :Vn:TH BISMUTH FISSION CHAMBERS 

Elements Total Cross Sections Collision Radius 
rT X 1024 cm2 

Hydrogen .,0745 ;!: o002 bo 
o073 :t .,003 1.,08 ± o0l4 

ol05 + o004 = Deuterium 

o396 + o004 = 2;,51 :!: .,01 Beryllium 

.,502 + W04 ~ Carbon 

.,502 + .,005 = 

.,501 + .. oos· = 2 .. 83 :t; .. 01 
o490 + .,004 = 

Nitrogen .. 570 :t o007 3 .. 01 !t .,02 

Oxygen .. 6S3 :t .,007 3o25 :t o02 

o993 <t> .. 011 = Aluminum 3o98 ! .,02 

lo28 + o02 Chlorine 41)51 + o03 = 
2 .. 00 t .. 02 
3ol3 ± .,025 

5 .. 64 :t .,03 
7,06 ± o03 

Gopp~e~r~------------~~~~r-~~------------~~~~~-------
Tin 

4o38 + .. 03 = 8o35 + oC3 = Lead 
+ + --------·~------------------~------------------------~----------Uranium 

Deuterium minus 
Hydrogen D=H 

4o89 

Oo031 

= 

+ = 

.. oe 8 .. 82 = o05. 

e002 
Compo_un __ d_s __________________________________________________________ _ 

H20 .. 815 t e005 
o807 + .,005 = 
.,868 :t .. 005 

3 .. 40 + .,OS = 

3 .. 37 :!: o03 

5.,61 + .,06 = 

5o37" ~ o035 
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5o Cross Section for the Reaction cl2(ne2n)cll 

Herbert F o York» Robert Mather 

We have compared the cross section for producing ell by the ne2.n re~ction on 
cl2 with the differential n-p cross section at a fixed angle o This has been done. at 
40 Mev and 90 Mev and the results ha~ been compared with a theoretical curve giving 
the relative cross section as a function of energyo 

E:x:pe~il!:,~D;~al Arrangement 

A gmall polyethylene disc weighing 250 mg/cm2 was placed in the 90 Mev neutron 
beam and bombarded for twenty minutes o A proportional crounter telescope with a 1" diaphram 
in fron.t was placed .facing the disc along a line making an angle of 250 with the neutron 
beru110 The dis'l;a.nce from the disc to the diaphram was 81 cmo All the protons from the disc 
which passed through the diaphram and had more than 48 Mev were counted for the entire 
bomb ard.ment:; o By making a second run with no s c atte rer $ and using the usual methods of 11-p 
scatt.ering the number of protons produced by n=p collisions during the bombardment was 
determined o 

After the bmnbardment 9 the polyethylene target was placed under a Geiger counters 
and :i.ts bet,a @.eti vi.ty was determine do The counter was calibrated by a standard uranium 
source, A 4 mg/cm2 polyethylene dlsc was also bombarded in an intense neutron beam :simul= 
·taneously vvi:t.h on9' of the 250 mg diso;s!l in order to det.ermine the correction for beta 
absorption i.n i;he 't;hicker disoo It was necessary to use a thick disCJ in the runs made with 
thE'; p:roport:ior..1.al c;ounters because of the low intensity of the neutron beam outside the 
con(7Jrete .shield.J.nge 

Th:ts procedure was repeated three times at 90 Mev- then twice at ·40 Mev~ using 
an angle of 30° and appropriate absorbe:ro 

Calc~·Ucn of the cl2(n3 2n)cll Cross SectioX: 

above a 
The numbe:t" (N. ) of protons per steradian per second from the CH2 target at 25° 

certain energy 1
) Emin is given by· 

N :=il n I;E) (J ("'!,) E)dE (1) 
p H :np T 

E ~ 
m.~-n. 

where 
nH "" Number of H atoms i:n the CH2 disco 

) l\f(E) "' Neut:t~on flux in a bsam of energy Eo 
cr;.1p(~ 9 E) - Differential orosa~sectio ... 1.n the laboratory syst,em 

for the scattering of' protons into the angle ~ at energy Eo 

Since in the :n=p sGatte:ring; e:x:perire.eni:; an a.v€:rage 0"". ,(..!..) ov~;3r th<s. 
b , . ~ •·· , d , ~ n· " ... , . l:lT 't' , u·v1.0U c:L n:.>UIO~"on ef.letgles ns use 1n .;,,. Ls 0xpe:r:.t11lf6'Xh· ns.s bc~en llleasu:ret,v vva 
bhe 0";1p(~~E) above by a=;:(,.._; and :rsmo·ITG 1 t from ·the integ:ralo IIenos, 

Il.p 'f'J ·OQ 

N "" "'i ·~;'i.:fi· , .N(E )' dE p '"II np''l'' E , 
• · m1n 

(2) 

s am.e d:ur\~)~ :t ~· 
may rapla0e 
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Similarly9 the production of ell per second (N
0

) is given. by 

N
0 

~ n
0 
fo7l (E)N(E)dE (3) 

In this experiment» because of the spread in energy of the neutron beam used9 

it is possible to calculate O::u only if some assumption about the shape of ~u(E) :ts made .. 
Two such shapes have been use~, namely9 the theoretical Otll"VS.0 and the curve J-011 05 constant 
over the energy distribution of the neutrons at each of the two energies used .. 

