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Cross Sections for Attenuation of 50 Mev 1f+:Mesons in Various Nucleio 

Do Stork 

Preliminary results have been obtained on the two~+ beams studied, 

62 Mev and 85 Mevo In the experiment the beams were taken out of the cave 

in a manner similar to that used by the cloud chamber groupo The targets 

used vere 1 ino polyethylene and 1 ino carbon respectivelyo The proton 

beam striking the target gave a ~+ meson beam bent magnetically t~ough 

~900 and with the momentum selectedo The beam then was directed through 

the cave wall to a counter telescopeo In the front there were placed 

two stilbene crystal counters ,and in the back an 8 ino diameter liquid 

scintillation counter o The three pulses from the counters, after being 

separated by delay lines, appeared on a scope which was triggered by a 

double coincidenceo The scope was photographed and the pulse heights 

were measured later by re-projectiono For the 62 Mev b~am a plot of the 

counting rate vso the magnetic field located the production peak of the 

meson beam f~om ,polyethylene, the field being set at the peak counting 

rate 2'11'+/in2/seco For 'the 85 Mev beam the field was set at maximum, yield

J.ng lo5T(t;'in2/seco from the carbon targeto A check of the range for both 

beams gave a width of~ 3 Mev for the 62 Mev beam and ± 8 for the 85 Mev, 

the range resolution being not too good in the latter caseo 

Contamination was studied by a combination of differential range 
~ ._;, . . . ·.' 

curves$ the pulse ~e:Jght, the momentum~ etGo The,q meson contamination 

is due to '1i decay in flight and is given off within a 16° coneo Oonse-
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quently, two energy groups appear~ ,.__.83 Mev from forward center of mass 

decay direction and~23 Mev from the backwardo A pulse height analysis . -

of the 62 Mev beam gives the following percentages' after a pro~uction 

target in, target out subtractiong 

93% ?r+ ( < 5% in 83 Mev A group) 

2% 23 Mev ..l.tuS 

1% minimum ionization. particles 

4% large pulse particles . 

High energy .A< 1 s cannot be distinguished fr_om the 11 1 s by pulse height 

but should be of the order of~4 percento Although the work is not fin-

ished with the 85 Mev beam, the percentage picture is about the same 

except that there is far more bac~ground in the large pulse groupo 

There is quite a problem with multiple coulomb scattering in doing 

attenuation experimentso A large back counter is required in spite of 

bad coulomb geometryo At present the data obtained on pulse height dis~ 

tribution (counting rate VSo PoHo) from the back counter gave _a good 
-- . 

fit with a Poisson distribution curve and showed adequate separation 

of true zero pulses from statistical fluctuations in the pulse height, 

and, the data from the two front counters for the 62 Mev·~+ beam gave 

a Gaussian fito Figure 1 gives the anticoincidence pulse height distri,.,. 

bu.tiono The n+-beam Gaussian distribution fits the ,_f peak welL Here 

the second group is significant since it represents 100 percent stoppage 

in the absorber o It is identified as being .t.~u s in the 23 to 25 Mev groupo 

This low group fits in with the idea of 1T-.4 decay o Corrections ·in cross 

section due to overlap of~ group are essentially negligibleo 

Due·to-the geometry designed to overcome multiple coulomb scattering 

the angle of acceptance of the back counter is iarge an,d~ therefore~ 

•, 

I 
-,I. 
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some particles from stars and from elastic and inelastic scattering pro-

duced in the absorber will record in the back eounter and will not show 

up as anticoincidenceso This effect will be small for the geometry used 
; 

with the lighter elements but rather large for the heavier elementso 

The fol~owing taole gives the cross section values obtained for various 

elements used as absorberso Because of the _different angles used between 

the elements it is difficult to make a valid comparison.of the cross 

sections until more complete results are obtainedo 

Absorber Back counter Total cross section Ratio of a' to 
angle (mb) nuclea.:r area 

Be JOO 149 i 16 Oe56 ± 0.06 

c 30° 212 ± 19 o.65 t o.p6 

50± 8 Mev Al 45° 397 ± 40 0.70 :t 0.07 

Cu 80° 391 ± 90 
' -1- . 

