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ABSTRACT

Plus-minus ratios for pion preduction by 340 Mev proton bombardment were
measﬁred at 13 Mev, 18 Mev, and 42 Mev with the use of the spiral orbit '_spec'fro-
meter. ' | '. o | |

Mesons of known energy 1ntervals emitted at 90 produced by the proton
beam at the target on the axis were efﬁmently detected by the. CZ 200p. plates
located near the outer edge of the pole pieces.

Out of the results obtained by scanning the plates the w /'rr ratios at three
energies from Be, C, Al, Cu, Ag, and Pb targets were obtained. A rough esti-
mate of the Z dependence of 1r+- production at 42 Mev was also made.

Since the spiral orbif spectrometer was found to be quii_:_e useful for this
kind of experiment, ekperimental details and some of the results ‘of. fhe_ tests are

given.
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: EMPLOYMENT OF THE SPIRAL ORBIT SPECTROMETER .
TO MEASURE PION PRODUCTION RATIOS BY PROTON BOMBARDMENT

Ryok1ch1 Sagane

Radiation Laboratory, Department of Physics,
University of California, Berkeley, California

May 26, 1953
INTRODUCTION Y

1 R L. L . . E Y-

In the study of the production of charged w-mesons in nucleon-nucleus col-

7/

lisions, the w /-rr ratio is a quantity suitable for the compar1son of experimental
results and the theoret1ca1 calculatmns

. Generally spea.kmg, the mechamsm of the meson, productmn due to nucleon-—
nucleus collls1on is too compllcated to be compared with theories and to gather
1nformat1on about the choice of assumptmns or approx1mat1ons in djfferent '
theories. Yet it has been pomted out that not only the bas:ac production processes
in .nucleon-nucleus collisions, but also some more detailed effects should be
takenlinto account. For example ‘the effect due to the finite nucleon momenta
1nS1de of nuclel, the effect due to the Coulomb f1e1d and the effect due to the
nucleon collisions with the produced mesons before emission are among the '
factors to be taken into cons1derat10n As far as these effects are concerned
some developments of theorles have been made and are about ready to compare
w1th experiments.

From the exper1menta1 po1nt of view, =« /-n ratios have been measured
since shortly after the discovery of the artificial mesons. Most of these earher :
experlments were made inside the cyclotron vacuum chamber w1th the use of
separate channels and d1fferent plates for 1r+ and -'r_r mesons. Since these two
points have introduced some ambiguities and inaccuracies, the later experiments
were made mostly with the use of the same detector plates for both 'n'+ and w
, mesons. ‘ : - : ’ | ‘

Two kinds of techniques have been used on this line. The first one was
developed by Drs. C. Richman and H. A. Wilcox® using the external proton
beam. Mesons produced at the target and emitted at 90° from the target were:

dete'ctved by nuclear plates embedded in a set of copper wedge: absorbers. The
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second one was developed by Dr. W. Barkas et al. 3 using the internal beam of
the cyclotron. The detector plates were .put several 1nches below the plane of
the c1rcu1at1ng beam, embedded in a sét of copper Wedge absorbers ‘Both’ pos-—
‘1t1ve and negative mesons emitted downward from the target were thus detected.
Since the lines of force of the magnetlc f1e1d of the cyclotron are parallel to the
motion of the mesons, the 1nf1uen¢e of- the magnet1c field isismall and, conse-
quently, the difference of the effects for the 1T+ and v is nearly negligible. The
proton beam intensity was monitored by the use of the induced rad10act1v1ty pro-
duced in the thin polystyrene foils placed in front of the targets. Almost the
same techmque was adopted by the Columb1a Un1ver81ty group, Block et al 3
later. e ' s Y s
The data obtamed so far gave mostly some rough 1deas of the meson spec-

tra and the /1r ratios, but in most of the cases, “the accuracies were not al-
'Hways sat1sfactory, malnly because of the poor statistics. In general the ex-
posed plates in the two kinds of’ technlques suffered from h1gh background ‘and -

this not’ only ‘made the” scannlng harder but also limited the exposure time’ of

“"“the bombardment.

