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An experimental x*mge»eﬁ@rgy relation in [1ford U-2 emulgion
hus boen cbtaluoed for protons up Yo 39.5 Lev. In the reglon from 17 ko
33 Yav the rolatien for dry emmlsion is fitbed by the empirical oqustion
Eiov) © o.am_xzm)o-_ii@l. Variations in wober conbent due to chengss in
atwosphoric mmidity mele several percent differenco in ranpe. The renge

in I1ford rlass ig found Yo be 18 } 4 porcent lenpor then in dry C-2 emulsions

. ‘
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Introduction

The ranges of protons of aizerg;ies up Yo 1l3.1 llev in nuclear

treck emulsions wore noesured by labtes, fowler and Gwarl, with 50p thick Ilford

. :
Co 1y Go Lobbes, Iy Iy Fowlor, end Py Cuery Procs Physs Soce b9, 6838 {1947},

Bl enulsion, Exhrapelatiomg of those dete wore used by Bisimp?’ to calculabe

(2]
“Voetamprini and C. 1. C. Lottos, Ilford bochnicel dabe, rovised ilerch 27, 1948,

%A+ 5. DBishop, Fhys. Nev. 76, 1468 (1040),

mazsos of mogsons whose renge in enulsion and initisl rwmenbum are lonowas The
reglon of interecst corresponded to proton ranges of opproxinmately 4000 u, or
31 lov exergys TFor tracks of this length the e:ctrapolﬁtion pave elorgy values
sgoursto to only ¥8 percont.

In the prosent study the ranges of protons up bo 39.85 iov were
mosgured in Ilford nuclear omulsions. €2 plobos wed in th'is study are gtated

by Ilford Ltd. to have identical chemical copposibtlon to Bl pletes.

Method

lonosonergotic protons were vbteined from the circuliting bowm
of the l84~inch Berimley cyelotron in an srrangenent shown in Fipure l. Protons
which struck a 1/8" = 1/16"™ x 3% coppor riblon target at, cay, 30 inohes from
the cyclotron center scaltersd in all directions with a veriety of energios,
A C2 plete placed behind a short chunnel ot 20 inches redlus recorded thoge
protons which left the ferpet in & baclward direction wibh such an onorgy
thot thelr peths had spproximetely 25 inches radlus of curvebure in the

cyelotron magnetic field, With en accurate kmowledre of the fisld 1t was
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i
pogsible to celeulate the emerpy of a proton epboring normmal bo the odse of
the plote. Plobes were pub at 80 ingh wedius for all exposures, and the
torget rodius was varied Lo obteln differaent nroton enorgics,

Plotes were tilted approxinately 2° from horisontal so thab probons
would enter the surface of the emulsion. Distortion of the emulsion upon
prooessing prevents ascurabe determinatlion of entrange angle if one uses pertiocles
econing through the edge of the emulsions This 6114, »lus scablering of the
protons in the emulsion made it difficnlt %o find tracke in 200 » pletes which
stayed in the omulgion for TOOOR. lHence, the study was not exbtonded beyond
“N B0 Tieve

Plates were processed in 3¢l D19 ab 68° ¥ for 20 to 25 minutes,
folloved by shortstep and commereiel hardening fixer. Vishes suffered 50 ¥s
pémem thiockaess sheinkege in processing, bub negllipidle Srenmsverse shrinkopo.
Treok lengths were meusursd bobth by eyepiees rdbisle and by dial indloator
sbteshed to the nieroscops stages, Corréetions were mede for sugle of dip of

protong in tie enulalion.

Begulty
epults of the moasurements are presented in Mpures 2 and 3.
It will be nobed thet the dete £it & streipght lime on logelug plot between 17
and 35 dov and 01t the dobte of Latbos ot 8 Move A loash squares aﬁs.lyﬁis glves
for thls portion the relabions
E(E@v) w 04251 R“&){)‘sgl (1)
whevre the oncrgy £ is expressed in Mev md the range R ig wossured in anlorens.

The origiual values predicted by Camorind md lattes(4) nd a

11rord Tochmical Date = 1047
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21
regcont rolativistionlly correct extrapslation made Uy .fyron(") s ore indlstinguigh-

[y

5. . .
e Aron - Private communlcebion

oo,

cble from the present experlmonbal resulds up to 35 lov.

The effect of widely different hunidity conditions on plates bolore
oxposure is indicoted by the 5 rolubs eb 338 lov, and the 2 noinbs ot 17.6
love It wus necossary to evacusbs clabtes for ot leost G minutes belore exposure

o thob solsbure condlilons were nob cccuretely imown. Mo difforence wos found

botweon § minutés and § hours evacustion of 1001 emulsions wi.ich had previocusly
comw Yo equilibrium in e normal Derleley chmosplore (75° F, UL N.i.) and these
vlabes are therofore called "dry" in the presont study., ilowover, Uhe 17.6 lev
point shows difference botween O ninutes evacuation of such a plate and C minubes
evacuation of a plete which had been exposed to soveral hours of rainy wocther

