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' ' 
INTRODUOTION 

· The scattering of protons. by protons proddea data ~ich .. ia ot con• 

.eiderable pert1nettoe to' our knowledge. of nuclear fd'roea, s.inoe the pro• 
. ~ ' . 

cess iS a particularly simple one involving only two nucleons.. It 1a 
' . . 

.· poaai~le ·to t.re~t t.h~·retioally suoh a, two•body. oollhion with aorne 

·:. rigor, ·fmd 'henc& the experimental results may ,be expected to provide an 
·. r -_~ . . , 

inoieive wat ·ot ourrent nuclear force theories. 
- . . 

. The basic experiment consists in causing a ~am of. p•tOna ~to 
' 

; Iff_, . • '. . • ~ • . • ,. 

1mp1J1i!;e upcm an ~ocwn~le.tion of. relatively stationary protona (hydrogen 
" ' ·~·· ... 

gas) and to meuure the n~bor 'of protons scattered as a functiOn ot 

the scattering.!ailgle •. 

. ~ ---~ '=·· . 
. . ·Proton•pr.oton scattering experiments whioh had been perfo~ed 

. -~~e•1~ua _to-thia Wlt1e~ing(l)•(l:S) used prot~a ~r.inoident energy 

frOID o.s :to :1,4•:0 Mev, and theoretical anail.ysis- of· th~ ;eaul ta (l4)•(l9) 

. . . 
4ahond aoa~teri.ng of the S-wa.ve only, which· we interpret to mean that 

·at -these low energies protons which make a ttuff1~1-ently ol.ose collision. 

to be ,within -the range of the nuclear foroe have l'u than one unit ot 

angular momentum, and hence the aoattering of the P-wave and waves ot 

higher angular ·momentum ia · small~ It waa very desirable therefore that 
' "' 

experiments ~ made with higher energy protons to see if one could 

observe the scatter~ of the higher angular momentum wane, and hence 

this work wae undertaken using the 32 MeT beam of the Berkel•)' linear 

aooelerator.<20 ) 

This maohiD.e ie vory sui table for doing scattering experi'menta 

. because the beam has an angular divergence of only.!. 0.06°., ao that 

excellent collimation of the beam ia possible without an undue lose 

.. 
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of intensity. !he value of this was 

aa.ry to move the scattering oliamber 35 f'9et away tram tho .aooelerato-r,. to . 

~. ;ft._~~'~!i~.J~,;~e~'ron shielding. A 2-i~oh evacuated P,ipo oe.rrying the F,oton 
~ .·t, ;' ~f 1 

.'• 

·' beam~·-n:a ex~~de4 .~o~pl~tely thr~ug~:~;!_:.l.tr~to~fl::~,- ·!h• outside ot the 

bldidiag, wherelt • -~.;; s~ol te; ,;,;~ ~i-o~te~·~~~ch i;o ;~::~:_·_ •--~~ 
~- .. ,., ... 

aoattering apparatus •. 

The design· parameters, of the experiment were considerably 'intlu­

enoed by ~ ecological factors. Firat,. it waa nooeaaary to operate on 

the m1nimuill possible ~eam ourrent, dnoe tho aooelerator was not tunc:-

tioning yet when the aoattering apparatus waa designedJ one_had to • 

aaaume that the beam woul~ at first be·Tery small. Accordingly, a 

counter geometry was ohosen to .aubtend a largo solid aJlgle ~om the 
.i 

. scattering aouroe, a.nd the scattering source was made ~· long al na ( 
i 

consistent with maintaining a small interval of. aoattering angle tor 

the counters. Secondly-, it appeared highly desirable to get a complete . . . - . . . . 
set or data in a few hours ot',running tima, since the accelerator waa . . . 

·· 'the first or its kind, and was used muoh o~, the time tot aocelerator 

development experi.ments. 'fhia prompted the use of a system whereby 
... ,. 

scattering at all angles would be measured a'imW.taneouely. How this 

was achieved will be described in the ne~ section. · 

Some basic param,tera chosen for . the experimen~. are aa fcllowa t 
I . . .. 

Incident Proton Energy • 

Incident Proton Currsnt 
t 

Scattering Material 

' 
--------- ~ •.32 JBy 

- --.. -· ... - ... ~:?.::. - 6 x 10-~:S Qperea . · .. ~-· 

. ' 

- - • - - • - .. - ... • hydrogen gas 

Gaa PJ"easure - - .. • .. - ..... - • - • • - -- one atm()spliere 

. ~ .......... 
/ 

-"' 

Proton Detector - • • .. "" ,.. - • - - • • • • • Proportional oountere 

Length of Soattering Source - • - - - • • - • s.za om 

Scattering Radius - - - - - - - - - - • - - • 35 am 

.•. 
·~.--. 

• 
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Aa AD &lternative to using hydrogen gas as soat~rer, Wilson( 9 ) 

has used nylon .foU. this he.~ the grtta.t advantage of' producing· a 

wry oonoentrawd sGuree ot eoattered protons• but ·the t"a6t that org,anlo 

· · aoatterere contain carbon and other nu~lee.r epooiea;' be81d6 hydrogen 

~trocluoea a large background of unwantt4 scattered protons. Wilson 

. waa partially euooeaatul in d.ieoriminating against this background by 

U.tng two proPortional counters in 90° ooincidenoe, and he ~ight have • 

been highly auoceuful'it' he had used electronic ciretdts of Tery short 

res~lving time, and made very elow runs. A more basic objection to the 
. 

uae of hydrogenous foil eoatterers is· tha~ it is dif.f1g~t to make a 
<• 

thiD foil ot uniform, density OYer the area of scattering, as' ia neces• 
. 

.aary to obtain the absolute 'ftlue of tho eoattering cross a~ction• On 

"the other hand., when ~drogen gas 1e used as acatterer, the.'m.m1bor·Qt 
•' ' 

aoatter1n~ nuolei pe~ cub1o oentimetor may be aoaurately calculated 

.floom the gu law, knowing· the temperature and preuure. 
[../-

The prea11ure ot hydrogen gas nt _m.e.de one atmosphere principally 

tor meohuioal reaaon•• Two atmospheres would have given t,rioe the 

aoatt.ring ettioienoy, but would have required that the entire ol:ui.mber 

'M· .reinforced. -'l'he. entrance foil, whioh separate.s the hydrogen gae 
__.-­

.£rom the V&oUUIZl Of the aooelerator, WOUld have to be made thicker too, .. 

inoreaaing the angular spread ot the beam. 
. . 

No d.1ttioulty 18 cauaed by the fact that in h;ydroge~,gaa protone I . . . 

ai"e-"aaaooiated with hydrogen moleculesJ the binding energy of tho 
' ' 

proton 1n the 1!10~eoule, and to .ita electron, is only a few .electron 

...,:olta, ae compared to the 16 Kev anilable 1n the center of maGs 

•yatem ot a p-p collision, for 32 Mev in~ident protons. 
. 

Proportional oountera are used .ae• th~ proton cieteotora, rather 

than Geiger oo\Ultere because ot two factor a a 
. 
th' former ha. vo no 

.. 
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appreciable "dead timett, and because they are proportional, they are 

capable of discriminating between the large proto~.pulsea fUlda large 

backgroUnd ot emall amplitude pulses •. Pat10fsky and Fillmo~e( 2i) have ...... . .,. 
suocesstully «mployed photographic emulsiona as detectors at this 

energy. 

A. plan ~e1r ot the whole. apparatws' ia •r:~wn in Fig• 1. Protons 
[. 

emerge trom-t~e linear accelerator in a Tery narrow beam, piUising down_ 

the ~enter 'or a tlfo•inoh encuated pipe; through a tlt0-m1llimeter hole, 

Aperture A, ~d into the chamber of an e.tlalf'i_llg magnet. Energy seleo• 

tion.ta neoeaeary because Wlder certain operating conditions, the 
; . . . . ~ . . . ' . ' ,... :'' 

linear &OO'$le-ra.tor puts out a portio~ or ita.protons at an energy con-

siderably belaw sa ¥sv. •• '' 

The beam paa-eea trcnn the. magnet .into a foUrteen flQot collil'tltlting 
"'' '), ... . ' 

tube, oonaiating of the apertu·res B and c, having two and t'ive mill1• 

meter diamete:r8 res~otively. These re-collimate the analysed beam t? 
,· 0 

!. o.o5 ep~ad. Aperture c is the lut aperture which 18 .struck by an 

appreciable number of protons, all subsequent aperture& are enough 
• • l . 

larger in eise that the -zn&in beam pe.ases, en't?irely through them. The 
. . . . 

4 
re~;aon·;_!'or· having the ·l~at effective oolli~tor · (c'j ~o tar ~~ the . 

,• 

aca.t·tering ohambe.r is t.~at t}le protons which get stopped there produce 

neutrons whi<lh ca.u~e, o. o_ei"ioua background in the counters. The inter• 

vening spe.c.e is t'ille~ with conorote blocks to absorb and reflect out 

aa m~ of theee neutron• as possible. 
' e-

The •copper Slab" and •Bre.as 
. ' 

Cylinder" lo~ated. 1n and adjacent to the magnet output port are allo 

used as ihielding·for ~he neutrons produced near them. 
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The· collimated beam passes cl~anly th.rough aperture D, which con-

tai:n8 a· nyi<m foil, into the hydrogen gas of the scattering chamber,. 

where a small fraction of the protons (about 10-') are removed from · 

the becun by p•p colliai-on.aa tho remainder pass out the back side of. 
I 

the chamber, through a six•toot pipe, and via a 5~11 al~num toil, 

into· a highly-evacuated beam integrator. Here the protons are stopped 

in the bottCI!l of e. metal cup, .and their oharge is melliSured electrically •..• ,. 

to determine accurately tho number of incident protons. More concrete 

blocks are placed between the beam integrator and the scattering chamber, 

to shield a,gainat neutrons produded 1n the cup. 