" Since the spiral orbit spectrometer provides almost 2w angular focus1ng,l
and ‘has other features which make it weH adapted for the measurement of the .
] /'n' rat1os the author has carried out a number of measurements ‘to 1mpr0ve
the accurac1es of some of the results on the w /'n' ratios. ' e

"The oresent exper1ments cover only three energ1es and ‘data are 1ack1ng
at high energies to compute 7 /'n ratios for the total cross sections. An ex-
periment on the Z- dependence of 1r+ and 7~ production as a functlon of energles
is now belng carrled out however. From the data on Z dependence, one can
".automatlcally calculate’ the = /TI’ ratios at each energy so that one ‘can expect

that more accuraté information on the 1ntegra1 rat1os will bé provided.

N pE
Lo i

. EXPERIMENTAL CONDITIONS
The 340 Mev protons 'defl-e‘cted. out from the i;,yciotron were collimated
\
to either 1 1nch or 1/2 inch O.D. and were passed through al- 1/2 inch I. D.
hole on the axis of the 20 1nch O D pole pleces of a large electromagnet _
Focu31ng of 8 Mev plons was obta1ned w1th az- 5/8 1nch £2p, and of 13 Mev o '

pions w1th a 1- 1/8 1nch gap Energy loss through the target mater1al was more,

significant for the energy spread than the resolution of the spectrometer As
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a result these settings corresponded to average energies of 13 Mev.and 18 Mev,
respectively. Use of a tubular absorber (10 mm wall, Cu) at the 8 Mev sett1ng
made possible the detection of 42 Mev mesons. ‘ . '
Two l-inch x 3-inch Ilford C2, 200p plates were put together with emulsion
side face to face, so that a thickness of 400p of emulsion covered by 1 mm thick
glass absorbers on each side was available for pion detection of both signs. = Since
the range of 8 Mev pions is about 1.5 mm in emulsion, one or two layers of 5 mil
. copper foils were added so that the number of pion endings would be equally shared
by the ‘plates. As shown in Fig. 1, mesons of right momentum approach the stable
orbit, following the illustrated type of a spiral trajectory, and hit the plates mount-
ed behind the radiation shield with surfaces perpendicuiar to the incoming mesons.
Because of the fact that the detectors were located about 1l inches from the
target at 900 relative to the proton beam and shielded against radiation from ‘the
target by a 2-inch lead brick and a stack of wolfram plates of about l-inch thick,
the background proton tracks caused by neutrons were quite small in number.: .
As a result, it was possible to make ample exposures so that the density of
mesons in the plates was quite high and still keepiﬁg the backgfound reasonably
low. Scanning of about 50-200 pions per eight hours was easily made for the
plates properly exposed. | o |
Scanning was made over the same central area on the plates w1th acri-
terion not to count the events which occurred within 10 microns from the top
‘and bottom surfaces of the emulsion. The number of w-p decay was taken as
the number of 1_r+ endings. The number of m stars with one or more prongs
(v~ stars with one club were not taken as one prong stars) were counted, The
number of n~ endings Was derived by dividing this number by a_factor. 0.69,
which is the known (and also checked) probability of having one or more prongs
in w stars (as shown in Fig. 8 and discussed later). ,

. Determination of detection eff1c1enC1es for- -n'+-p. decay and 7~ stars was
made by sca.nmng the same plates several times. The results were not always
the same, but 90 percent for m- p decays and 97 percent for m stars seems to
be adequate for evaluation of w /11 ratios.

