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ABSTRACT

A renge curve was taken in G5 gbripped nuclear emulsion of the ox-
ternal beam of the University of Chicago synchrocyclotron. The range of this
beam in eepper was also measured in order to determine its cnorgy. Having a
mean range of 41,1 1.1 g/em® of copper, the beam had an energy of 208 % 4 Mev
socording to Aron's tables. The mean range of the same beam in G5 nuclcar ¢=-
mulsion at 47 percent relative humidity was 41l.3 Y. g/'cm2 which is about 1.2
peroent longer than that from Heinz's measuremonts and about 1.3 porecont short-
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er than that caleculated by Vigneron. at 47 percent relative humidity the avg
rage density of the emulsion was measured to be 3.85 % .01 g/cm3, in good

sgrecment with the ealculations of Wilking,
I, TINTRODUCTION

IlIford G5 emulsion, because of its sensitivity to particles d mi-
nimum ionization, has many applications in high energy physics. Tt has beon
used extensivelyin cosmic raoy and meson physies and has provided much informe

ation about nuclecon-nucleon collisions at cyclotron and cosmotron energies.

In cxperiments in which nuclear emulsgion is used if is often neceg
sary to know the encrgies of the partic’.s that take part in the observe phe~
nomena, When the trocig of parilcles do not end in the emulsion one oan get
an estimate of the encrsios by measuring the grain densities of the traoks.
But when a tracl: onds in tho emuleion it is possible to get a precise measure-
ment of the cnergy by using the range-cnergy relation for the particle in emul
gions This gives considecrable importance to the experimental determination
of this relation.

Therc are many data for proton energies up to about 40 Movd This
oxperiment, in which the range of 208 Mev protons wes meagured in G5 nuclear
emulsion,was undertaken to extond thoe experimentally determined range-—energy
ourve, ot about the time this mcasurement was being done,however, Hoinz's2
results wora sublt chotigivingthaosingo of 342.5 Moy protdns in (2 emulsion as
well as its specific ionization at energiles ranging from 320 to 230 Mev. The
two results are in sul'stantial agreement, The compositions of G5 and 02 emul
slon are so sirilar that ranges in them shonld not differ by more than .1 per

cent,
IT. EXPERIMENTLL LATQUT

An exterr:’. well-collimated monocnergetic bsam of protons was scéﬁ
tored out of tho Chicngy 170-inch synchrocyelotron from an internal beryllium
target ot a 66 inch rodius  The seattored preotons were analyzed energy-wise
by deflection in the fringing field of the cyclotron mognet, and then were de=
fined as a besm by passing through two collimators in the heavy shields  The
first oollimator locatced imside of the synchrocyclotron room, was a 1/8 inch
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vertical slit obtained with stainless steel bricks. Iwenty feet away, out-
side of the biological sheild, was a second collimator of 3/3 inch diamster,
Following this the beam was deflected a second time with an auxiliary magnet.

The arrangement of the experiment is shown in Fig.l, The proton
beam already analyzed in the fringing magnet field of the cyclotron enters the
experimental aree through the collimator A,is reanalyzed by the auxiliary mag
net B,then passes through sn auxiliary shield Jused to avoid extraneous back=
ground,

The proton beam is defined by 2 monitoring telegcope coincidence
counters C, which also cout the number of protons in the incoming beam in a
particular megsurement, The beam traversing counters C then proceeds through
a hole in a heavy steel shield D and reaches the abgorbers.

The protons coming to rest in the absorbers, seattered out,er ab-
sorbed are counted by a large anticoincidence counter F, The preliminary aligne
ment of the system was aided by a cathetometer H in the beam path at the end
of the experimental area farthest from the cyclotron.

III. COUNTERS .IND ELECTRONIGS

The monitoring counters were eircular counters made of plasticsein
tillator "Pilot BY of 1/8 inch thickness and 1 inch diameter, The anti-coincl
dence countor F is a large circular liguid seintillator, 9 1/Z inches in dia-
mocter and 1 inch thick.