An ioniaation chamber wa. built 1nto the proton tube just aft ot 

the aoattering ohember,. to tierve as a beam monitor. 'l'he indication 

was put on a meter at the accelerator control desk, to enable the orew 

tO keep the beam steady. 

SCATTm UlG CUA.MB&R 

The details of the soattorifig chamber are shown in Figs • 2 and 

s. Referring to Fig. 2, the protons are inoident from the left, having 

already been well collimated to a besm about o. 7 am in diameter. 'lhe 

~ 
entranqe foil is made of two sheets of 0.0002 1~oh ~ylon foil• saper- . 

1mpoaedJ considerable strength is required of it beoause it must w1tti• 

stand the hydrogen pressure of one atmosphere. The nylon sheet ie 

found to have a considerably greater strength against tearing in one 

direction than in the other, henoe the •arain" in one layer of the foil 

was turned 90° to that 1n the other layer. 

From the foil, the protons pass down the hydrogen-~illed tube 

containing aperture E, whioh serves as a baffle against some of the 
" 

protons scattered 1n the nylon foil; they then pass through the 
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"Det1ning Cylinders•, out of the ace.ttering chamber, through the·beam-

mon1 toring ionhation chamber, c.nd from thence to the beam integra. tore' 

'A ,006 inch aluminum foi~ of wide aperture aepara.tee the gas•tilled 

' -
ohamber fro~ the integrator vaouum ayatem. 

The entire eoatter1ng chamber has eylindr1oal symmetry about the 

ui& of the incident proton beam; the two coaxial "Defining Cylinders• 

located at the apex of the chamber, determine the Hmita of the source· 

of soattered protons, the pro~na spreading out more or leas apherioally 

from this source. The windowe o£ the seven proportional ootmtera lie · 

on &ones of a sphere centered about the scattering region, eaCh cone 
reqeiving the protons soattered into a· civen range of angle •. This 

geometry allows the oounter· to subt~~d a very large aolid angle, of 

the order 9f 0.1 ster,.dia.n, in line with the requirement that & le.rge 

fraotion of the ·incident beam be scattered and counted. The·eonal 
~ 

entruoe apertures for the oounters are' all machined into one thick 

steel hemiapherioal shell lab!GBd "Angle Defining Plate" in lt'ig. 2. 

Beh1n4 thia shell is an aluminum hemispherical ·a pinning .025 inch 
' . ' l 

thiok• which forms the ~ntranoe window of all the counters, separating 

' ! 
the argon-oarbon dioxide counting· gas .fioom the hydrogen•filled chamber. 

Fig. 41s a photograph of the counter ohamber with·the window 

sp1nn1ng removed. The counters are separated trom each other by conical 

sheet aluminliln partit1ona, and the back side of the counters is formed 

by a hemispherical shell of thick aluminum. , Eaoh propor~ionaf counter 

is in the shape of a toroidal shell of rectangular oross section, ~ 

having a 2-mil tungsten wire·aa the electron-c?llecting electrQde. fhe 

wire ie auapended near the _oenter of the torus by means of twelve 
• 

radial aUk threads. 'For calibration purposes, each counter has a 
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. ~ .. . . 
.. _ ...... ,. 

~ a.llow beta. rays rro11 the outside to be 1njeete~ 

· Since it ne desirable to evaouato the ~tea.ttering chamber and the 
N . 

proportional ooun~l" ind.~pendontly. -the oh&.hbot wa.a designed. wltb • ~ 

pol"ting structure ot considerable strength. The main body of the chamber 
., .. t 

11 tt. ~ld•d cone ot cold-rolled steel 3/8 of an 1noh thick. Suppo.l"ti~ 

.struts wore ltkmae me.d.e ol welded ool4-rollod eteel in the tom ot 

o·e·a ooax1al. wi.th the inoid~t beam (Fig. 2}.. tneee were »paced. .-.t ·~· 
d1via1on3 between, oounter ~Gnoa by r:adial etzouta wbS.oh were ·..elde<l to 

the eenter hub. fheae oon!cel and radial atrute e.H abcnrm 1!'.\ the ·photo.. 
• • ·' • ' < . ; 

. . 

outeP. rta. Where nt'bb$r .J1.ng...t~ guket& . .ae•1 the cotmter ohlmbltt -- .. -

the ·~tter1~ che:m})er to the oountttr vrbtdow ap1~n&• 
. ·· ~:- the whole ertruatun wu pu.ppo~d on alidtug p{Qell Q'd.· a.djuatil'lC . 
\. . . • • .!.# . . . . . . ,. 

' · · 'liCHiq- tn ~~ " 1't*Y thAt the obauber <Joulcl be adjusted intO a.U~ .·. 

··-11'1~ :th. beam. A ahUttei"; -aholm in Fig. 2. aeho4 to close tho ap~ . '··~ . . ; . 

- t\tre w-.e the d.ei"ining oylindel"s to O\lt ott the . 8e&tt•red proto:na 

lllhea a. backgrowd oo'Wlt wu made.. the system tor handlirig the h)'drogc 
' . .;. 

Cao Will be dct~ecrlbod itt a later aeotion. 

The alignment of th• magnet. tho ve.l"ioua collimating ape~ea. 

the scattering chamber, &lid the bean integrator ....... a.coompl1ahed by a 

COtUbination of optical sighting and "Beaa S1ghting" (letting the beam . . 
.. -

itself' demonstrate ita path, and mo'ring the appal"atus to a~ree 'With the 

beam). 

' ~l 
4/' 

\._ 
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• 
the poa1t!on of the -beam a.t the exit of the linear a.ceelerator aa 

deta,nnined by obse~qg fluoreacenoe ce.use by the incident protonaJ the 

limi:ting aper~ure '"A" _wa.a t~en inaerted e.t the center of the beam, e.tter 
• -

which the b~ wat allC1W'ed to enter the a.nelyeing magnet. The ma.gnet 

current was set., to gJ. Te the required angular doi'leetion of' the beam, tltter 

whioh the be&rll poa1 ti'on 'llll'e.8 detemined at the e.rl t side of the magnet, 

end e.pertui-e "SW .... · inserted there. Following the same prooedure,. a~er- . 
• 

ture •a• •• f.flatallecl, e.nd then aperture• B and 0 detendned the ws. 

ot the beam through the rest of' the appe.ratu:s, ao t.he rem.ainder of the 

tli~t wu 4one optically. ueing a precision engineer's level. 
. r 

~rof;ul ... hair• were installed in aperturoa B, C, and D;. in the two defining 

cylinder .f'e;Oea,. · md in the rear hub of' the acatterlng chamber. Aperture 
'' 

D may be adjuat•d relative to the ohomber by means of the bolts 11thich 

faa ten the. eiltn.nco 'tube to the ohamber. and simil.nt'ly the seeon4 defin-

1113 o;ylinder may be n;oved.. These two a:re adjusted to bo coa.xie.l ll'i th · 

the hub. and th• tirat defining .cylinder• after whioh these _tottr· point• 

(». the defil:dng cylinders and tbe hub). ~e fixed with respect to tho · 

ohamM:-. N.ext the chamber i1 =oYed by means ot ita adjusting ICrfta 
' . 

110 that lt ia oOUS.Al with the qros&-heira in aperturea B an4 c. still 
''· 

ei ghti.ng 1d th 'the lei'el • 

. !lext ·the beam us allowed to pus into the beam integratof", where 

ita position was determined by exposing an x-ray fiim. The ·integrator·-· ' 

moved to oeter the beam aa indicated by the position of the spot on 

the filln. With the scattering ehatnber evacuated, this spo:t was q.:.(fl;utte 

wellooiidefined diae, of about 10 m diameter. When the ohem.ber •• filled 

with 111drogen, the spot beoame much more dif:f'use, so 1t was daeided to 
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•• • • ' 1 ' • • ' 

~~'into ;~ in-te~1)or1a~. A"ot.dihg~;y nu,ol~ar emUl.~iou ·p1•teo .: · ) . I 
weft uxpo.,ed. ·~ ithtJ beam tn~~~to~ cup,. eo th-.t e&.oh in4.hi4'ual: protem' 
' . . \ ! . 

oould be ·ootirlted.~ Fewer t~ ci~m. peroont ot the p.J"otone fell oute1de 
l ' t 
\ I ' 

t,· 2 • n.dtua :trim the ce~ttt"" of tbi!i ~, f.ndioe:ting an t.d.equte marg1p, 
.. ~~ . ~ 

•tnQe .• e c~p · ia ··'1 om itt di..aet~r• It ia 'bel~.evecl· that· the iioattering 
~A~ 

· o:~tntr •• lined up nth. th-=7b~sm axi.s to wt.thtn .. o •. olo .~·a~ ~fM)h ·. 
::. ·' ._, '. ' 

Bec.ause ot the WW4ual shapo of th• counters u..a· ~n ,~a, upjri• 

•etit .. (-' Fig•• 2 and t), a aeparate teat oounter ot the ~ae ~~4&1 

aha.P~xwa• oonatruote4··Qti ~ned.· thin mio~ w1n4o•·were oemct$1. to 
'. ,·1 ·~,.>"t~ :;.:;_:~. . . • ' ' . f' < • • ~ ' • I 

~· ,..Ulo at, a. n\dber ot ~iaou,. to peJ:Illdt · injeotiou o£ Alpha pa.t"t!olea 
.•. .... -. 

' . 

! 