(98] Neile)e lLarge chanpes ocourred as shown at the $3.5 oy peint, when 2001

plates were plven 6 mimutes cvacuction afbor 24 hours oxpesure to 93 percent

o

Relle at 757 ¥ in a zm@}zgz‘»{}é constent hunidity chambers The 30 percent humldity
polub wes obbtailned with o plate wihleh had boon nainbained for 24 hours over
st IEZ,QCLQ

An approximate velue for the renre of pretons in thoe plass boeldng
of C2 nlotes was found by msasuring the lonpth of traeks whish hed lrovelled
most of thelr roange in the glass. Protons from the consomsrpetic (X100 Lev)
boem of the ilczrkeley linear sgoelorator worc used in this exverinont. The
roppe of the -rotons of approzimetely 30 v energy wes {found to be 18 e

porcont lorgor in glaess then in dry C2 enulsion,

Discussion
EE o L S S
The rmmbors used sbove bto illustrate the caleulatlon of nonontum

from bearpet and plabe radius are only erproxinate because the provons did not
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follow o circular orblt in the rodially decressing cyclobron field. robous
leaving the terpet ot o cyolotron radius rq ot o emall cogle 8, fron the
baclarerde airoction, onter the plate (rg) at & different small angle 6, to
porpondionlar and heve e nomentun piven by the oxpression |

1 2
o iydr
¥y cou 93_ + 2‘2 COB QE ‘ y

ey
3
Stoprigs interrablions is roguired te ovuluebe the intepral. Mioure 4 shows
o group of values of 93_ deternined craphically by stepwise trajoctory nlotiing
gtarting with various veluwee of Gz. In the range-onerry sbudy only tracks

entering the ocuulsion et 0° * 5° woro measured, so Shet the difference between

aog 8y rnd oos Oy wau moglipible, and tho oxpression for TF could be writlen

a0 B v
i mm..u»...;@“f; 2 rar
1 o
r

1

The velue of the intepgirel was obbained by muserical inteprution using sbaolute

A
£ield oalibretion ot 4 podnts by s irar foousilos bo 4 paugs accurnoy in the

14,000 rangs field, and {£lin coil mmumzmnt&s of rolotive flolds ot 1 ineh

6. . . )
Privote comanicotion from . Sewwll

inbervals clong a redius. The relobive values ot the differcnd points in the
flip eoll measurements were ostimeted to be accurste Yo 0,1 psrcent, - - .
The field is shown ss o funcblon of cyolotron rodius in Figure 5. IV wes assumed,
in the interrotion, thet the cyolotron ield had asinuthel syretry.

The chief 1l:i% %o the sccurccy of the results wos due Yo seatber in
renge of supoosedly monselerpatic wrotong. The uew squere ssetior of 1 vercont

-
A

%o 3 percent in ronges was pertly soused by inaccuracles in mecsurement of

entrenee wuple, pertly by “skioping” of protons clon; the omulsion so thol the
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gotual boplaning in the osmulsion wes nissed, and sonetines consed by surfece
fop which nrevented exnct determincbion of the bogimning of o brocke Approxi-
notely half, howeveyr, c¢ould bo e.m-amm‘bad for i:zm orotically by

shroageling. Probeble error gf tho meon due to sonltter in range wes less then
07 porcont for each enorgy velue, lowever, it seoms wwrise Yo claim botber
than %2 porcent ecouwrscy for tho range-ensryy relabion becsuse of incomplete
sontrel of enmulsion moisture, and ignorsnoce of possible verlcbions in emulsion

scapositions .
The point ab 1644 Vov which lios 25 ebove the curve noy bo caused
by "sihipping” or verheps an error in the rm&iuﬂ‘i:o which the terget wes sobe
AlL obher points lie within 1/8% of the curve defined by the reletion (1).
The relation ig probably occursbe to bebler than 27 for any batoh of dvy Bl,
B2, C2, (3 or G5 plates.

The authors wish to oxpress their epprooiation of the stimulebing
interest of Profs B. 0. Lowrence, and of the cooperation of the cyclotron crowe

The worlk Jdoscribed in this paper wis done wnder the susploes of

the Abomic Dnerpy Commisslion,

Inforanstion Divigion
O 10ed0 iy
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Pigure 1

Schomatio of crrappgesent for range-enorpy eoxperliment.

‘



CENTER OF
-

P BEAM

PROTONS EJECTED FROM
TARGET IN BACKWARD DIRECTION

CYCLOTRON

/%/

N

TARGET PLATE
/7/////
HIELDING /
} $ $ } } }
30" 40“ 50" 60" 70" 80“

137751









"
s

w43

Flpure 2

Rongoe of protons vSe ONOXEYs
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Plrure 3

Power law epproximation for ronge-enerpy relotion.
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Zalgsion engle v entrancs angle.



ENTRANCE ANGLE OF PROTONS

IN PLATES

R, 8, R, @,
80" O 273 -1°45
80" -3° 27.4 +1°15'
80" +3° 27.6 -5°0°
g8o" 0 330 -2°35'
80" -3 33| 4|° 25
so" +3° 33.2 -4°45'
80" O 377 ~-1I° 45
80" -3°  37.7 +41° 25
80" +3° 37.8 -4°40'

BEAM

14082t
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Figure B

Cyelotron magnebic Dield ve. radiug.

&
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