The main features of the present techmque adopted here are as follows
(1) Cond1t1ons for absorptlon through the target and for focu31ng close to

the stable orb1t are symmetmc for both s1gns of pions.
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(2)- Both energy resolution:and angiular acceptances are the same for both
signs. (Both the masses and the life'times for w'and w~ are assumed to be ex-
actly the same.} L '

(3) Since the same emulsion is used for detection of both signs' of pions,
the results obtained are entirely free from ambiguities due to the differences in
emulsion thickness and developments, -although the detection efficienciés for r-p
endings and m stars are not the same. '

-(4) _-,'rrf/'rr- ratios can be obtained based on the numbers-of n" ‘and 7 detected
on the same. run, 6n'_the same target and ‘with the use of the same absorber. '

(5) Very low pr,oton..bac.kground' tracks. o . o

Accordingly, the spiifal'orbit-‘spectr.omet‘er‘is deemed to be quite suited
for the study of .-Trf/fn--, ratios.: Of course, it is also suited for meson production
studies. But, due to.the effect of scattering through the absorbers and the tar-
get itself, calibrations for solid angles corresponding to each energy settlng

are always required for this purpose.
RESULTS

The results of the sdaﬁnirig and the dimensions of the targets used were
tabulated in Table I and Table 1. o | |
1. w /1r Ratios.

‘The Table III glves the - summary of the = /w ratio at three’ d1fferent ener-

gies on Pb, Ag (Sn), Cu, Al, C, and Be. This shows the following tendenc1es
(a) The effect of Coulomb field of nuclei reduces the number of 1r+ at low _
energies. As a fesﬁlt K 1?'4—/11’- ratios are all relatively lo{n' for 13 Mev. At
even 18 Mev thlS effect is ev1dent for heavy elements such as Pb Ag, a,nd
"Cu. ' ' ’ ‘ ' '
(b) For each of the elements the ratlos were h1ghest at 42 Mev and lowest
at 13 Mev.’ o
(c) For each of the energ1es ‘the rat1os are h1gh for Al and C and relat1ve1y
low for Pb, Ag, and also for Be.’ ' I ‘
~ Due to the effectiveness of the spiral orbit spectro'rnetér,- these results
were obtained with be’ttei" statistical accuracies than most of the fesuits so far
reported. Furtherihbre, becavfse"of"the vefy low intensity of background proton

tracks, as mentioned above, the probability of the accidental coincidence of a
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proton track beg1nn1ng at the end of a p meson track was neg11g1b1e Actually, the
number of meson tracks and the number of background proton tracks were in most
cases aroung one to one or, in the worst case, one to five in ratio. '

The results obtained here for 1r+/,1rf ratios are in general in rough agree-
ment with most of the results so far reported. 3 But there are several cases which
disagree by a.factor of two or three. An effort has been made to look for causes
- of these discrepancies, but no effect of sufficient importance has been found.ex-
cept the statistical errors. The author expects to gather the same type of infor-
mation in the course of the experiment on Z-dependence which is now under way.
He expects that this will give more definite information.

.. .The choice of the shapes and the dimensions of the targets was made so as
to;have.the same order of energy loss for the incident protons in each target and
also to have approximately the same absorption for outgoing mesons. As a re-
sult, cylindrical or tubular shapes were adopted for light elements and a conlcal
shape of proper thickness was adopted for heavy elements as shown in-Table I
and II. The energy resolutions of the present experiment were calculated as the
sum of the resolution of the spectrometer and the e’nergf spread ceused'by the
absorpfion through the targets. The half widths of the energy spread correspond-
ing to each energy are given in the tables.

2. -Z-Dependence of 1r+ Production of 42 Mev.

. .Although the mohitor‘ing of the proton beam intensity was not properly made,
the relative number of protons for each exposure made on the same day can be
roughly estimated from the exposure time,. since the proton beam intensity stay-
ed almost constant within 10-15 percent of accuracy during an hour or two of
running on the sa.n'lxe‘day‘, Relative cross sections of o production at 42 Mev
were calculated from the results of scanning and plotted ‘ver sus the atomic num-

_ber. of the target material. As shown in Fig. 2, the plot shows a clear 22/3 de-
pendence rather than Z1 dependence for high Z elements and a little ambiguous
for low Z elements. Further experiments on this problem are now going on as

mentioned above.