If we assume the shape of the theoretical curv'Ei to be correct 0 ·then 

cr(E) • K f' (E) and N
0 

• K n
0 
fc;)N(E)dE, ( 4) 

where n0 "" number of C atoms in the disc, and f(E) "" relative value of ~ll (E) as given 
by cu:rve in Fig .. L Thus roo 

or 

N0 .,. K .).. f(E)N(E)dE 
'Np 2 (Y. Cq>)-~ (5) 

np .J!~!Bmrn-·J. 

0 
2 

(6) 

If we assume OCll to be constant over the neutron energy distribution used9 then 

~ 011(E) ,., 2 cr;(~) ;c o 

. p 

N(E) for the 90 Mev has been measured and is shown in Figo l.o N(E) fo;r 40 Mev 
is the theoretical curve calculated from the st:r'ipping process and is abo sh,,wn J.n Figo 
lo Any low energy tail on N(E) at the lower energies would not aff~ct the experiment, 
since these neutrons would produce neither Clounta.ble protons nor ell o 

One ~heck on the theory i!ll to find whether K i:s the sam.e (or nea:l.'"ly ;:.o) at 40 
Mev and 90 Mev .. 

Np is gi van by (7) 

where N
0
H

2 
g Number of proton counts from a CH2 dis~o 

NB ""' Number of proton counts with n.o disc., 

Mon0H
2 

""' Number of monitor counts during the bombardment of Cfl2o 

Mo~ "" Number of monitor counts during blank runo 

Jrl ~ Solid angle subtended by proton diaphrwno 

tb ~ Duration of the bombardmento 

c "" constant$ determined. from n=p expe:r'imen'cs giving the fraction of 
cm2 protons due to H> c "" 0 .. 76 for 25° and 90 Mev9 c = Oo92 for 30° and 40 Mevo 

"" g (8) 
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where g is the factor correcting for the g~omet:ry of the counter.~~ as determined by c?m
parison with a standa:rdo g = 166 for the set up used., In this :relationship 

Ng =Number beta counts during the total beta counting time.tgo 
tb = Bombardmeh~ time 
ti = Time between the end of the bombardment and the beginning 

of the count~-
Nb = Background counts for time tg" 

In the experiment.~~ t was about 1200 seconds., Ng was twice btlckground in the 
case of the 90 Mev bombardment~, and three to four times background for the 40 Mev bombard
manto 

A typical set of data are 

t ""300 
Average -E of neutrons = 40 Mev 

Emin = 28 Mev 

c (Ncn
2 

= N · · Ill1oncn2) = 1480 
B MonB 

.n. "" o763 X 10=3 

tb = 1200 sec 
Ng = 1600 
Nb "" 525 
ti "' 300 sec 
tg = 1524 sec 

The ratio of the integrals in equation (6) has been calculated numerically and 
is 5o22 for the 90 Mev bombardment and 4.,16 for the 40 Mev bombardment .. ----

The values of Nc for the five :runs made a:re 

Np 

Run 

I 
II 
III 
IV 
v 

Average 

With these yal ue s and 

Oo480 
0.405 

0.,480 

0&455 

*These values are at present only tenta:bi:ve 

.. 

N
0

(40 Mev) 

Np 

0.238 
Oo239 

Oo238 



we get 
K40 Mev = 96 
Kg0 Mev = 123 
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Vfuile these two values of K are not identical 9 they are nearly so~ compared 
'to'the ratio between the cross-section at 42 Mev and 90 Mev from the theoretical curve 9 

namely 2o7., Using the values of Kv and the theoretical f(E) we get 

GQ11 (42) 37 millibarns 

6Qll (90) 17 millibar.ns 

Assuming f(E) to be a constant over each neutron distribution~ we get 

O""'cll ( 40) 23 millibarns 

~11 (90) 18 millibarns 

However9 since the neutron energy distribution at 40 Mev extends approximately 
from 27 to 51 Mev9 and O'(;'n(E) must be quite small in the low·er part; of this range and then 
decrease again at higher energiess the existence of some sort of peak in the region around 
40 Mev is quite pxoobableo 

Errors 
N,. . 