. f.t . .:l:MQat tmT polition !"8~'t1Yo to the 'oolleoting nre. 'A 1fel~olli$ated . ~ -.. - . 

· · .e,ouroe .,of ••rici• alpha 1~a.rtiol.,; waa ua~ tor the teat, the eouroe , 
,. 

•~-- tirJJ~ ~.-d. at th• o~r ot th6 co~r. thou at the. e4ge ~ · repre. . 

•eut ·tw . .xtree pa.the wbioh protons might take in the acatt.orin.g ~·· 
t 

ber~ ~· pul10 height• produoed by theae extreme geoaetriea did not · 4' 
. . ~ . ~ 

d.itf'er by core ttum .. tu-tOr or twoJ thiil would i~c&te. th•t in actUAl 
. ' • • • .. 1 .. .: :1' '~-

u.e-. it the goin were tUI"Ded up more than a tactor ot two abOTe the 
' - . 

·-~•bt>'ld· tor counting protons. all the protons should be counted. rua 
teet •1.1l"Y~ as a· deoign indication only. an~ WWJ not relied on aa a 

- pos:itl.ye O'rldenoe oi.' o~unter etf'ioi_ency in the experiments., 

~n g.a.a with 1 l/2 po~ont cti.rbon dioxide was U&~ t<t tiil the 

oo~ter" a~ ab~out l/3 atmosphere preaau.re. With· a 2-mil t~gst«l wir~ 
as the fitlectron..-oollocting eleo'tro<ltJ• operating at about + lSOO volt1,~ 

the .. &U multiplication is lOO.,.J Thia wire ia aupported• as prerloualy 

.j 
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mentioned,. by twelve racli:.sl silk threads oo as to be in the shta.Pe of a.. · ; 

· rotular l2•s$.4ed polygon; the. faot that the wira is not ovo.rywhere . . 

o~red, in tho .miter tOrus ft8 '8hmri1 to hAve negli~ibl·~ • ef.f_ect 011 the · 
> ' ' ' • • ' 

cac multiplioation, by pulJing 'the wJ.r.e oft oentar in the o.bove-mentionell 

tdt o0\111ter . . I! . 
Additional al uminta a.'baorbera wor-0 plaoe<.'l in the ltindows tit the. 

1so. 2:1~, 21°, end 330 ootmten. in or4er to disorimine.to against•:coru.nting ., 
• I "" . 

. . .. 
. encounters ·at the given angle.• The'~ absorber tM.okneas in ea.ch 

wtndo" i&S lia.tod. in Tab.le II1 and la compr11!1&d. !lf the .o~s ln. al't:lUirium 

apirming plua my extra aluii.tt\01\ placed behind 1 :t• The deaign i• to 
. ' . 

allow pwp sdat'tt)red proto~a to enter tho count-ora wt'th~ llt leut 3 JleT 
. . .. ' . . ~ .' 

••ra•· 'the al.aatttum wiBdow 1t•elt Umita the m.inS.muia _.ru to·n .ll.W 
. . . . . ' .. ·~ ... - : ' ... - . . ·. . . . 

in the 46° oo'\Zter, ~·1n the 510 cso~r aou of thti. protons do ~t 

. •t.Wa get thro~. Hence data ho~ the 61° CoUDtOJ" wae liOt USed bt .the 

rowl.ta •. eo0 .~ino1denoe clAW. ftiJ obta.iae4 ~-·the sse u.d $1° ; .. . . ' 

ooimton and the 'twc b.alvee or the •s• .. ooUntw, s.n· another oxpe~t . . 
~o~cu.·~cd wlth this appara.t~• and d~l,b$d.. ela~o.(23l 

.· 

The d.e~ aion to. measure fo&tter1ng at all angles a1mul taneoualy . 

r~uired .a Considerable m.ultipU.oity of counters and ·aosooi"ted :Oirouita.1 

but tho gf.ih was ~-foldl f'lrat,. it speeded up by a taotor of aeven Olll" 

ta.king of data.J ,eecondt it gave a oom.ple~ aoat;teriD.c ouNe baaed on 

one raeaauraaent ot incident beam. making the aocuraoy ot .the rolatift 

• Tho energy ot protons· soatterod at· an angle Q to the inoidet bQlia 
. of ouergy 10 is 

• 

... 
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oroea eeotion measurement indep~ent of' the aoouraoy or beoa,, me&.sure-

ment. 

The 390- 450• and 51° counters were divided fuitautho.l1y into two 

halves, the counts from ee.oh half being recorded eeparatcly. this -.r 

done principally to .ma.lce posoi'ble the 9o0 ooinoidonee experiJ:rum\ but ,1 t · ·•; · 

alao provided a check on systematic errors in aett1ng up the counter 

potontiala and on symmetry of the geometry. ,. 

The signals from the proportio~l counter eleotrodea are brought . 
. . 

oat ot the counter· ~M.mber through lovar-gle.ea seal& surrounded by·guar~ 

ringe,. to the input of a.mplitiera which are mounted ~zoectly oA the 

herd.spborioal surfaoe~~ or the odllntc»' ch~1ber _ e.s 1nd1cated at the :top . 

ot Fig. 2. Each of these ootnpa.ot amplifier unit.s has three ·atagea of 
. .. . "' 

· voltage gain an4 a cathode follower~ wbioh provides pul••• of ae-vei'al 
. . ~ 

'9'0\ta 11mpl1tUde to operate.;dlacr~nating ~scaling unite. Tho maxi• 
!"\. 1 ..; 

' ' 
.lllllla ga!n ot the ampl1.f1era ia about !.000, end the bandwidth is a.ppro:d.,. 

mately o.s megacycles. ·., 
Seven angles are measured aim~ltaneously fil14 thl-ee of t~se o.re 
. ~ . . .. 

aplit into ~ parts as mentioned provioualy, milldng e. total . of ten 
' . \ 

pul.$e ~annela. and requiring ten amp11tiora. The output trcm each 

emplin.er opera.tes a '&-tube aha,nnel conaiat1n, ot a ver1al)le cl1acrl.m1-

ne.tor. "gate" tube and ewe-or .!"our. with mechanical regiater., Tho 
.. 

gatirli function is used to desenaitiao the soaling circuit exoept during 

the pulses of beam !"rom thet aooeien.tor, in order to reduce the· b&.ok• " 

ground due to cosmic rays b.nd the 184-inch cyclotron. Since the a.Oc~le ... 
. . . " -~~-""""""'"""''"~···- ~ . . .· . 

. # 

rator produces beam, pulses 300 mioroaeconds long, fifteen times per aeoon<i- · 

the aoe.lera can bee kept turned "ott" tor 99.5 i)Grcont or the time~. 
~-. 

. . 
·, 
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.. 
The reaol~ tiule or the entire channel. 1$li 5 mioroee.conda- atl. 

~ mea1rui-trd b~ a double-pulse aignal generator, correotiona were uooNc: 

.lngly ma,d.f) in th~ regist~red COWlta• amoun.ting to a ma.x1:nurn. ·Of 2 ~rC.t. 
. . 

.tor· the ISO coUtttar, Wb.t.ch had the ldgheet counting rate. Afiotner o~ 
. ' " 
' ' ' { aldezoati<>n: 'firU tlie zfeaol'V'lng .time o.t tbe meolwd.oal reg1ateNI: ther are 

bown ·~ be' ~liable' tor oouuting ~t 16 per second (the ;epetition. nt.-h• 
r . . ' 

. ot thl ao~lerator) but it m neceasaey to 1neure t..hat tho register . 
0 0 , ' F 'l 0 ' 

' . . . ' .. •). . ' . . 
. , " . . .' • . . ·- : . . . .J ., ,_ 

.·•W.4·v.s~<aeldo1R ~•e1ve~:tw baptdaes ~,th- same .30~ ~o~oll~ .: 
-i •.• , .. 

. . " ... 
'beam iAtenal. Tne proton· b•• W&e adj~:stod. eo that on the btiuieat Oh., the •••rago counting rate 11&8 about aeven prot~ 'p:er .. aecond, 

. ' _, f • ' - • 

ecalq %l./•• tbit IWOuntlld to. l/6' ot a, pula• on tho .,-.gt.etefl ,e~ ~ .. : 

,. of'tho. Mei~lV6t6r. 1'~·1 olt:uso$ a pl"'babilit:y or About it2.,:1\ t0~3 Of " 
• y • • 

, ., J;d.·s~~~ eaoh imp'Qls~ &n the ~i ator. In &dd1 ttcn to tl\e t()n oherui~• · . 
' • ,. > • • • .' • 

.~rated ·to.~t pro~; an Mditional oountOr of aim.ilat- .C01U,ttr~QU 

. . . . . . 
. ' • ~ . • , ~ I ._ • . ' . . . ' 

· ..,_ lm11~ tad ueit4 w tJiOzdtlo'l" tho baG~~ in tli& 'Viobd.ty ·or·~· "· 
~ . . .. . . ; . . . . . . . 

scatt~ng;· .. cJbUlberi it&., :tu.notion tdU. l]te 4eaort~e4 in a l~t~ aeotion.' 
.· ·. ! . . . . . . 