FURTHER EXPERIMENTAL DETAILS |

1. Focusing Obtamed by the Spiral Orbit Spectrometer

 The magnetlc field intensity distributions on the median plane versus dis-
tance from the axis on the 2- 5/8 inch gap and 1-1/8 inch gap are given in F1g 3
and Fig. 4 respectively. , Corresponding to each d1str1but1on,erdr and Hr
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were plotted as shown in the flgures Thé 1ntersect1on of these plots glves the
" value of p which satisfies the condltlon for’ the stable orblt of the sp1ra1 orb1t

spectrometer
| f Hrdr = sz

:As has been we]Ll known, the position of p, the p051t1on of the '"stable orb1t", cor -
responds to the position of ]/errdr = max, or A max (the vector potential). -
The radius of curvature at the point p of the plot of the vector potenhalA versus
radius is rather 1mportant in the theory of the sp1ra1 orbit spectrometer. '
A parameter X, defined by the formula)( = 2/n-1 where n =.-r/H -
:.dH/dr, has been 1‘ntnrroduced in the theory. The parameter X is proportional to
the radius of curvature of the plot of the vector potential versus radius at r = p.

Depending on the field distribution close to the stable oi"bi.t, the rate of i -
'approaCh to the stable orbit by the trajectory of a ehar~ged particle emitted on:
the axis is different. IfX > 1, the trajectory approaches the stable orbit grad—"
ually. If X <1, the. approach is much more rapid.. PR

- It has not been thoroughly studied as yet what value of Xmay give the : : "
- best compromise between resolution in momentum and adequate density on the ‘
plates. ' '

In Figb. 5 is shown a plot of the number of mesons found in the emulsion-
‘as a function of distance from the axis. (The value of X for this case was X =
1.5, corresponding to the case of the 2-5/8 inch gapi) This piot gives a rough -
idea of the focusinghof charged particles with the use of the spiral orbit spectro-
meter. " _ '

Since the magnetic field intensity is decreasing for increasing r; the dis-.
tance from the axis; a vertical focusing is also expect'ed.E - According to the
theory; of the spiral orbit spectrometer, the Z-component of the trajectory makes

an up and down oscillation relative to the median plane in the course of approach-

ing the stable orbit ,Th’e formula for this oscillatiqn has been given as
2 .
Z~C sin (a 1+ . .-t t = time
1 1 XZ o)

~C, sin ( ’\/ ) @ = angle of revolution
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This means that charged part1c1es emltted a 11ttle off in d1rect1on from 90 or. | ‘
charged - part1cles em1tted somewhat off in p051t1on from the med1an plane are ex-
pected to oscﬂlate up and down relat1ve to the median plane as they approach close
to the stable orb1t ' ,

If X <<1 as in the 1- 1/8 1nch gap, the perlod of this vert1cal oscﬂlatwn is
much shorter than the per1od of angular revolution, while 1fX>l or )C 1.5 as
in the 2- 5/8 1nch gap, the per1od of this vertical OSC1llat10n is comparable to or
longer than the per1od of revolution. As a result use of X>1 should y1e1d a h1gh
density of charged particles close to the median plane, wh1le the case )C <. l should
give almost umform intensity across the gap because most of the mesons w1ll os -
cillate up and down several times before they reach to the detector

The plots g1ven in Fig. 6 represent the number of mesons found in the plates
as a funct1on of_X These two plots support n1ce1y the predlctlon derlved from
the theory of the sp1ra1 orb1t spectrometer . ‘ _