The mean deviation from counting errors in determining the ratio it~ is 6% at 
each energyo The errors in the absolute di:E'ferential n-p cross sections P are about 
20% 9 though probably somewhat smaller relat;ive to each other since each was determined 
in th: same wayo. The ~ll(E) is"flat in the high energy region theoreticallyJ and hence 
the hnal error l.n %'nC90 Mev) ls about; 20'foo 



v 
(/') 

C.:> 
>-, 
l.. -_.._ 

< .J 

• ... 
(~: 

v. I 

.l' 
.. ·'"'" 

0 

/ 
V--.. ...... _ .. _ .. 

20 

(\ Theoretical ~="xc.i frtt ·nr: f. • n c. :~ i -:; ,·, . t.- . '"".· I \-..• i 
; 

\ fCE.): fer C 1 ~(n)Zn) C<i and tr(' 

I 
E:-eray s,_, ect r:J of the N (=''..It} c ti - ·' 
.B eo l"r. s Us {_·:J 

/ -- fCE) 

\ ---- ~ ~I (-' 4-. l·ll: \.' Be .) , n ·.1 :_ ,I 

--- j;,, ! :: ' u M ~-v r~.e:lm J I ~ ;::_ 

I \ 
\ 

I ~ I 
~ 

1/--
"'----

...... , ..-
""' / 

' / ', ' 
' ,' ' \, ' \~ 

/ 
,.~ 

\ .. / 
' / '\. ' -~ 

I 

' --- ', ' .... . ......... 
~-------- --·~ .. 

' ......._ 
~-------

... 

I 
... ... ... .. --- -

40 
Bombarding 

60 
[nerg~ 

80 100 
in MEV 

.. __ 

120 

12713-·1 



UCRL-167 

=15= 

6o 90 Mev Neutron Absorption and Scattering Cross Section 

Ao Bra.tenahl, Ro Hildebra.nd9 Co Leith9 B .. Jo Moyer 

The measurement of the angular distribution of elastically scattered neutrons 
from Al, Gu a.nd Pb using the cl2(n»2n)cll reaction a.s a. detector ha.d previously indicated 
tha.t the scattering cross section was greater than half the total cross sectionG 

To check this result the angular distribution wa.s redetermined using a. coinci
dence telescope of proportional counters detecting the recoil protons out of paraffin .. 
The essential change in this mode of detection consisted in raising the threshold of the 
detector from 20 Mev for carbon to 60 Mev for the coincidence counter.. The results of the 
measurements with the two types of netectors agree within probable erroro Angular distri= 
bution curves from these studies have been presented in a. previous reporto The approximate 
congruence of the curves obtained with the two detector thresholds suggests tha.t inelastic 
events yielding scattered neutrons over 20 Mev must be relatively very infrequento 

To investigate further the relative contributions of elastic and inelastic pro
cesses to the total cross sections~ an attenuation experiment wa.s carried out using carbon 
detectors to determine simultaneously the good and poor geometry cross sections o. The ex
perimental arrangement is shown schematically in Fig .. lo The ratio Dl determined approxi
mately the absorption cross section; D2 the total cross section; D2 M ·t;he elastic scatter-

M . Dl 
ing cross section.. Actually, the cone angJ.e $0 was chosen to include all of the central 
peak of the elastic scattering distribution but omits part of the contribution of the wings 
of the distribution at large angles o Thus the poor geometry attenuation lacks the contri
bution of elastic scattering which is just the amount of scattering through angles greater 
tha.n ~ o The purpose of this limited geometry tends to a.llov.r a comparison to be made be= .. ·· 
tween the elastic scattering cross section obtained from this experiment and the cross 
section obtained from integration of the differential scattering cr,oss sections out to (90 
which was the practical limit of observation in the angular distribution experiments o The 
effect of the limited geometry is that it yields only an upper limit to the absorption 
cross sections and a. l:ower limit to the scattering cross section, but the good agreement 
found be~reen the two independent experiments indicate these limits are close to the true 
values o 

An estimate of the correction due to the limited @3ometry was made by measuring 
the differential cross section out to very large angles with the proton recoil ccincidence 
counter arrangement.. An a.ddi tiona.l correction was made on the b a.sis of an es'timete cif' the 
contribution of detectable secondary particles registered by the detectors in the differ= 
entia.l cross section measurements o Experimental data for this estimate came from studies 
of high energy protons emerging from elements bombarded in the neutron bea.mo .The results 
of the attenuation experiments are as follovrn,_the second figure in each column represents 
the cross section corrected fdr limited geometry and secondary production processes. 
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Absorption Scattering 
Element Uncorrected Corrected Uncorrected Corrected Total 

