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ABSTRACT 

Range measurements were made in Ilford G.5 emul13ion exposed to a 
magnetically separated beam of positive K mesons accompanied by pions of 
the same momentum, 360 Mev/c. The pions had a velocity v = 0.92c. Five 
1T-meson tracks, each approximately 34 tm in length, were measured. The 
momentum of each particle was also determined. The results-were then com
pared with the Barkas range -energy curve, and found to be 0.5 ± l.Oo/o higher. 
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INTRODUCTION· 

These measurements were undertaken because of the scarcity of range .. 
energy information on particles with high· ·velocities. The highest velocity 
heretofore measured was that of pions with an equivflent proton energy of 
700 Mev, a track length of 13 em, and a 13 of 0.82. The pions in this ex-
posure had an equivalent proton energy of 1600 Mev, tracks that were 34 em 
long, and a 13 of more than 0.92. The range-energy relation curve in this 
region is an extrapolation of that at lower velocities and assumes the Bethe
Bloch theory and the Sternheimer density correction. 

The exposure consisted of sixty pellicles of Ilford G.S emulsion, each 
of which measured 13 by 3 in. by 600JJ. (see Fig. 1), The stack was exposed 
by Heckman, Smith, and Barkas to a magnetically separated beam of positive 
K mesons and pions 90° from the target. The pellicles were made long 
enough to stop the backgro~nd pions. The K mesons were used for a mass 
deter~ination, and a graph of residual range vs entrance coordinate was 
made. .· 

In his paper,3 Barkas has normalized all the measured ranges to 
"equivalent proton ranges," which are the ranges that. protons would have at 
the velocities of the measured particles. The quantity l. is defined by 

where "- is the equivalent proton range, Z is the charge, R is the range 
in centimeters of the measured particle, and M is the ratio of the mass of 
the measured particl~ to the mass of the proton. In this case, B was 
estimated by Barkas 4 to be of the order of 10-S em and, as such ~s negligible 
for this experiment. 

The factor "- and the ratios of mass to momentum and to kinetic energy 
are all functions solely of the particle velocity. Therefore we have 

"- = R/M = f(p/M) = g(T/M) 

where p is the momentum of the measured particle and T is its kinetic 
energy. 
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Fig. 1. Typical pellicle of the "lD" stack. 
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Because the beam is magnetically separated, the momentum of the pion 
is the same as the momentum of the K mesons entering at the same grid 
coordinat~. Know_ing the ·ratio of th_e · K-meson mass _totheproton mass to be 
0. 526491, and us1ng the .aforement1oned graph of res1dual range vs entrance 
position, I obtained the K-meson range at the point of each entering pion:. 
From tfis range, we can determine the pion momentum using the range -energy 
curve, which is believed to be reliable' to better than lo/o in this region. There 
is an over-allpossible error oflo/ointhe pion-momentumdeterminatiori~. 

Knowing the ratio between the pion mass and the prot~ri inass to be 
0.14882, 5 I calculated the equivalent proton energy and converted the range 
to the equivalent proton rang~, which I then plotted and compared with the 
Barkas values. for the same momenta. For comparison we define the per
centage deviation as 

u:::: Rp- RB 

RB 

where RB is the theoretical value of the range from the B~nkas curve, and 
R is the equivalent proton range of the measured pion. The final results 
a:?e 

(u) == o.5 ± 1.0% . 
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. MEASUREMENTS . . . ·- '• ;_, . ' 

The .far edge of the ."1D' 1
, sta(l~.was~ s.ca~n-~d.for pi-m~ de_c:ays in vvhich, 

the pion track was flat .and had an.angle tha.t :"\/o~ld take it approxim?-tel y to the 
front edge, Out .. of the seventeen t:ri:l,cks qbse.rved, fi've .pions did .come int6. · · 
the front edge with an acceptable ql.p .. Th~setracks were measured, by a. . 
process similar to thatby whi.ch the: K-meson. ma,ss-rq.tio ~easun~me.nts 
were made. The track can be described as the sum of straighL-line.segments,. 
in which a new segment is measured each time. the angle of the track change~ 
by 5° and each time it enters a new.p~llicle. we· can write 

.. E .••.. [(4xl2, + (Ay) 2 + (S04):z)~,I/Z 
segments . 

R= 

where S is the shrinkage factor, determined by measurement before and 
0 . 

after processing. The track does not have to be followed completely to the 
front edge. Where the particle enters the em-ulsion, the range is almost 
completely in the x direction, so that the amount of missing track can be 
estimated to y.tithin 100 f-l., and by us,e of the. angle at the point nearest the 
front edge, the.· track can be projected to its entrance. point and. the range 
added. . . . ... 

RESULTS 

The results of the pion measurements are shown in the table below: 

Range -energy curve compar1son 

Particle RK p =·P 
K TT 

p 
No. 

1 

6 

7 

10 

16 

(em) (Mev/ c) 

5. 70 345 0.9268 

5.95 350 0.9289 

6.60 362 0. 9 329 

5. 70 345 0.9268 

6.02 351 0.9292 

Range straggle = 1.9o/o 

(u) = o.s ± l.Oo/o 

R 
(em) 

33.369 

34.408 

34.919 

34.282 

34.405 

):~ 

):~ ,:,:::< 
u A. '>-B T 

eq. pr. T/M 
(em) (em) .. (Mev) 

224.2 223 0.4o/o 1563 

231.2 228 l.3o/o 1594 

234.6 242 -2.9o/o 1669 

230.3 223 3.1o/o 1563 

231.2 230 0.4o/o 1600 

>- = R eq. pr.- p 
' 

• 
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