" This focusmg effect is rather 1mportant because one can gam by at least
a factor 3-10 by focusing part1c1es em1tted within an interval of several degrees
from 90°, and also focusing particles em1tted in an interval of several cent1meters
from the median plane. The latter 1nd1cates the advantage of us1ng ‘a reasonably
wide gap w1th a target traversmg the whole gap for neutron runs and also for x- _
ray’ runs ‘Because of the, focuS1ng, the mesons created apart from the med1an

plane may st111 be collected close to the median plane

2. Computat1on of a Gam 1n Inten31ty in the Present Experlment » ‘

o The 1nten81ty d1str1but10n versus the distance from the med1an plane, as v_
shown in F1g 6, g1ves a rough idea of the gain in intensity due to the vert1cal fo-
cusing compared with the case with no focusing, A factor of three is obtained if
(a) the scanning is done * 7 mm only, relatlve to the med1an plane, and (b) the"
intensity w1thout the vert1ca1 focu51ng is assumed to be the ‘mean value of the to-
tal integral of the plot. ‘ . v

As for. the horizontal focus1ng, nearly 315 degree focus1ng was accomphshed
" which means a factor of 20 60 compared with the usual 15° —5 coverage But the
Imomentum resolut1on of the spectrometer was roughly * 3 percent wh1ch was
better than. necessary compared w1th the energy spread caused by some other rea-
sons‘. This reduces the intensity by a factor 3-10 (espec1ally for the h1gh energy
settings using absorbers). It has been found that a spec1a] type of magnetic f1e1d

distribution may give a larger AHp, so that one can reduce this factor almost to
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uni_ty. By taking into. aCCOunt the effect due to the life time o\f,‘pions discussed
later;, the overall improvement in intensity or density of. roe:s,Ons gaivned by the,
present technique is about 3-30 com-pared with the case of mere deflection. -

Furthermore, the area of enoulsic'm of having the above density is usually .
of the order of 15 mm x 20 mm or more, ~which is larger by a factor 3- 20 com-
pared with the use of a 15° wedge absorber in the deflectlon method.

As a result, the present technique seems to reduce by a factor of 10~ 600
the exposure time required in order to get the‘same_ number of_p1ons at the._d_e_,_— ‘
tector. ' - ‘ |
3. Effect of the L1fe T1me

Slnce the mean life for - mesons has been measured as . 2 55 x 10. -8 sec, |

some of the pions were lost due to their decay in flight. For this reason, it

is desirable to use higher magnetic field and to reduce the distance from the
source to the detector. The loss due to the life time amounted in the present
exper1ment to from 15 percent up to 45 percent, depending on the azimuthal

angle of emission from the target relative to the position of the plates. As can
be seen clearly in Fig. 1, lengths of path for pions vary from 15 1nohes_-upA to 60.
1nches

e

4. Detectlon of Mesons with Perpend1cu1ar InC1dence into the Plates

It is to be mentioned that the conditions are qulte different for deteCtuon .
,of almost monoenergetic and nearly parallel mesons compared with the case .of.
usual poor geometry experiments. The reasons why the usual tilted (15 +20. )
position of plates relatlve to the d1rectlon of incoming meson flux was not adopted
here are as follows: ) L
{(a) The demsty of mesons to be found in the emuls1on is proport1onal to sin
0 and 0 = 90° gives maximum density. ' ‘ ' _
(b) Due to the scattering at the absorber in front of the emu1s1on, 1nc1dent
| angles for mesons into the emulsion are mostly quite different from 90°
The probability of making not only small angle scatterings but making large
angle scatterings is also appreciable, expecially toward the end of the range. . As
a result, one can expect fairly long a\}erage path lengths of pions inside of the ..
emulsion b_efore they stop. On the other hand, due to the low background, not
much avrnbiguityv exists for tﬁost of the meson tracks so that the required minimum
path length _tov identify tracks _as thosel of pions is relatively shorter than in the

o

case with high background.
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_ Yet, one should admit that the probab111ty of hav1ng very short pion tracks
associated with very short muon tracks or nucleon tracks is certa1n1y high com-
pared with the case for tilted plates. This may cause a low detection efficiency
but this loss is only a few percent. |

’ - The author is of the op1n1on that the gain of a factor of a.bout 3 (arlsmg
from the larger value of sin @), which 1ncreased the number of events and de-
creased the statistical error, compensated the decrease 1n detectlon efficiency.