Al Oo46 ! Oo03 o40 ! o03 0.,66 ;!: Oo03 .e72 ± o03 lol2 ! Oo02 
Ratio to total l. ~ ~36 o64 

1 .... 25 + o06 1..35 + o06 2ol2 + Q04 = = = Cu Oo87 + Oo02 o77 ! ·.06 
Ratio to total ' o36 o64 

2o82 + Ool3 2o94 ! Ool3 4o53 + Oo09 = -Pb lo7l ::!: Doll lo59 :::Doll 
Ratio to total o35 .. 65 

These experiments indicate that the elastic scattering cross section is indeed 
larger than the absorption cross section; and the scattering cross sections here given 
are in reasonable agreement with those obtained by integrating the differential scattering 
cross sections previously measuredo 

• 
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7o Deuteron Range Measurements 

Introduotion 

Range and relative stopping power measurements of the full energy deflectedl 
beam of deuterons from the 184-inch Berkeley cyclotron have been made in conjunction with
range-energy calculations made by Smith2 of Cornell and by Wo Aron 0 Bo Hoffman$ and others 
of' Dro Serber 9 s Theoretical Group hereo 

The experimental method is essentially the same as that used by Wilson3 (see Figo 
1) end consists of measuring the relative ionization of the deuterons for given thicknesses 
of absorber~ then plotting the Bragg curve o The range of the deuterons was measured i.n 
aluminum0 and the stopping power of elements relative to aluminum was measured for several 
elemEm'bs ranging in Z from Be" Z = 4~ to U" Z "" 92 o 

Theoretical Considerations 

It suffices to present here merely the ~ equation4 and a brief description of 
the method used by Arons et alo in obtaining theo~tical values for the range·6nergy rer 
la.tionshipo The method is treated in detail in unpublished wclt"k of the Theoretical G~oupo 

\ 
Assuming that the energy loss of charged particles passing through matter is due 

to the ionization and excitation of the atoms of the substance traveTse·i.9 a.r.i.d. further.' that 
the na:r.ticle energy is much greater than the orbital electron velooities i.-e, -+;he s·t;opping 

matarial, tho ener~~os~ ~:~ :~: ~~:::· per c::r;:~:~:o~:2i.J (1) 

where, m is the electron mass~ v the velocity of the charged particle o:f' ta}"orr":iCJ :w.l.m.ber z2 .o 

z1 is t.he atomic number of the stopping material containing U atoms pet' can.0" I ii$ the a-v-er= 
age excitation energy of the atoms of the stopping material~ e and {3 have thei.:il." 11sual sig= 
nificanceo 

The theoretical range-energy curves were obtained by numerie;al integration of' (l) 
with constants of integration being determined from the low ene:r·gy ('-8 Mev) experimental 
results of Wilson3 and Mano5o 

Apparatus Description and Experimental Technique 

Referring to Figo 1~ which shows the apparatus schematically~ the detector ioniza= 
tion chamber is a. thin. ( o5 inch) air filled ·Chamber with a. o0005c~ aluminum foil front wall 
and a l~·inch diameter collecting electrode o A monitor ionization chamber was placed in 
front of the absorber and this current read simultaneously with the detector oha.i'llber ourrentt> 
thereby ~li.mi:nating the effect of beem fluctuations o The monitor chamber i.s a l=in.ch thick 
air filled chamber with thin walls ( o002Ull) thus reducing the beam energy by a small amount o 
Monitor and detector chamber currents were :measured by two RoC oAo Ul tra-·Sensi ti ve DoC o 
me·ters$ the detector to monitor ratio being plotted against absorber thi<:lk:nes;') to give the 
Bragg curve in Figo 2 o 

·Due to the dangerous level of' radiation near the apparatus when 'the beam is on~ 
the metering was done remotely and the absorber wheel was rotated remotely by means of a 
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selsyn systemo Figc 3 is a picture oft the apparatus in position@ ready for operationo 

The relative stopping power measurements were done by working approximately at 
the midpoint of the steeply de~i~portion of the Bragg curve (see Figo 2) and directly 
comparing relative ionization values of several aluminum. thicknesses with a given thickness 
of the test elemento In this manner a direct aluminum equivalent of each element tested 
was obtained., 

Results 

Since experiments are not yet completed@ the results given ,here are preliminary 
and no attempts have been made to assign errors to the varues giveno 

A typical experimentally obtained Bragg curve for deuterons in alum{num is shown 
• in Fig o 2 From twenty separate determinations of the Bragg curve,!< the a·verage mean range 

of the full energy deuterons from the 184-inch cyclotronin aluminum is 18.,70 f'Jfl.s/~m2o By 
assuming the range-energy values of Smith to be oorrect9 it is possible to estimate the 
energy of the deuteronso The energy determined in this manner is ~194 Mev and is in good 
agreement with the Hp energy calculations made for the deflected beamo The r'co·t mean square 
of the straggling is -1 Mevo 