0.40 -0.09 

Pb 80Cl 1330 ± 200 + 0.92 .. 0.09 

75! 10 ~ev c 20° 264-.:!: 31 ,0?81 * Oo09 
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Il:o · Meson Carbon !nteractiono.· Ro LeLevier 

Lederman °s experimental results on 7r+- carbon interaction when 

first reported at Rochester created considerable commento In 12 percent 

of the cases with~+ he got two protons, 60 Mev, going in opposite di= 

rectionso This would be compatible with the reaction 

7t+d---7P+P o 

According to Levinger theory of the photoelectric effect there are 

lo6 A deuterons 11floating 18 in a heavy nucleuso Lederman estimates the 

number to be of the order of 5 Z or~2o5 Ao 

Lederman gets the following data and curves: 

Elastic 
200 - 180° 

. ·"''I ~ 165 ± 15 . 

.7T + 88 !:: 11. 

Total abso 

194 ±. 28 

168 ;t ·30 

Total cross section 

359 mb 

257 mb 

. .; ·. . . '• " . : . ' . ~ .. -----------------. . . . . . 

Elastic 6$ < 15 Mev 

. Inelastic /!l. E >. 15 Mev 

mb 
100 

10 

, , 
, , 

,interference effect ,, 

... 
.Figure 2 



The total cross section is of the order of ~R2 and not 2 ~R2 o 

For carbon there apparently is a large transparen_cy effect o . In heavier 

nuclei ~t is close to geometric and does not depend too strongly on en

ergyo Bethe has analyzed the-transparency effect and on the basis of 

the optical model gets an ~ttractive potential 1 

v0 = 10 Mev t 10 Mev 0 

' ' 

Because of the apparently small index of refraction Bethe infers that 

the amplitude for scattering of mesons by a free porton should be of 

opposite sign to that for scattering by neutronso 

Peaslee has investigated the interference effect (Figo 2) at small 

angles near 20°o 

For~-, fcoulomb(e) > 0 at small angles 

'lT-1-, fcoulomb(G) ( 0 at small angles 

Interference between Coulomb and a shallow attractive nuclear potential 
·. 

·would explain the difference. in the 11+ and 'Yf-curves in Figure 2o 

On this basis one might conclude that the deductions from Schiff 9s 

non-linear theori'are untenable sin~e the.prediction is that the scat= 

tering of mesons from nuclei should be like the scattering from repul= 
,~ ... 

sive sphereso However, one notes that a·potential which is all repul~ . 
sive or all attractive cannot lead to a fit with the data over the en-

tire angular rangeo A pptential which is repulsive over the central 

region of the nucleus and attractive near the surface leads to the cor= 

rect interference effects at small angles and still gives a p~ak in the 

backward directionso 

Recent experimental results by Fermi in meson - nucleon angular 

distributions indicate the interaction to be perhaps too complicated 

for simple models to comprehendo The angu;J..ar distributions according 
• 

l 
~--~ 

,! 
·: 
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to him are fitted by a formula a~ b cos 9 + c cos e2 ; where a, b 

arid c are coefficients determined experimentally. Fermi gives the fol~ 

lowing values for a, band c for 135 Mev mesons: 

a b' c 

11+ 3.8 :!:: 2o2 -6.8 ± 2.7 17.5 + - 6.6 

lf" charge exchange 1.21 "!: 0.22 -2.5 . ± 0.32 6e0 ±J.o$9 

1T- elactic loll ::- 0.61 -0.03 ±: 0.32 0 0 45 :!:: 0 0 68 

Peter Wolff calculated the angular distribution on the basis of 

gradient coupling with- damping. 

1f + "- 1 + a cos 2 9 

1T-charge exchange "'-cos2 9 

'71-elastic -- flat 

The isobar picture predicts the ratio for "''T+: 1r-charge exchange: 1T_,-elas

tic to be 9 2 ~ L - Integration of Fermi 8s experimental- data above 

gives 9 : 3 lo 

Information Division 
5/7/52 bw 