·t'M·ooi~otiq voltages ro.r ·all'the Oo\diter 'wired· ~e· obtathea 
·· .· tro.."e. m.•1ictl" atab1U.a6<1 ~i" Bbppl)' ot odjUrlable ycilt&goJ. i;he p0teD.· 

' ' ' 

· ·tUl tor: eao~ c~un;ter •• tapped aep&re.tol:r trom. a pOtentiometer on the 
. ,.. . . 

pour •upplt• Thut the·. relative voltagea on the indiVl4qal oo\mtenf 

o~tald 'be· ~ged to .adjust the gu multiplico.ttou to be ·about· the · •-" 
' " '· ; . . . . . ·.• . . 

t~r O.O'h · ooun'ter:t fl!ld, ~· a4juatm«tt qt the master po~ eupply vol. tagf 
' ' ' 

aa Uled ae a muter. gain c'IIOhtrol tor all the countera. ·, · 
• 

.~' 

. ' . . 
BACKGROUND EvALUATION 

ltedust:i<m or baokgrolll'ld counts was the groa.t('tat aingle difftoul'ty. 

an•ouritetod in. cloing thia experiment end .it i'a .felt that anyone atarting 

I , 
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. <(. 

to 1'10r'k. w1 th protOna of this energy or abcmt \110uld do well to use 

aoino1d.eno:e. counter t&l~co,&a, and .f'aet cireuita. We ·wore able 'W 

obte.i.Ji dAta W1 ~h a baCkground or about 20 percent by a 'oat"eful job 

of ehielding against X•ra;:,ra and .neutronS. Of this ba<".kgro~d,. &bout 
t, 

• 
The x-ra111 are genorated by stray e16otrcns e.ooeler&te1 to a. t,ew 

• 1 ' 

lumdred kilovol ta bet\f$8D the dritt tub.,a of the e.cceleratQ:r• Th&ae 
.I 

- were efteoti vel;y redueed ~y covei'illi tbe scattering oham.bef with 3/S in. 
' . . ' 

or leAd. The neutrons are p~odueod where-rer the beam strikes matter, with 
. I 

only slight dependeaoo on thO nuclear. sp4toies. Iough expert111ente inti"~ 
' ' . ' . . 

oated tha,t lead. and biamuth ge.ye apprttximatdy l/2 the backgrc>und eftedt 
. • ! . • 

nbStn"Ved ~~bon.~ qopper ol"'. '4\ainum~ ·and hmlOO lead-.., \lSOd to atop 

thffi pntona 'fther$V'et" pn.otio~bl.·a. ·A t~14al ooll:-ator" di.$0 ·1, ahot1Xl 1 
tn n,. 5 whenoe moot ot tn. pJ"otons to be rej$ctod by the d.iao etrlke 1ht 

1.~i ta.cing~ while tb~ ~lo .. itsolt ie .?-1ned. with a thin oo11~ ot copper 
• 

. to ~&:too aoatteting ~· ·~ ~lU•tor-eclgo. 

·the n:eLtro:a. .. tl~ 't.t.the.~~uat&ra 18 gZO$atly reduood •lao by . . ' .... ~~ . . 
' ~ \~ ~. ' 

' . 
stopped at ~Sol!le 41atanoo .rtom the ·cou:r.ttera, and leTeral teet or c~~ . 

·' 
orate. ar• 1nt1Q'p0•64 bo .... ' tfu; oO'Wl'tera and. the le.at 'collimating disc. ,. 

Kot.e that the main· pttoton bOMt- c1Ge4 not atrlke any aol14s .after oolli ... 

mi. tor O, unttl i:t 18 stop~d' fu lead at the into,re.tor. The intogr&tot' 

1e placed 6 teet behind ~· oountera, ln ord•r to allow extra. concrete 
"' ~ . . 

ah1eld.1,.1'1g. ,.botwetm them. 
., 

The m.ethod. of taking a baokground.·run is to olose tho oylindrloel 
.. 

shtttt.r, show in Fl~. 2'., to oUt ott All scattered protons from tho 

oountero. A $tfl.n.da.rd qt.tAUtity of boa.m is thou: run through the s.oatterin.g 

. 0' 

.. 
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oh&mber• exactly as tor a scattering run, &\lld the numbt~r or back-
• 

ground eounta is recorded. 

Since tho background was large, it had to ho ~valuated accurately; 

and unfort\mately ~h6 ba.okf;~und ~Ar.led tdth time by as muoh u 26 per ... 

cent, ao t;at one co~d not dajend on tSJcing a sinp;le background run to 

give a good correction to a ri11glo see.ttedng run. .It na necessary to 
~ . 

break up the running time -int0 I. serles of short scattering runs alter--

nated with ba.okground. ~s_. ~o ::that the tluctu.atione in bti.ekground would. 

average out O"ier thtJ ae.r~ee.. The only aarn:mtption nocesaary bore is that 

backgl"Qund f).uotuationa ue- raMo31·1'1i th regard to wh.other tho run "is for 

ltleaturing scattering or ba.clcgrc;und, and lY'Q feel that thia oondi tion has 

been ~.f'illed, Ba.ok:groutld variations are OfU:it•d by the ope1'"at1~ con• 

di tio~ ·~}£ t~~ ~o<~leratcir • md. henoe on~ might· suspect th&t tho acc&l• 

erator crtN' would be more. o~l!Jful tn their operation on .tho e.vera.ge 

during 11 soa.ttering run than during a background nm. Acoord.ingly 1 pre­

co. uti ems were taken to insure that the crew would not find o~t ·during 

a aeries, whieh runs~ tor background. 1'he genel'"al background level 

in the room was continuously monitored by the e:u.xiliary counter men­

tioned earlierJ the readings fran this C?Ounter were used to e.pproxi• 

. matel;r nom.altu ee.ch background run to the general background level 

during the preceding scattering run. By these. dovioea. we wore able to 

reduce the effect of bt(okground variation o.n our results to about l/2 

peroent, as judged l'rom the internal oonsistanoy or· the series or five 
, 

runs listed in Table I. 

A . .t'urthe~ itel\l1 of ia!.portance is to ohow that the true ba.okground 

is being m&a.sured, i.e., that oloaing the shutter to out off the &~oat-

tered .protons fror1 the oot.mtera does not a.ppr-eoio.bly chango the back-

ground count. The two principal avenuos by whicl;l this could ooour are 

G' 
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,··.; 

- ('-

. ~ / .. 
~ 

oounted.~tir 11hioh norJAillly etrlko op'B.(tue aonea or th~ ~el dotining 
'\· ·, 

. .. 
t»late.,. will Wtoad ·~rite the sh'u:~t.,r and ''m&k& o. nuoloar reaotion · 

· which can -proo4ue~ a eomt• 'lhii. \'lill. bfJ ,a· small effect.~ . stnoe ·such a 

.nuol~i:;eution will h&.e: a.-, yield ot. abo~t io-6. and the ~oaulting 
. ·. . '· 

- 'L ' . . . 

p,N'\icle~- 1ri.l;l : ~· oount$4. Wi.~ lcm' e!"f'1oienc;y by tb.e oountera. . . a. AAy 
~:~ . . \. i •• 

rteutrons ~ ;~~:r ·the· eh$11lber ci)liileal"l:y w1 th ·the ·inoi4ent proton beam 
. I -.. - . , . . . . . , . . . . 

~14.~~_-n-,;,loat~ lll_th.S •a gat,, Which wola14 be reoord~d ... .. --_.' : .... ~' -~-~nng .~ce th~ abutter would 'cut out the- scattered p~otons 

·--~ 

'' 

. ,;,... ' 
; .. 

,. 

. ' . -~ 

. . . . ., ' ' .. 

~ 

the eo~jr 1!dndon uniias they "Pre scattel'ed ~- noutrcma of at 

1M\al4 aot. ~· fuf'ti.ient -~ to ·penet.rf.lte the &bsorbere placed in ... ~~ . 

l~t Ia 1ln t!ll18rgy. Tb,e oo~re~~ ad:nimum neutron energy at t~ 
.... ' . • : i. ' .. ,.,,;; . . . - . 

. ,. , SJO ·;,.,.tor la is He.. ,. lie baTe -~ in unotber expeJ"'imont that the 
• • ~ "- 'u ; ... I '~, ' 

yield ot h1Ch eDel"'Q' :l'eutnms b1 S2 Vev p-~ot011 boahal"dnumt on oopper 

or lead: is le.aa. ~ ·to-&. utinc _the· oar'bon u•ln rea.etion a.s trut· deteo .... 
. . 

' . . . . ' . . - . ' 

tol"'tl · 1'h1a l'eftot1on haa a. ~ thl"&.ahOlti 'Of 20 ll1tn'• the u.to-st likely . ' '. . 

tn.t 100 ~-· u. !llt.Ch b~• .. i~.Jttopped at t.bi• etoll1mator aa 1a trGWJ• 
• ~- :· • : !._ '...... . •, • ;.~·.. !"-'!··~-- ... • . . . ' ' . . 

. mitt«t• ·m:ta ~a.t- tb,e tle'Qtrol18 S.GeJ-&tod spread out with a full angle 

at l/2 intQnSt:ty of 10° • the ne\ttron intensity iriaide the defining oylin• 

der• ia le~Je than 1()'-8 of the incident pl"oton beam. Stnoe n•p and po-p . .. . 
a~atterlng erose ·aeet1oua· are compt.rO..ble in ~gni.tude,. .n-p .ecatte"ld 

pro~one 11111 be l·n• than 10-B ot the P-P ee&tter$d ones. We have oon­

. flequently aegleoted the •boY.~ as a souroe of error. 

I. .. 

.. 

...-
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ADJUSTU..mrt OF COUNT.SRS' - COUlfl'ING EFFICIENCY 

It is or course a ori tical factor ~r this Gxperintcnt to know .. ,, . 
that no protona misa being counted which can geometrically enter the 

counter lrlndonJ or at least to have a. minimum measure of the counting 

eftioienoy. The following procedun wa.a foll<Wed ·to set the gain o£ 

each -channel to the place where nearly all protons are counted, yet the 

small amplitude background oounte will be diaol"iminat&d agaiast. This 

point is juat above the "knee" 1n the platea.u for counting protons. 