The stopping power data is treated in the manner used by Wilson,0 that is 9 the 
stopping power pa:r electron of the various elements is comp:~ared ;with tha~4:< of aluminum., 

Defining ( D.R Q Z/A) Al 

q "" (~R o z7A)X-

where~ ORAl is the aluminum equivalent thickness of a thickness ARx of e!_;;;r,1e:t\"t; X.9 and plot= 
ting q vs log Z the very good approximation to a. straigh·l:; line shovvn in Fig;o 4 is obtained., 
Work is being continued on some other elements 9 principally nc.m-co:ndtll:rt;r.n"IJ,, >lt1.dl <m the 
elements shcrwn to obtain better statisticso 
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So n-p Scattering and the Distribution of Fission Fragments 

from High Energy Neutron Fission 

.... 
Eo Segre 

In the last three months we have completed the experiments on n-p scattering at 
~5 and 90 Mevo A comprehensive paper on this subject has been prepared for publication~ 
and since it is expected that it will be ready for declassification within a very short 
time, it will not be reported heree 

The study of n~p scattering is part of the study of the interaction between 
elementary particlese We hope to complete it with a study of p=p scattering by techniques 
very similar to the ones used on n-p scattering as soon as a deflected proton beam becomes 
available. 

The n-n scattering» necessary to complete the picture~ cannot be studied directly, 
but a study of p-d and n-d scattering combined with n-p and p-p scattering data may probably 
be interpreted theoretically to deduce information on n-n scatteringo Elastic scattering 
should be investigated first and inelastic scattering possibly later,. Plans for experiments 
on this subj~ct have been and are under studyg At present it seems that the most promising 
line of attack for n-d scattering may be to scatter the neutron beam in deuterium in the 
cloud chamber; an.d for p-d scattering to bombard hydrogen with the deuteron beam and use 
counter techniqueso 

We have also started an investigation on the ionization produced by single fission 
fragments 3 when the fission is produced by 90 Mev neutronso The curve relating the number 
of fragments with the ionizatlon produced by the fragments has characteristically two peaks 
if fission is produced by low energy neutronsQ With high energy neutrons the two peaks 
merge into ones in agreement with what is to be expected from the previous findings by the 
chemical investigation of the distribution of the masses of fission fragmentso The maximum 
energy spent by a single fragment and the average energy of the fragments do not seem to 
differ materially in the cases of 90 Mev or low energy neutron fissiono This fact is sus
ceptible of various interpretations and only further experiments can tell which one is to 
be accepted.. · 
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9 o The Half Lives of Aluminum25 end Aluminum26 

Hugh Bradner and J o D.. Gow 

. ~ge availability of separated isotopes of Mg makes it easy to determine the half 
life of Ji.l $ a member of the Wigner series whi~h has long been suspected to have a half 
life of approximately 7 seconds 9 but which has not been confirmed because of the masking 
7 second S,ctivity of Al26 o · · · . 

. Mg24!Y Mg25 and Mg26 (in the formof MgO) have been bombarded with protons from 
the Berkeley Linear Accelerator9 with the following resultu 

. .· . :M~4 yiE)lds. an activity of approximately 23 seconds half li~D presumably due 
to Na21 from the ~action Mg24(p 8 a)Na2I., · 

· The Mg25 yields an activity of approximately 8 seconds half life 9 which we assign 
to the reaction Mg25(p 9 n)Al25o 

The Mg26 yields an activity of approximately 6 seconds half life 0 assigned to 
, Al26 according to. a similar reactiono 

It ·seems probable therefore t~at the 7 seconds half life normally gi~n for Al26 
is a mixture of these two activities o 
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lOo Evidence For a p~d Reaction in Carbon 

Wolfgang Ko Ho Panofsky and Rober·t Phillips 

The reaction cl2 (p 9 pn)cll has been investigated at proton energies UJ? to 140 
Mev in the l84=inch cyclotron by Chupp and McMillan( 1) and McMillan and Miller\2) ~ both 
as to exci ta.tion and absolute cross section" 'J?he high energy behavior of' this rea.ction 
is taken as evidence for the ideas of Serber(3J explaining these proClesses by a direct 
k:nockout 9 rather than a compound nucleus process o 