This range determination was conducted as an auxiliary experiment
to a mescurement of total cross secbions,as the setup was thought sultable.
Thws enly & brief description of the electronic cquipment will be given here
as this equipment is described clsewherec in detaild,

Fast counting systems and fast resolving time coincidence circuits
are necessary to obtain reliability with the counting rate used and in order
to minimize background caused by accidental coincidences, The signal pulses
from the monitor counters CLl and €2 (Fig. 2) were amplified by two and a half
distributed amplifiers of 200 megacycles band width and a voltage gain of 10
each. The pulses werc clipped to 8 x 109 seconds by shorted cables and fed
into a two chamnel crystal diode coincidence circult developed at the Univer-
sity of Chicago by J. Fischer,
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The pulses from the two photomulbiplier tubes of the anticolnciden
ce counter F worc amplified by three distribufed amplifiers and connected with
out clipping to a diodc coincidence~anticoineidence circuit which also receis-
ved the pulses from the first two eounters by parallel connection from the
first coineidence circuit. The output of the coineidence~anticoineidence cir
cuit was fod to a Hewlctt~Packard 10 megaoycle scalers Both fast scalers were
followed by slower scalers (scalc of 1000) and mechanical reoglsters. In order
t0 corrcct for tho time of flight of the particles and the transit time of sign
als in the tubes, amplifers,and connecting cables,the signals were transmitted
through a 180 -~ line switch=box capable of giving intcgral time delays from
1 to &3 millimicrosceonds.

IVv. iBSORBERS

The absorbers sconsisted of 115 discs of Ilford G5 sbripped emulsion,
5/8 inch in diembtor and ranging in thickness from 1170 to 620 microns, The
length of the stack was 11,30 cm, Maintained at a relative humidity of 47 peyp
cent by geing kopt in equilibrium with a saturated solution of potassium ni-
trite, the emulsion had an average density of 3.85 % .01 g/cmi-This agress,
within experimental error, with the density predicted by Wilkins'4 curve of den
sity vs. relative humidity if one takes 4.18 g/cm3 as the density of absolubg
ly dry emulsion as published by Ilford?,

The electrolybic oopper absorbers used to ostablish the energy of
the beam had a density of 8.91 % .02 g/cm3,

V. RESUITS

Firgt tho attcnuation of the proton beam in copper was measured
using the anticoincidence method, from which the integral range curve(Fig, 3)
was drawn, In this curve the relative number of counts(coincidences minus an
ticoincidencos)is plotted against range in g/cmz. From the peint of steepest
slope of the curve the mean range R* was obtained. This range R¥, mecasured to
be 48,9 g/em?, is not the actual range along the trajoctory but rather a pro-
Jected range. The rectified range R, because of multiple scattering inthe ab
sorber, is somewhat longer and may bc obtained by adding a small correction6,
which for protons is approximately given by R=~R¥ = RZ/6400 wherc Z is the atg

mic number of the absorber, The corresponding energy of the proton beam was
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found to be 208 X 4 Mev from ironts’ renge-cnergy tobles for a mean range Rof
41l X .1 g/emR. The beam cnergy inhomogeneity, ® 4 Mev was calculated from
the experimental straggling using the range extrapolation method,

The G5 nuclear emulsion mean renge was measured by reducing the 1
inch diameter beam used for the copper measurement to a 1/8 inch diameter beam
ty. tha use of a copper collimators

The mean range of the bean in G5 nuclenr emulsion was determined
in the same way as that for copper, and is also given in Fige3. The projected
mean range was found fto be 41,1 r.z g/omz. Applying the R-R¥# correction,one
obtains 41.3 F .2 g/cm? as the rectificd mean range of 208 * 4 Mev protons in
G5 nuclecr emulsion. This is about 1,2 percent longer than the value caleulal
ed from Heinzl!s results, using his measured range in 02 at 342.5 Mev and his
measurements of dE/dx, The errors of the two values just overlap. The measured
range in G5 of 208 Mev protons is about 1.3 percent shorter then that ocalculal
ed by Vigneron(and extended to higher energics by Barkas), With respect to the
range in copper of 208 Mev protons the measured range in emulsion is about 5
percent longer and Vignoron's caleculated value is about 1.8 percent longer,
whereas the range in onulsion ealculated from Heinz's results is about .7 per

cent shorter.
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