1. ·The counter ap~ratus 'ft4 allowed to oam.e to eqtiilibrium by operating 

for an hour. ·2 •. A pulled sicual generator was oonneotecl to the dis-

criminator input ot all 12 oha.nnela and the discriminators were adjuatect 

to ~l operate at tho same p.-.detenuined pulse height. s. · Ra.oh emp• 

11f1er 'R8 ol)aerved not to have exooSive noise. the gain or all empli­

fiors wa.a adjusted to be nearly the samo. 4.. The high potential 'lm8 

applied to the oolleetint; wires,. and a phoaph6rua32 souroe of beta 

re.ya ftiJ plaoed in turn at Aoh of -tho. 0~·001 in •. ~u.ral1;1ndowa in the 

ba.ok &d<ie of the ooUJtter (lUte ·n.g. 2). 'lho gotetJ.tiometera tor SUPPlying 
' 

the po~entie.l to each wire were then .adjuated to give a.pproXima.tely the 

same oountitig ·rate in eaoh counter. thia insured that ell counters 

would be dor::u.mh.ere near the same in a.ena1tivity., All further adjuat. 

monte wer• m.ado by obs&I"Vi~ plea.teaue of P-P scattering aa a .fUnction 
. . ' 

ot tho. ~ter counter suppl1 vol io.ge. Short acattering · runs were made • 

succesa1 vely reducing the liUUSter potential until the "knee" appeared 
. . ·' 

on the platoau· ot ee.oh counter. Tho relative. pot'entie.ls ere then e.gain 

' 
&d.juat&d t~ make the kn:e.e appear o.t ·approximately tho aame potential on • 

each counter., All data that wre to be uaed were ta.ken at oounter 
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potentials 20 to 30 percent above the •knee." 
~ I 

. 'l.'he problem still remains, however, that the plateau may not be 

perfectly flat in the region of operation, but may s.till have a finite 

' slope u~rd toward 100 percent effioienoy, sinoe for some reason a f~ 

protone may give small pulses. To determine the plateau aoourately re-

quires good atatistioa, and the obv~oua wuy to determine it is to do a 

' 

oo~plete p•p soattering·expo~ont at &GVeral counter voltages. Due to 

difficultiea of background, it provad. impossible to got good statistics 

at mere than-one Toltage in a single day's running. However inv-.aoh 

series of l"'U!lS, a fe'lf were made at CoUnter potentials lOO'volts.bolow 

the usua.l o:no, and the analyu1s of tbeae data. tella us something o.bout 
,. 

the plateau. To· get better atatiatios, the low-voltage data t~ all 

the counters Wl\8 lumped t~ether, to see if. there 1ftLB an upward slope, 

on the average, in the oountw plateau. m thin the statistics of + 1 l/2 
. -

peroent the plateau proved to be flat. the actual slopo .m.euured being 

negative, 1~e·• the :counts dooreued 1.8 percent on the average, tor a. 

100 ~1 t increase in wire potential. It is .improbable that the slope is 

really negative. and hence a probable error of + l pereent, • 0 percent 
. .... 

is assumed, due to plt!teau elope. 

. MFAS~NT OP' INCIDENT PROTON .FLUX 

The b~int.grating equipment ia shown physically in Ftg. 6 and 

eleotrioally in Fig. 1., Protc?rus enter the high vacuum region of the 
~ ~ 

'· 

collector through a ~1 aluminum foil and pasa through a guar~ cylinder 
. . 

into the oolloctor cup. where they are stopped in lead. The guard oyl-

1nder ia mat nta.ined at -200 volta in order to trap secondary electrons 

which aro produced by tho beam at the· alumintn entrance foil and in the 

cup. As an added. precaution abainst secondaries, small permanent magnets 

' 
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were mo.untad at the foil and in the oup to produce a field of.' about 

50 gause at the proton path. 

The size of the bea~ and its orientation in the cup wore doter.nined 

photo,·raphically~ &.8 described under alipent. 

The integrator oircui t (Fig. 7) functions as follows a Protons 

oolleoted in the cup charge the condenser C1 (.001071 m;·n!'d), oausing a 

voltage V to appear acrose it. The charge if oaloulated as V times Cl• 
,. 

V 1$ measured by ma.nually adju~ting the standard potentio:notor P1 to . 

make the oup remain at grqund potential, whereupon V is read as th.e vol-

tago on the potentio:netor dia.l. The ole.otrometer tube n.nd galva.nometer 

comprise a vaouum tube voltmeter which iB used as a null instrtrele!lt to 

indioat~ when the cup is at ~round potential. It will be aoen tl~t the 

' potentiometor needB to be a.djuatOO. aoourataly only at the beginning and 

ond of a r1m; 1 t was kept in rough adjustment durint; a run, ho-vfever, to 

monitor the oolleoted clL&rge. 
' 

' . ' 

To avoid Grror& due to stray lead capa.o1 ta.noe and p·ossi ble' 'E!.rusi-

ti vi ty to a.i r. pressure, it was decided to measure the integrating· cape.-

oitor C1 in ita operating position in the vacuum ohanbar. Tho ef!'eo-

. ti ve, oapaoi tance for beam. integration is the mutual capa.oi tanoe between 

the oup and. th.e potentiometer lead marked A, and is independent of the 
. . . 

oapaoitanoe of either to ground; this was measured by oompariso"h with a 

eta.ndard variable air ·condenser both at 1000 oyoles and at vsry low 

frequency {e.otually d. c.- i1~pulaes about 5 zseoonds long) by suitable 

br1df;~8. 'fh~IU~ !'lle$.BHre:nent~:~ oheoked to within 0.2 poroent, which \VlU 

taken as tho limit of short-time· aoakage in the oonde!laer. Long-ti;ne 

hou:i runs., The calibra-tion of the variable air oo:nde:1ser waa also che~:.:ed ,. 
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.... , 
o.ga.inat a. standard mioa oondenaer at 1000 c:toles. C1 ia a polystyrene 

insulated unit, made by the hat Company. A aeries of p•p scattering 

n;ma was made u a !'unction of gaa preasure· in the integrator-. from 

which 1t wus oonolud.ed·i;.bat erron due to secondary electrons and gaG 
. . . . 

. 
multipl1oation•would be negligible. !he grid o~rent or the electrom~er . . . . 

tube wa.a rn-.eured ·e.ftar GMh series of runo. for wbioh a con"eotion. ot 

:approximately one perofllllt W&I;'J· neceasal'y. We have aaaigned a probAble 

error ot .! 1/2 percent to the beam meaauremrmta. 

lffilASURWEN1' OF INCIDENT PROTON ENERGY 

!he 4lemetera of the collimators llbioh are pertinent to the en•r&Y 

·~SUI"&!t&Dt U'e as tollBSI A. 2mmt B. a., e,. Smm (aee Fig. 1). 

Thne thre$ oollima.tors• usod in conjunction with tha magnet, rom an 

~a flniSlyaer '\?hich tl"G.t'11md ts a band ot energ·ioa .:..o.& Mev wide.· 

tb;e integral ot the magnetic field along the tJ!"G.jectory ot the proton• 

.)1&;.1 been mttuured to + l/2 percent by a group worldnc nth 11r• Duane ..... .. . 
. . 

SERrel.l. this plua the aagular deflec-tion of the beam is suttiei«tt to 

dofino the e:ner,y ~r th-e boam.. The tmerr.,y 1f&a eJ.ao measured uaing pro­

. port1oua1. eounter:a eo1w:.1dent. ~n depth, plua aluminum abaorbere to ob-

. tain tiret an intocn.l aurve, and the a. d1tfere'nti~ absorption oum •• 
. . 

jgf.ch ot these methods g\ vea an energy of zl.a + 0.3 t.tev tor tl}e incidon.t 
. -. 

beNU• corrected tor .orgy lose in the nylon toil and hydrogen go.e. 

'A rmr H2 + iona get aocelerated in the m.tt.ehine to an energy ot. 16 
. 

Mev {one-halt of deeip, velooi ty) and theae ha;ve tho eam.e H•Fho bi a. 

me.gnetio field. u do the 32 Uev protons.. To get rid of these ion,s, a. 

"atripping foil11 of o.ooo2~_1n. nylo~ is inserted in the be~ !lt the 

pl~ of collimator AJ this. 9reaka up the H2 + ion into two protorl.# of 
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8 Mev each, i.w.d t.'>le magnet bands th«n to' t\.dce the r'tldius ot a 32 

!.! f1V proton. 

HYDROGr~N GAS SUPPLY 

Pul-e hydrogen gao for the scattering chlll:lber was obtained b;r 

p~aaing oommeroiel tenk hydrogen ~troUGh a heated palladium t~blo • 

so6 pounde per square inch pressure of impure hydrogen wa.s til.o.inta.ined 

on the outside of the th~ble, the pure hyerogeu being taken f~a the 

inside at 011e atmosphere pressure. The thimble was a. cylinder or pal• 

ladium, closed at one end, 6 in. long, 1/4 in. in diumeter, and 0.006 

in. wall thlomoaaa it was eupported e.g~ nat Golle.pse by .a column ot 

ceramic beads on tho inside. The tubo was directly heated by pau1ng 

·"'· al.tarnating current, about 70 amperes., through ita l~gth. The normal 

output wa$ 10 oe per second of gas at one atmosphere. 