In this experiment excitation curves of this reaction were obtained in the region 
from threshold to 32 Mev using the Berkeley linear acceleratoro Stacks of polystyrene 
(CnHn) foils were bombarded in the beam of the accelerator; specially molded lO mil (25 mg/ 
cm2) foils were used from 32 Mev to 21 Me·v, c.ommercial 5 mil md 2o5 mil f'oils vrere used 
from 21 Mev to 16 Meve All foils were weighed and calibrated for unif'ormityo The (3+ from 
ell were counted in standard geometry in a thin window GoMo ,.1\i'ounter and compared with a 
U02 standard sample o The resultant cu!"Ve is shown in Figo lo The absolute cross sections 
were obtained by bombarding a foil at 32 Mev in vacuo and collecting th~ pwoton$ in a 
Faraday CUpo The beam passed through an open cyli.nder maintained at 8 9 000 vclts in going 
.from the sample to the collector cup o The ourrent to the cup was integrated on a low 
leakage condenser and the volt'age read on e. balanced electrometero The entb''B ·::::lectrl)met::er 
apparatus is: in ve.ouoo Bombardments were also made ·with the sample lot.)ated directly ).n 
the collector· cup and gave results in agreement with the results obtai~1ad wnen bomba:t"ding 
in the bearrt ahead of the secondary electr'on suppressing cylindero The resttlb is 

The probable error is entirely due to the problem of absolute evaluation of th~ {jure.y 
standardo Further work on improving the precision of the absolute 13+ CJou.nt. is pla."lned., 
The internal co:usistan.cy is :t .,0004 barns o·ver 8 runs o 

The energy sca;re in Figo l was established by the use of a ranr;~·~··., _:E-l'."g,y :::-eJ.,.,,r~s.on 

in polysty-rene as oomputed hJ Mh Henrich of "Chis laboratoryo Tc e.heok the ·.oorrectrl.ess 
of this relation.o a run was made substituting Al Absorbers( 4)to en.Si"gies dovrrt t.o ZO Mev 
and using polystyreme absorbers below this pointo The reaultant polnt.s 9 r2;hown by X i;1 
Fig. 1 9 are ind.i.st:i.nguishabla f:rorn the polystyrene abso·r'ber pointso Th~1 ra.n~=e:t:er'gy· 

relation was oheoked also by absorbing the 32 Mev beam. down t:.o the tht'e<~hold of the 
Bll(p~n)cll reactic·n which was found to be 2 o97 :! ol Mev by Ha.xby ~ Shoupp 9 Stephens a~d 
~Vells(5) o We obte.in 3o0 ~ o3 Mev indicating that the accuracy et: the end poi11t of i;ha 
cl2~cll reaction is of ·the order of ± Ql :r.~evo The outpu:t en~Sr·gy of the linear' aooelt:~:t"a= 
tor is infarred from f'requeflC.Y end drift tube dlmonsions to be 32 oO ! .,l. Mev D au ax:f;r"e= 
polated range measurement in Al gave 32 ol t ol Mevo 

If W<.:< assUllle that the threshold of the r eHction ~s 
bt9 locatad f:r'om t:r,e maximum of the second deA~ivati ve CLirve o 

of the reaction at 
l8o5 ! o3 Mev 

sharp~ th.sH t};J"~ thre.sr~ol·'. c:<-...z.• 
(FiGo l) V'fe pla•::.e ·the bln"·nhold 

If we "bake the rr:uat>S of ell to be lloOl.Oqp (in ngra:.,n~·.:l.t>i:. liJJ .. th uh .. threc;:~,,Jld(5} of ilo9'7 M·'>V 
fo:r· Bll(p"'n)cll,) ar;d. the ~· c.::d=}·Cirrt;(6) fxorn ell cf o85 Me·#·). the (.;;ali~ulat;:;d, th:t'BShold. o:f: 

the reaction cl2(p 9 pn)Cll csorrec.ted for rsaoil@ is 20oZ Mevo The earl:lfH"' ''J<i.lU<HJ gi'1J'e>:t 'by 
Livingston a...'ld Betha and BarkasC?) foJ.• the ell ~+ o::l':nd"'"fl'1int arid the mass o.f' ell a:re abou:t 
o3 Mev higher but are based on ee.rlier rr~asurernents(8) probably· aff'ected by IiJl:J ~Jontami= 
naticno This means that the reactd.on cl2~ ell must bo a (pDd) :reaction.~ :r·athex" tharJ. 
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a (p 9 pn) reaction.9 a.t least near the excitation thresholdo The unly other instance of 
a. spocifi0 deuteron yi.elding; reaction. known is the rec..ction Be;1(psd)Bt:J8 (9)., Cosmic rey 
evidence in photographic: plat~5s(l0) me.kes it appear that such an oyen.'l:; is also possible 
in h:l.gh energy processes without breakup of the deuteron .. 