(c) The thickness of glass plates of C2 plates was about 1 mm. The

most efficient use of the magnet was obtained at 8 Me_v setting. The range of
8 Mev pions is about 1.5 mm 1n emulsion. This fat:t was the main reason for
.se"lecting e = 90°, |
5. The PrOJected Range Straggling Curve for 8 Mev Pions.

It has been well known that mesons suffer mostly small angle scatterlng
during their passage through the absorber, and when they approach close to the
end of their ranges they also suffer from large angle scattermg

Since mesons were detected by 1dent1fy1ng thelr end1ngs only, some rough
idea about the projected range stragghng curve 1s needed in order to calculate
the absolute detection efficiency for the 1ncom1ng meson flux.

This was done by adjusting the slit syster’n“ of the spiral orbit speetrometer
so that the energy resolution was * 2 percent for 8 Mev mesons. This mono -
energetlc meson beam was passed through a 50 ‘mil glass plate and 200p C2
emulsion. Next to this plate three 200p. NTB st_r_1p_pe,d emulsions were added, all
perpendicular to the meson beam. These emulsions were scanned and the mesons
were grouped for each 65 micron depth of emulsion.. The result is shown in Fig.
7. |

As will be seen in‘the figure, the endings of the parallel beam of mesons
spreads over 800p depth. If the .adjustment of thickness of absorbers is madé
correctly, then one can detect over 60 percent of the mesons with an emulsion
thickness of 400 microns. '

Comparisoﬂ of the number of .pions on each member of the pair of plates
exposed for 1r+/1r- experiments at the same time gives a criterion whether the
adjustment of the thickness of the copper foil absorber in front of the glass
plates was right or not. "Then, based on the study of this ;;rojected range strag-
gling curve, one can estimate the efficiency of pion detection with two:layers of

200y thick emulsion.
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For the case of :experiments of poor geometry, the conditions have not been
well established as yet. In most cases the prOJected range straggling curves cor-
respondmg to shghtly dlfferent energies are superposed and compensate each
other, so that the resultant curve ‘is almost flat..

The author should 11ke to mentlon here that the broad spread of this pro-
jected range stragghng curve indicates how ‘complicated is the observation of
single line spectrum such as the peak observed in the p + p—)D + 1r+ reaction
with the technique of a poor geometry. Not only the energy resolut1on but es-
pecially the. computatmn of cross sections is expected to be falrly inaccurate.

6. Study of Prong Distribution of w~ Stars

This study has been already accomplis hed by several authors 6 The same
statistics were also made on the results obtained here. The author _shou‘ld men-
tion here that he admits that due to. ,the l_ack of experience, especially in his early’
stage of scanning, he suffered some confusion in the definition of clubs.

Nevertheless, as shown'in Fig. 8 the statistics were in good agreement
with the results obtalned by Adelman and Jones.é The accuracy for the value
of 69 percent for the probability _of having one or more prongs on m stars is

. good enough for the present work.
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T ABLES
Table I . Summary of results and target dimensions used for Al C; ax_;d Be.
. Table II = Summary ',°f. re_.s‘u‘ltvs énd _‘t_arg'e‘t‘dimens:iqns usedfoer, Ag, ‘and Cu.