Bofore ontering the chsraber, the gas passes through a ooil or cop• 

per tubing 'Ul"&pped ~und the oollbator tube, to insure thermal $qui ... 

libnum with the !~talla· or the cb.B:mh~n·· The tempe'h.ture is rn.easurod by' a 

the.rmomet.ar o1nbedded itt the flange ~f the colli:uating tube during e. r~ 

AU joints in the tube carrying gas from tho p&lladium tube to the cham• 
~·· ~ 

b•r are I!Ulde without rubber gasketa. using either motal flared fittings 

or threaded,jotnta W&XGd with cmiCo asealatix.• Hydrogon enters the 

chamber in the llliddle of the collimator and from there tlowa continually 

out into the main volum.a or the chamber. It will be aeen that most of 

the scattering tak&s place in tho interior of the collimating tube ~ere 
~ . 

the -hydrogen io moat pureJ this is particularly true of soattarin.g at 
' - ' 

sm&ll anglea., where the e!'reota or Coulomb soattering from oont~nating 

gases are most likely to bo onoountored. the exoesn hy-drogen escapes 
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trom the ohMtber via an oil-lock tube which regulates the pressure to 

. ' . a fllf1 centimot.ra of oil-above atmospht.lrlo pre.aauro_. ~ pr&'Vent~ b_aok-

·. di"i:ru.tion ot air ttito·' the- syateia. !he hydrogen tlcm" no~lly used ft8 

autfie1e.nt to orumge the gas com~letely in 9.0 ~nutes, tlrl.s 81rept out 

oontanina.ti ng g-.ses evolve~ troin the cbmr!.ber YJ&lla w; th autficiell't 
' . . ' ~ . ~ 

.speed. itesta tor ~Gl'lniliing g~. ~nte1ne.t~n Will be desorl. bed in 

·~a later eeotioil. 
>,.,I 

; .. • 

. rl • {dtr) . )l ~ ci ~ . r dn. 0~ . . ., 

.l 

1\•' ,·· J 
f 
' 

(1) ... 

l'Jbero 4Y 1• ~b.-a yield or pr<ttons ~oatterad into the solid angle d.O.. ( 
•\ \ 

:r~ a. p~th 1~ dt ot iM~llen\ b~-.. · :N 1&. tho itumb~r ot. aca.~ering 
. .• . . 

nuclei per unit vol'Ume, &Jid; the center of mAS~ ·eyatem of coordinates 18 
. - \.• ~ -~ 

' 1\eferetlOO tQ Fig. 2 ahOWS that scattering OdCUI'd •oYer 4UOh fln 8%..,.1 

tended r&gi0%1 1n th1.11. appar~tue that the solid angle aubtond•d by a 

given cour+ter 1'411 ftl"i· 'conelderably ovei"·the scattering r-egion, and 
', . . 

,.' ~ ' l • . • :t;\ • ' 

heno.e m.IXZli ot. i;ho · wiual s~likyi~ usumpti'ons made in other sce.ttoring 
. ' . . ~· . ' \, . 

e.xpe.ti.mentt are not jutifi~.:.here~ The. quantity dY detintld ~bo-ve ~uat 
' .. ~ .• . 

. . . . 

aoatt:eting length cit•. The geome,try vtas evaluated 11'4 terms ot a taotor 

a, detlned aa . 

(2) 

; .. · .. 
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Then, 

'"'• (d6""/4'fl) .• G Y /ll (3) <t · . o.m. . 

Tho as auupti on is l'!lade that ( d d'"/ d n) 1o a linear function - c.~. 

of the scattering angle Q wi~hin the ratt~o of Q a.ooepted by a given ooun-

ter. for lack of previous lmo.Tledge or the red shape of the ourva. l'he 

errors intrpduoed by this aasumpt1on are ealoul~t~ to be less than i/2 
.,. . 

p0roent. if one accepts the theoretical curve. for - S
8 

• 490 21.~• in 
Fig .• 11 a.8 the true one• · 1'able II indicates the angul~ interval 

oovsred by eaoh of the oountera, ranging fro= 10.6° for the 21.~ oo~ 

ter (all angles are now given in the oenti:lr of J.11a8S syatoro.) to 19.4° 

.for· the 69 • .,0 C:O\mtor, l'h.e entire anp.lnr interval does· not have the 

, aame Ylf!light of oou.rao, si.no-e.relatittoly fewer protona ·of extretne angles . . . . 

ce.n get in. Tho Tl&ighting _functions for protons of vnrlou.a angles . , 

getting into a given 09~te:r are l"oughly aymmetrfoaJ. traposoids as 

ehown in Fig. 9. For purposes o£ plotting the data, the ef.fe-cti ve ... 
anglo. of Eiach counter is taken .aa ho.lt'•lf&.y between the two ex:trame angles 

.. ···• fbe G ~tor~ were evaluated by two independent methodtu first by 

· gra.phionl integrati-on from an aooura.te ·rUll-scale drawing. and than by 

an analytic mttthod;. ·The two methods agreed at, all angles to better than 

l/2 peroe~t. A number of small corrections ~o the .above are necessary• 

due to si:rp.pli!'~g c.sawnptions mude in the calculations. The val uo ot 
•· 

these will be given for a typical ~ounter, the 64.7° onet 

1. ...1.5 percent. due to scattered protons ?O~tratine; the corners 

.of tho defining aylinds:rs {copper). It is a.asum.od that the protons are 

~ot scattered in the copper, since roughly as maqy will scatter into a 



... , 

UCRL 834 

- -23-

given counter as get scattered out. All protons are aaaunod to reach 

·, tho oountere if tho thickness of (JOp.per they must penotrnto leavoa them 

enough energy to penetrate. tho aluminum absorber at the counter window. 
. . . . , 

This energy threshold o.r the counters greatly reduces the offaot of pone-

tration of the oopper. 

2. + o.le percent, due to •t~~nel effect" of the
1
para1lel sides 

of tho aperturaa of tho counter windows. I 
:s.. A correction ·ror the finite widtl\ of the incident be~-a wac necee• · 

l 
. I o 

sary tor tho sr.uul a.~glo aountors. atlloa"ltint.'!;o ... o •. 35 percent at 2ff.3. 

The original oa.loulations assuned the beQr.l to be t1. line source. 

4. lt was discovered "that certain dimensions of tho oh80lber. were 

we.rped 11h.eh it wao assembled. since it·wa.s ne~osaary to draw tho p~ri- f,. 
pheral ring~ of bo.lts tight to r.ulke the nuLjor vacuum seals. 

' •. 

I 
Hence it 

aaa(lll~ll)d. 'l'hia was d.oite ~y mobna ()f' various g~ges irtaert~d through 

the aode,aa port. ·'the r~d.ius ot the counter windows from tb.e center of 
~ ... . 

the ahember was n~.eo.sured.:a't six points for eaoh counter_. and the width 

, 

of each counter aperture was meaeured at 18 points. Th& ane;ular position 

.. 

Of each counter ;aperture ·t'elative to the center .Of' the Ohanber WaS ll16Q.8Ur'ed. 

by calipers and oe.loulated by trigonemtry. The apertur-e between the de-
' 

fining oy'lind~rs waa :JtCasuted, as well·. as their dia:notors .and their pod• 
' .. .. . ~ 

tion relative tQ th~ cantor of the chur:'.her. CorreotionQ w0re derlved 

fioGm -theae dAta for each .counter 1 auounting to + 2.4 pe~ont for the 
3. '\ 

64.7° ommter. It 1$ believed that_· the result of theee measur_o-.aents 

is good to. .! o. 2 peroont. 

Tho corrected G factors are listed in Table I • 
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• EVALUATIO¥ 0? F'AJ ... s~ SCA'l'TERif!G S?1<'E8TS 

• 
To properly evaluate the ~roaul ts of this experiment, it is neoes-

sary to know whether tho scattered pro"!:ons o:;,servetl in tho counters 

are all· tho result of p-p collisions, or whether l.ll1 apprt3o,iable fraction 

of them m~ bo scattored"from the ooll~nntors, the entrance foil, or from 

contaminating gases. 

Reference to Fig. 2 will show that it is impo.asible .ror a pri:nary 

. proton· to soo.tter from the nylon foil or any of the metal apertures e.nd .. 
_get into a counter, Without scattering onoe more in the process from 

another body. The probo.bili ty of such an event is rather oo.itplicated 

to oa.loulato, ao wo relied on experLnents in which we looked for residual 

soatterine counts whep the chamber was. highly evacuated. No effoct was 

observable above backGround, hence this source of error would be less than 

1 peroont at ftll'angles. 

A poui ble event not covered. py the above axperi::~ent would be that 

protons 1 acatterod !'ro:n h.Jdrogen gas near the entrance !'oil at Sr.lall 
. 

anslea, vtould strike £he dofinin~ cylinders and thence bounce into a 

oounter. To test this, it was neeesanry to have hydrogen o.tot+~.s in the 

collimating t~e to illuminate the edges o!' the dofining cylinders with 

scattered protons, but it waa also necessary to hnvc no hydrogen in the 

scatterinc;. r<.:Jg;ion !'rom which "hon'eot" scattered protons could reach the 

counters. This was arran~ed by placing an extra nylon foil 5 mils thick 

in· the collimatin[; tube at ·the plane of collimator E (Fig. 2). This foil 

is oa.loulated t...'l produce Rutherford scattering equivalent to fillins the 

collimating tube with 100 atmos;>heros of !1.2 gas. Residual scattering 

was now looked for with the chamber evacuated, but none ~a.a observed. 