If the incoming proton were captured by ·the C nucleus, tho resultant excited Nl3 
would strongly favor energetically the re-emission of a proton over the emission of a 
deuteron or neutron.. The cross section of the p,d reaction by a compound nucleus process 
should therefore be much smaller the.n the values observed.. The process il'l therefore likely 
to take place by a d:trect interaction, e .. g., by direct ejection of a doutoron and s'l.lbse,quent 
decay of proton unstabh~ Nl2 ~ 

( 1) 
(2) 
(3) 
(4) 
(5) 
(6) 

( 7) 

(8) 
(9) 

(10) 

Cl1upp and 1\11cL1illru1, Phys. Rev. 72, 873 ( 1947) 
].[(:;Millan and Miller, Phys. Rev., 73 11 80 (1948) 
R. Serber 9 Phys .. Rev .. 72, 1114 (T§:47) 
Je H. Smith, Phys. Rev:-71 1 32 9 (1947) 
Haxby, Shoupp,. Stephens and Wells,~~ Physo Rev. 58l> 1035 (1940) 
Delsasso~ Wh:l.te, Barkas and Creutz.l> Phys o Rev.58~ 586 (1940) 
Siegbahn~ Arkiv. Mr;>.!c .. ll.str. Fysik 30A11 No., 20,1) tl9<14:) 

, 3'0:8~ Ho .. 3~ (LA,,i) . 
Living;l:rtion and Bethe.., Rev .. llodo Phys." 9.~ 245 (1937) 
Barke.s 8 Phys. R:::rv. 55~ 691 (1939) - ·· 
Fowler':> Delsa.sso andL<::.uritson~ Phys, Rc:;v .. 49.~ 561 (1936) 
Allison" Skaggs :s.nd SmiJch, Fhys. Rev. 511~ 1.'71$ (1938) 
J., So Allen~ Ph.yso Rev. 51~ 182 (1937)-
LePrL'lce-Ringuet,~~ Cosmic Ray CorJi'eronce 9 Pe.se.dena, Jtme» 1948 
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II o ACCELE;IU.TOR AND CALUTRON O..'PERATION AND DEVELOPMENT 

lo ~~inch Cyclotron 

James Vale 

Proton Conversion 

The proton conversion unit has been assembled and vacuum tested as far as possible 
before· its installation in the cyclotron tanko At the csompletion of the vacuum tests~ the 
new dee was installed (see Figo 1) on the unit.~~ and dummy pole pieces were built above and 
below the deso This structure is ~eoessary for the radio~frequency test >'ih:J..ch is now in 
progresso 

The proton conversion rotary condenser has 
diffioul't:ies encountered with the present condensero 
elimi.nated in the rotor. (see Fig., 2) o 

been designed to elimina~t.e c~rtain 
All water c:ooled i:nsulato:.n1 hB.ve been 

The osc:illator· 9 as in the present system9 is housed in a remcrva.b:~e ;,;;··..:1:\;; (see> 
. Figo 3) o It i<S planned to install the proton unit irmn.ed.iately upon t:1cmp:J.e·t:1..:.:n uf' the re.dio= 

:f'reqtlenrcy tejsts: o 

During oertain runs: in the past" involving the neutron berun (xut:;i.G.'"" ·f:.hc ;;.oric':r<'!>tG 
shielditt.g 0 bu.t inside the buHdings the neutron beam was allovred to e:m.er·g·, 2t:r ::~ th•:: bui::;,di:ngo 
A barrier ·to this nev.tron beam has been constructed and consists of e. blc<:'." 'i. c.r;:;.:o;:rt'lt$ 

placed just inside the wall of the buildingo Tho beam level just outs:d~ '1·.(.,. ~· .li~dl.o:,.g at 
this point is now reduced to an extremely low valueo 

~escO£:: 

A second telescope has been constructed for further ee.se of' alignin.g equipment· 
in the neutron beam.o This telescope fits on the neutron bench and is light enough so that 
i·t can be removed. after use o This telescope can be used. for aligrl.ID.en.t with i,:;he t-w-o neutron 
beams that are availableo 

Stainray to Top o.f Magnet 

A permanent steel stair-..vay has been built to p:t"ovide access t;o t,he art's. on ·te'p, 
o:f the l84~inoh magnet., This stairway eliminates the hazard:s that 111rere present with the 
ladders used previousl.yo 

T'De concrete blocks for the pe.nn.anemt douteron "'ave; have been. deeignt:H~ o The 
-permanent ca."'le vri 11 have a concrete roof and thu.s allnv1 use oi' the overhead C'·'!:'a~~ during 
those pel:·io~'Ls: i:r::1 whic'h the deuteron, beam is brought. out or the tank., In addi+.:ion,, during 
these periodoa the roof' shou.ld reduce still .further the genel"a;l 11e>ut:r.·ox;, bac;,kg~~o•.u: •. O. in the 
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build:lng;o The cave will h£..ve five .feet of concrete in the wells with three :t"'eet thick 
roof block::.~ 