Table III  The list of the -wf/n-”ra'tios for ‘six él{e_’r‘rie‘rit_sfé;fti”fliﬂi_‘ee__uéﬁe_ﬁgié{é.
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+, - +, - | +7 -
Number '/ Number n" /%" | Number [/
of Mesons of Mesons of Mesons
+ 8 MEV SETTING +
Al 20T ;g4 T 656 a) 4,0 ™. 463 10
™ 61 T 116 B)3.9 w31
«2"—> el > v
" *n 0.0,
I | Ya
1™ THICK I™™ THICK ‘ A
c xt 556 1091 a) 10.5
w76 w 72 b) 10.3
v v
o ge. op.
=7 e,
A
5/|6|.D A
Be RV U a9, «ts1s 2y 7
= 77 * L 4 69 ) ™ 92 b} 5.6
Y. v, )
¢ ¢ %
4 i oD,
g’ Ne* A
MU-4511

Table I
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Magnet . ’
Setting 8 Mev 13 Mev 8 Mev + 10 mm Cu
Meson
Energy 13 Mev % 3 18 Mev £ 3 4] Mev + 2
Number Number Number .
of Mesons wt/n" of Mesons  nt/w" of Mesons w¥/m”
nt 84 A) 0.4 | wt28 11 wt 88 A) 5.8
Pb w- 134 B) 0.6 w17 w13 B) 3.0
2ll - 2“ B
@ f‘“ @ Tl"
™™ THICK 1M™ THICK 4™MhicK
ot 75 . A)0.65 | nt 26 ) 12 a+169 A) 6.0
Ag «~ 81 B)0.23 | n=-15 T 25 B) 4.0
v.h
%
A
™™ THICK ™™ THICK g
w+197  a) 1.7%4 =+ 96 A) 1.7 [ =t 254 A) 8.0
Cu w72 b) 2.C w37 B) L.9 w22 B) 7.4
VA,
'
(™™ THICK ™™ THICK 5™ THICK
MU-4510

Table II
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/% raties at 90°

Magmot 8 Mev 13 Mav 8 Mev + 10°%Cu
setting ) o
Mason 13 Mev 3 ) 18 Mev £ 3 42 Mev 2
Ewergy ’
P 0.47 0,1 1.2 £ 0.60 4e8 = 2.5
Ag 0.7 % 0.15 1.25 + 0.8 48 £1.5
tu 2.0 £ 0.4 1.95 0.5 83 & 2.5
A 2.5 £ 0.88 43 % 0.8 10.5 + 2.0°
¢ 1.95 + 0.3° 5.3 % 0,80 11.0 £ 1.5

Be 1.45 £ 0.3 5.1 % 0.9 6.4 £ 1.0.

A » Single rum measurements 7
Detection efficiensy for 7' being assumed as 90%, for W~ as.97%

Probability for h;ving more than ome: prrong'aﬁrl (meglecting
clubs) 1s assumed as 6%

medmon|

Table III ,
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' FIGURE CAPTIONS

Fig. 1 Schematic diagram showing the experimental arrangement.
- Fig. 2 Plot of the -n'+ production cross sections against atomic number
of the fargéts. | o
Fig. 3 _ Plot of the intensity disfribution of the'magnetic field against
radius from the axis at 2-5/8 inch gap with magnetic field shapers

in position.

Fig. 4 Plot of the intensity distribution of fhevmagnetic field against radius
from the avxi’s at 1-1/8 inch gap with simpie cylindrical pole pieces
only. | ‘ ' '

Fig. 5 Plot of the nunﬂber of »1r+ endings against x-coordinate on the plate.

The same was replotted against radius from the beam axis.

-Fig. 6 Plot of the number of 'n'+ endings against z-coordinate along the axis
of the .magnetic field. " The sectional views of the pole pieces are also
shown to give some idea of sharpness of vertical focusing reiative'
to the gap distance. ‘

Fig. 7 The projected range stfaggling curve for 8 Mev £ 0.3 'rr+ mesons
in emulsion. ' _
Fig. 8 Compadrison of the data obtained in this experiment and those pub-
lished by Adelman and Jones on number of prong distributions of

. m stars.

Information Division | - )
5/27/53 dm - ‘ -
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Fig, 1
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: I
Z DEPENDENCE. OF 'll'+ PRODUCTION z
AT 40 Mev..
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Fig. 2
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Fig. 3
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Fig. 5
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Fig. 7,
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