One atmosphere or H2 gas normally present in tha aollicaator will pro-

duce less than a 0.1 percent orror in the 27.3° counter, duo to this ovent. 
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To deter:niao t/10 tolerance on cas i:npuri ties for this oxp orLient, 

the scatterinG of ~2 :~ev protons in air was .~teusured, using tho awao ap-

paratus. F1·o;n ~his we coJ~oludoci that 'the hydro,;en sJ,tould contain less 

than 0.01 percent of nitrogen or ·ox;zon in ordor to rldu.cc tho rcurul tant 

sclltterine; to 0.1 percent of the p-p sco.tterine;. To <~cter:nino tho rate 
,f 

of evolution of contauina.tin(; c;ases fro:a the' chfr.lbor rallo, the chamber we.a 
;'· 

evacuated before each run, and the rate of incr~ase of pr~ssure measured 
1 

an the cloaed-off cho.:aber with the (cold) pal~aclium tube connecteQ! 'fhia 

' -5 . 
rate never exceeded 10 atmospheres per hour, vmich; oo:t•bined with the, 

hydrogen flushing period or: 1 l/2 hours; gives a me.xi:num Lnpuri ty contont 

of 0.001 percent for th,a i[,&S in the main· chamber. Thus the feature' of 

I 
introducin~ the pure h.,:drogan gas into the o·ctitterinz reg;ion of the c~tam-

·bor is not absolutely necessary, but it is ll valuable safeguard, and it 

ptovidcs n g~oss experimental check on. ·the oontm.·,inatio11 of tho !::o.in clu.un- r 

'~er, as follows 1 
- < ., 

At ~he end of a series of ru."la 1 a run was made in which the supply 
. ·,," 

of p11re hydrogen was cut off, so that any contomina:tion present in the 

main cha:.:~ber would diffuse into the scattering region.- The ruaasurod cross 

sections were the same, to wi t!lin the probable error of the measurunent, 

(2 peroent) as in the runs in whi.ch the gas ~s f'lOVtinc. · T~e p~lladiUin 

tube was tested for perforation before and after each serios or runs. 

In view of the measured low rate ,of ovo lution of contw:ainati n~ gases, and 
' 

the ob'ntinuous renewal of hyJ.rogen in the· scattering region, we .conai dor 
-~- . 

the scattering due to gas conta.'11inatibn .to be ne;:;ligiblo. 

lt iS possible f.or hydrOf~en-scat tered protons to fl trilw the radial 

· and conical supportinc stn1ts in the chamber and thence sct\tter into tho 

counters, TI1e corrections for these sca.tter1Ju protons have beon estimate~ 
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I (22) 
on the basis,of i'lillia.ns' formula, o.nd were lesa than 0.1 percent 

'\ 

at ell ancles. 

PROC :DtJRE; 

Bef.ore a aeries of runs was made, the electronic· circuits were 

allowed to warm up for !l.ll hot.r or more, the palladium thimble was tasted· 

for perforation, and the rate of prosouro rise :-aeasurod for the evacuated 

scattering chamber, scaled off fro.'ll the [Ju:np. '.the cha~ber was then 

atarted to fill \'lith pure hydr'J,:en, n. process requirinc 1 1/2 h:mrs to 

co::1plet0. ;.1aanti;·ue, the boa:a i:1tecruLor wus ohoo:.Cod for drift ruto, and 

the counter gains wore o.djustod usinG the P32 source, as described earlier. 

The a.ne.lysin~;; magnet current ~ve.s adjusted to correspond to tlte desired 

proton energy, care being taken to always approach t~d s current !'ror.• the 

low side, to avoid hyeteresis _effects. 

~~ext, proton-scatterint; runs wore made to detomine count<3r plateaua 

as deaoribed earlier, and then the main series o!' runs vras made. The 

procedure for making any scattering run was a3 follow3t an oloctrioally 

operated "flip gate, n located at the exit end of the analysing magnet, 

was used to cut o(f the proton beam from the scattering chamber. The 

counters ware turned off {by moans of removine; ttieir g;atin~ pulse) and 

the cup on the bea'!l integrator was grounded, •to start it out at zero 

volts, a.TJ:d the ga.lvanoraeter v;as zorood. The raecha.nical re~~istero operated 

by each of the counters wcro roaJ unu the readings recorded for an i:1i tia.l 

rGfl:c:iinr;, arid the proton s~uttor i1, the chamber ( F'iG• 2) was oponed. 

To start a run, the flip gate vna.s first opened for a r.U:1uto so that 
. 

tho accelerator crow could optimise the beam; the flip r;ate vtas then 

closed, the beam cup was ungro1mded, and then tho flip gate wao opened , 
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and the counters were turned on simultaneously. A run lasted from ten 

to twenty minutes, durinp; which time· the potentiometer P1 (r~ig. 7) 