During the oourse of the meson experiments 9 it was i'ound that a monitor other 
t.han a Zeus meter is necessary for the proper resolution of the alpha and deute:r"on bee.ms o 

Therefore,') a monitor was constructed which takes advantage of the fact that at any one 
radius t,he alpha beam has one 5 ·half the range in a. given material of the deuteron beamo 
This probe allo·ll'tS two currents ·t;o be read simultaneously and operating conditions can thus 
be adjusted to discriminate one beam agaj_nst the other o Furthermore .9 this monitor has 
been installed permanently inside the vacuum tank and can be inserted i~1to the beam by 
means of a coil mounted on ito 

A fast: acting holder for targets on probe heads has been de;,,..!)1opt-"':i to mi:z.:.imi:;d 
handling 't.im.e of radioactive targets after bombardment in tb.e oycd.ot:ro:no T.l~,se ta.rgats 
are held on the probe by spring acd:;i.on rather than screws and can be :simp 1:y ~lip:ped r.·ff 
the probn ~~ith a long handle n This will reduce exposure to radi&:':;ion a.~~d.t: :s '"h",} -~ra.::".u:.fer 
of .stu'<h ·r:a:rg<=~ 4.:;s o 
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2o Synchrotron 

Marvin Martin 

During the past quarter. the magnetic measuring program was completed and a 
considerable period was spent searching for a Mev betatron beam without successo Various 
experiments were performed in an attempt to determine the reason for this failure. and 
three possible uauses discoveredg 

(1) A really satisfactory vacuu.m was never obtained although operating 
experience with other beta.Y,rons indicated that there should have been some beam at the 
synchrotron operating pressure., 

' (2) The magnetic field adjustment was made in accordance with the theoretical 
requirements andwas designed to eliminate azimuthal variations of low harmonic order 
rele.ti ve tot he frequence of revolutiono According to the theory" the effect of varia= 
tions of a high harmonic order should be greatly attenuated and the correction of these 
errors was not doneo S£nce errors in magnetic field of+ 100% of the field at injection 

.,_ are. encountered~ it is possible that the assumptions whi7h permit these variations to 
exist are not valid and it is planned to reduce all magnetic field variations to approxi= 
mately 10% of the injection fieldo • 

(3) On dis=assembly of the machine~ it was found that an insulating varnish 
had been deposited on part of the surface o.f.' t;he c o:nducting foil inside the vacuum 
chambero It. is very probable that this varnish c 0uld support a static charge vrhichwould result 
in the loss of the beam after a few revolutionso This theory is supported by the obser= 
vation that after a short stand=by periods the first pulse of electrons to a probe 
315° from the injector was much larger than subsequent pulseso 

Numerous experiments were performed using a curTent collecting probe as a 
monitor and adjusting compensating coils to make the electron orbit follow the vacuum 
chambero Retractable vanes wer.e placed at approx.imately 45° intervals around the orbit.!> 
and the vane radius for maximum attenuation of the electron current was observed in 
making the ad,justmentso--1-t-wa-s -f-ound-t-ha-t- the orbit. could be circularized w ithconsid= 
erable accunwy by thts method. The correcting coils which were available for use.!) 
hovreverp were limited to the correction of variations havi:n.g a low frequencyo In Or'der 
to elirnina.te the high frequency field variations.\) it will be necessary to instail a 
large number of coils~ each covering a small portion of the orbit. 

Observations of the electrons during their first revolution were made using 
anthracene mounted in the end of a lucite rod which projected into the va.cuuro. chambero 
A photomultiplier tt:;be adjacent to the outer end of the iucit.e rod was used to observe 
any photons generated in the anthracene by electron bombardment. This device p:roved 
to be a very sensitive detector~ and its time resolution could be made very sh~rto 
Most of the attempt to locate a betatron beam were made \Yith the output from this 
detector displayed on an oscilloscope using a triggered sweepo Had any betatron beam 

, ex:l.sted, this device should have given a second pulse at the time the orbit collapsed 
into the detectoro 

The machine is being re=assembled with a suffic.ient number of compensating 
coils located above and below the pole tips to permit c-Jmplete compensation oft he 
field va.rie.tiono The quartz doughnut will also be used to insurA that a good vacuum 
is obtained and to provide a surface on which a satisfactory semi=conductor can be 



p],acedo These steps should correct all known difficulties with the :ro.achi:n.e 0 

Some experimental work is also being started ~n methods for :tnjeo:i:ing a 
higher voltage since all of the possible troubles become less serious at hfg;,~r 

energ:ieso '.i'his development work is quite promising and will be explored e.s a side 
line in case the above methods of correction do not prove adequate, 