we.s kopt ~n ~ou~~h adjustment, as indicated by the gal vartqmeter being ~· 

off scale. As the end of a run appr:paohed, the potentiometer was set 
.~ . 
~~~ . 

for the exact charr,e desired, and Jlu( run was terminated when the galv~ 
. . ~· 

nometer read zero. The run was tarminated by closin~ simultaneously the 
\ 

proton· flip !~&.ta and t.'1e counter ald toh; the bf.";a.m cu? vm.a grounded, ond 

the flip gate was opened a~ain for benefit or the orew, while tho i'inal 

readings of tho re€;iaters viere recorded. n1ese served also as ~~a ir..i tlal 

reacllngs for tho bo.okgrotmd run. J• backc;round ru."l W'Qo now rara.de in fashion 

identical to~ the above, except that the ahutter in the scatterin~ chamber 

was closed • 

A series of ruua consisted of about ten aoatt\\lrlnr. ru.."ls alternated 

vdth ton be.okr;round runs as ~bovo. Bach background rUn. was arbitrarily 

associated with its preceding scattering run, and waa roughl;,r, corrMted 

to the prevailing be.ck;:,round during the scntterinr.; run by mul tipl,ying 

the background counts at each angle by the ratio of background monitor 

counts during the scattering run and during the background run. The 

corrected background oras then subtNoted from the scattering counts • 

and this "net soatterin&" count was corrected for counter resolving time, 

and reduced to standard te:nperature and pressure of hydror:;en, and further 

nonnalized to a collected charge of 317 x lo-12 coulombs of incident pro-
. ., 

tons. The rosult is listed in the columns o~ '1' abh I •. Tho aotu{ll col-

leotetl char~;e for each run .is listed in oolumn 13 of this table• and is 

used a~ .a statistiolll weighting !'actor in raduoing the d&ta. 

After a series of re1;ular- proton scatterin~ runs., a "ea.a cor.ta.'":lina­

tioJ111 run was made &s des-~ribod earlier, to check.purity of ~he hydrozen, 
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and oor:l.otirnes a Yacuurn soattorinr.; run. was made to chec'c sen tterin{-~ 

from collimators e.n.d t~1e foil. 

'Ibo temperature of the scattering chamber was rocorded every 

half-h~ur, and the barOJ~et·or was road at tho bacinnin6 and end of·a 

series. In additi-on,. readin:c were recorded for tl:!e oil mano::.oter, 

which read the axc:oss pressure of tho hydrogon. over at:.1ospheric. 

RSDVLTS 

Listed i~. Table I al'onf~ with the net proton counts arot ColUm.n 2, 

. . . ' 
tho date; colunm 3, tho r.ta;;tcr cot;nter supply voltage; colt.tmls 4-11, 

proton sca.ttcrine co1.mta; column 12, the avorago percent of background 
. . 

for nll the counters; o.nd colu:an 13. t:te charco of' inciclont protons, :{ • 

-~ . ' '.._uc counter i>otontin:l a have only roluti v;;;· si,Jnii'icanco for tho runs 

Ol'l a sir..t:;le d.ay, since the _pror.;:;urti of' counti'r1g ;:;as wns c ar.q~ed so:n.awhat 

for each da_,. of runnin;. i'he runs marked ( •) are actually used as, p-p 

Mutterin3 data_, the others 'being inclu.dod to give data for plateau 

slope. 

• 
All runG made on a c;i vert day aro considered member a of' &#'si nr;l e 

series; the moan lltl!:Jber of counts at oa.ch an;:le for each series is cal-

culiitcd. each run '::>cin;:; weic;hted according to the incident prot~n cho.re;e. 

and tabulated at .the botto::; or each series. 
"1·r:·~ ''"' 

To detorm'ine the •. statisticu.l ao.curacy of tho results. ono would not 

be juBtified in assu:linr. tho us~a.l reciprocal or the square root of the 

ll'<i!aber o:' counts rela.tiO.llG1dp, since backp;rounc V('l.riationG introduce 

sor.a<':l s;>read. Instead. th'o internal co: sistcncy of the f'i vc seri oa of 

runs is used ao tho criterion. r:.1c R. Ll. 3. deviation o:" tho i'ivo .oerios, 

tli vi dod by tho square root of ;:; ia used o.o 'L!1c s\u ti::itical j;1robn;JL: orror 

' ' 
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of the mean val \lOS of counts for each a.'"lr:;le. The mean V11lues• wei~htod 

a::;ain a_coordi!fg to the total ohare;o in each serios, a.ro listed in row • • 

27, and tho statistical probable errors in row 28. 

L\ow 29 e;i ves the G factors for converting proton counts to cross 

sections accordine; to equation (3), and reM 30 cives the resultant cross 

s6ctions. 

Probable errors or the results are treated ~n two stagesr First, 

the relative probable orrors for detennininr.; the shapo of tho dif.;:'erential 

Cr'6SS section curve are given·. and ~hon the absolute probable error is 

;~i von for one point on the curve, at 89.7° in. the -?enter of mas~:~ syster.1 • 
.. 

The assi ;ned probable errors are as .f.:ollows, for tho' ·absolute cross- section 

a., Inaidont proton c~ar~e • • • • • • • • • • .:!:. 1/2 percent 

b. • • • • • • . ·• . . + l percent 

c. ~~easurem.ent of te:nperature L'"ld pressure • •.:!:.. 1/3 percent 

Slope or plateau • • • • • • • • • • • perc:3nt 

.. 0 poroent 

e. Statistical pro oable error of co1.mts ••• .! 1/2 percent 

f. Calculation of ceomatry • • ••• ·• • • • ! 3/4 percent 

The root aum square value of these e.mounta to + 1~8 percent, 
~ 

-1.5 percent, whiQh is used as the probable error of the absolute cross 
.I 

I 
The rele.ti ve probable errors f'or the roat of tho cross section 

l 
values are taken as the root s1.m1 sque.re values cor~ospondinfj to d,l e, and 

' 
f above, for en.ch anclo. These are listed in row 31. It will be neon 

that it01as a, b, and c affect the scatterin~; oross sections at all n.nc;las 

proportionately, and llonce do not a.:'f'eot tho S~lapo of the ouNe • 
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A valuable check on th~ internal consistency of the data is ob-

' 
tained rromthe"ra6t that the 89.7° and·7'l.6° counters are split azi-

muthally into "Top"ll and··"Bottom" halvel3, nnd tho counts in eaoh half 

reGistered separately. The 39.7°T and 89.7°B counters arc obae~d to 

aeree well within pheir probable errors. The 77.6°T and 77.6°B oountera 

consistently differed by 4.6 porcent, however, \'Yhich is more thD.n twice 

the assigned relative probable error~ Tho top counter gives the larger 

i 

nunber of co1.mts. All the oounters were disassem.bled o.nd inspected to 

tr-.1 to determine the caus_e of thh differ-ence, but no significant di.i'-

forence::; could be found. It was finally di aoovered that the o.rnplif'ier 

uaed with the 77 .6°T counter was a special one havinG a short time con-

stant, which was overloading on the largest size pulses, and Giving o~t 

double pulaos to the scaling unit. The data from Jis counter is dis-

carded, and only that from the 77.6°B counter is used. 
. • I 

'I 

Fig. 11 ia a plot ot the soatterin€ oro~s section as a function of 

anGle in the center of mass :r.rstem, along with the probable errors • ... 

F'ig. 1~ gives the same data, e.long with d.o.ta taken by Fanofsky and Pill-_ 

!!lore at .29.4 Mev~ and the 90° coincidonce reaul ts of' Cork.; Johnston and 

Richman( 23 ) using the apparatus described in this work. 4 

Chri stisn and Noyes. have made a theoretical anal ysi s of these results, 

and arrive at these conclusions, amongst others: 

1. Cross sections at 32 !lev are oo:-apatible with pure S-v.'&.ve aoat-

taring, of the magnitude to bo. expecte<.l from a Yukawa. potential whiah 

fits the 1~ encr~;y data, Such a curve is drawn throuch the ox?Griraental 

points. in Fig. 11. •. 

a. Acoordine; to usual potential theory, such a potential should 

cause a scattering of the D-wave also at this ener;y, elvin& rise to the 
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second theoretical curve in l')g. 11, for 
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s • 5l0 9.f!', plus s 

od·l
0 2o.4'. 

with this curve. 

It is s-een that tho data. is de.fini.toly inco:npatible 

3. Soatterinr:; in odd a.n~ular mo:1entum stat os ·is very s::lll.ll; the 

eros a se.:tion curve would bo very .::;ensi ti ve to the' presence of ?-Vro.vo 
·. 

scatterine;. 

4. Cihristian and :~:Jj'OS are a:Jle to fit the J.o.tn c:-:-.piricn.ll:; 1.Jy 

including a tensor foroo with a vory sirlt~ulo.r radial dependence. 

One :nay hope that r.1ore: information will be fort..•H~ooin1: fro~:1 p-p 

scattering experiruonta a.t still·hi~har enargios. 

• 

J 

I 
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TABU: I 

....... ,...._ 

--- --·-----------------r--·------·1·--·-···-·· -···r···- .. ·---· ···r··· J ··-- ···- r·---·-- --··-~---·- ---·.-·· --·- ··:~----. 
: Nom. Angles, Lab.· system , 45oT 45°B - ! 39°T 390I3 1 33° 1 27° 21° j 15° ; 
j &ean ~l••. c.,. _!Y.tem _J!l;l• 7°T L 89. ! 0 H J7_7 .6~- _17. s"B I 64.7° 1 52,5° [ 3~,ao .. 2.~.3° _ Av. : • . ~ 
! l Coun~ : Counts xl74 at each anr;le, normali.zeu to N T P and to ,Back- ::xlO 12 
; Row 1 ~te 1 Potential.: incident proton charg~ = 317.1 x Io-12 coulombs · lgrnd. cou-
i rl 1 Volts T and B refer to Top and Bottom halves of a Q.ven counter. I ~ 1ombs 
: 1 -·t:.1s-4s I 32oo• I s9o T 523 ; 656 ; 582 --;- fon-;···-_- ---~· na 492 1 21 316 
I 2 I I 3200• l 623 ! 585 ; 596 : 594 : 1061 i 929 i 706 494 I 28 316 
I 3 I . 3100• ! 626 625 i 639 i 600 l 1077 I - . 720 480· ; 11 316 
I 4 I I 3100• I 590 612 l 616 ' 617 l 1085 ll - 690 494 l 13 316 
! 5 I ' 3000 ; 585. 597 I 606 I 561 I 1125 I - 641 459 : 10 316 

6 I i sooo i 623 599 ! 656 i 596 I 1088 ! - 668 447 : 5 . 316 
7 ! I 3000 I 618 612 ! 638 ! 610 I 1084 I - 677 ' 474 I· 5 316 
8 I 2800 612 604 ; 607 j 516 I _1016 I - 616 i 416 i 2 316 
9 t Jst series av. values 1 007 611 ! 627 ' 598 1 1074 II (929) 711 ! 490 ' i!64 
1o l 7-22-49 s1oo• ,. 6ss 63o : 642 : oo2 

1 
1os8 ,· 977 1 1os 497 

1
: s4 318 

11 . ~ 3000• 613 623 ! 62o l sa5 ~ 1os9 ! 948 1 713 485 25 · s1s 
12 : I 3000* 1 614 647 i 624 j 601 ! 1110 l 971 j 715 506 .I 34 \.s:ta 
13 2nd series a.v. values I 628 633 629 596 i 1072 1 965 I 711 496 954 
14 8-29-49 2700• I 574 594 I 613 584 : - I 925 707 470 : 24 31?. 
15 21oo• I 627 . os1 · s21 5ss : - 940 : 729 so2 1 19 317 
16 I 2700• I 599 622 l 62.:7 599 - 938 I 743 515 : 33 317 
17 ~series av. values ! 600 616 i 622 590 : -

1 
934 I 726 496 i 951 

18 9-J.-49 ! 2ooo• 1 oo1 6o7 roo 1 s9a . 1055 i - 674 1 486 ; 25 211 
19 I 2800• 'I 611 623 655 i 610 ! 1091 i - I 742 . 514 i 26 211 
20 2800• 657 625 629 f 608 . 1145 : - I 706 506 I 20 211 

- l 21 \ 2800• i 596 595 583 603 i 1059 : - I 710 485 I 26 211 
22 I ' 2800• l 582 606 643 589 ! 1106 _; - 727 470 I 21 211 
23 l 4th earles a.v. values -; 611 . 611 l , >622 1 602 • . 1091 j - 1 712 492 1055 

: 24 i 9-~49 zaoo• oos 626 . 1 643 I · oos l 11s'1 1 963 i 745 512 .'35 211 
25'""i· l 2aoo• 595 605 i 611 i oos i 1114 1 947 i 690 s12 35 211 l 
26 i·Sihseries av.values 599 615 j 627 I 605 1 1132 j 955 I 717 512 422: ~~ 
27 I wtd moan o£ 5 sEries 610.1 616•? l 625.2 597.5 j 1085 t 943 1 715 494.9 ' i 
28 l% stat. prob. error +. 77 +.59 : +.22 I +.38 i +1.1 i +. 78 +.36 +. 70 I 1! 

1 29 1 · G factor .!loa , .3io~ ! .~2? L_n2s -1 .!'444 I ._r9ss .• 493?J .ros4__ : ! 
' 30 I (d~d~c.~.in lo-27cT 14.30 r ' 14.05 ! 14.05 r 14.02 I 13.27 13.13 lsl __ ~ ~b pro_~~-- ~~r:r~r ·- (~:~} J. ... +1.1% . J __ !.1.1% . L .:_1.4% j .:_1.2% l !.~.1;~ -~1.2% 
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TADLC II 

(LAJORATORY 3YSTE::!,) Total Altninum Residual Ran0e of 
Absorber, mtfmn2 31 ;.Lev Incident 

0max o;nin • Proton mg/cm2Al. 

16.31° . 11.00° 867 183 

23.05° 16.76° 709 116 

29.71° "'·. 22.5l0 -y· 530 230 

3<3.360 28.49° 351 229 

" 
43.24° 34.390 179 221 

4g.G7° 40.00° 179 81 

56.38° 46.00° 
.. 

119 

,· . 

. · 

• 

•• 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. ~ 

Fig. 6 

Fig. a 

FIGURZ CAPTIONS ·. 

Plan View of Experimental Layout 

Proton-Proton Scattering Chamber 

Scattering Chamber 

Counter Chamber 

Collim~tor Di so 

Beam Integrator, Ueobo.niee.l 

Beam Integrator. Eleotricu.l 

' 
Beam Integrator, Photoa:;raph ' 

Fig. 9 CoUllter Weighting F\mctiona 
I. 

Fig. 10 Scattering Equipment 

Fig. ll Proto~Proton Scattering &t 31.8 + 0.3 Mev 

Fig. 12 PX"Oton-Proton Scattering near 32 Mev 
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