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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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I, Cross Sections for Attenuation of 50 Mev ﬂ%iMeSons.in Various Nuclei,
D, Stork

Preliminary results have been obtained on the two 1% beams stﬁdiéd,

,6? Mev and 85 Mev, In the experiment the beams were tgken out of the cave

in a manner similar to that used by the cloud chamber group. The targetis
used were 1 in, polyethylene and 1 in. carbén respectively. The proton
beam striking the target gave a T+ meson beam bent magneticaily_through
~ 900 and with the mémentum éelectedo The beam then was directed through
the cave wall to a counter telescope. In the froﬁt there were placed
two stilbene crystal countefs‘and in the back an 8 ino diameter liguid
scintillation coﬁntero The three pulses from the counters, after being
separated by delay lines, appeared on a scope which}gaé.ifiééered by a -
doﬁblé coincidence. The scope was photographed and'the pulsg-heights‘
were measured later by re-projection. For the 62 Mev bzam a plot of the
pounﬁing rape VSo the‘magnetic field located the productiqn peak of‘the
meson beagrfrom*polyethylene, the field being set at theApeak counting
rate 21"/in?/sec, For the 85 Mev beam the field was set at maximum, yield~
ing 1°5Tﬁ7in2/seco from the cafbon'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 goed in fhe latter caseo

Contéminatipn was studied by a combination~¢§,differen§i&l range
curves, the pulse height, the momentum, etc; ,Thexz'Qéssn c§htamination

is due to 7rdecay in flight and is given off within a 16° cone. Conse-
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qugntly, two enérgy groups appear s ~83 Mev from forward center of mass
decay.direction and ~23 Mev from the backward. A pulse height analysis
of the 62 Mev beam gives tﬁe f0110wing percentages after a préduction
target in, target out subtractiéns ‘ | ‘
| 93% | w4(<5% in 83 Me#,a'group)
2% 23 Mev «'s
1% minimum ionization particles
) 4%  large pulse particles

High energy,q“s cannot be distinguished from the 7r's byvpulse height |
but should be of the order of ~/ percent, Although the work is not fin-
ished with the 85 Mev beam, the pércentage picturé is about the same
except that thereris far more background in the large pulse groupo

There is qﬁite a problem with multiple coulomb scattering in doing
attenuation experirdenfs0 A large back counter is required in spite of
bad'cquloﬁb geometry., .Aﬁ preéent the data obtained on pulse height»disf
- tribution (counting rate vs, P.H.) ffom the back counter gave a good
it with a Poisson distribution curve and showéd.adequate_separation‘,
" of true zero_pulsés frém statistical fluctuations in the pulse height,
~and, the data from the two front counters for the 62 Mev 1" beam gave :
e Gaussian fit. Figure 1 gives the anti;oincidence pulse height distri;
bution, The n*beam Gagésian distribution fits the T#ﬂpeak well, Here
the second group is'ségn%ficant_since it feprgsents 100 percent stoppage
in the absorber, .It is identified as being,Aﬂs in the 23_to 25 M.evugroup°
Thig low group fits in with the ided of 7r-« decay., -Corrections in cross
section due to o#erlap Of.Lfgroup are essentially negligibleo |

Due to - the geometry designed to overcome multiple coulomb scattering

the angle of acceptance of the back counter isilarge and, therefore, .- .
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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 énd will not show

| up as anticoincidences. This effect will be small‘forrfhe geometry used .
with the 1ightef elements but rather large for the heavier elements.

The following table gives the cross section values obtéined for various
élements used as absorbers. Because of the different angles used between
the elements it is difficult to make a valid éomparison,of the crdss

sections until more complete results are obtained.

Absorber Back counter Total cross sectlon Ratio of ¢ to

angle ’ (mb) nuclear area

(B 300 49 £16 - 0.56 % 0.06

30° 212 £ 19 0.65 £ 0.06

50+ 8 Mey < AL 450 7t 0.0 £ 0.0

a8 391 90 0,40 £0.09

N (m  e°  1330% 200 0.62% 0,09
thev c "26‘_’_' e 264 % 1 0,81 £ 0,09
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‘ II;"Meson'Garbon Interaction.  R. LeLevier

Lederman 's experimental fesults on 7%~ carbon interaction when
first reported at Rochester created consideraﬁle cofnment° In 12 percent
K/ ~ of the cases with " he got two protcns, 60 Mev, going in opposite di-

‘reétionso This would be.compatible with the reaction .
_ h*+—d-¥—>p +.P o
According to Levinger theory of the photbeleétric effect théré.afe-
1.6 A deuterons "floating“'in‘a-heaVy nuclegs@ Lederman estimates the
number to be of the order of 5 Z or~2.5 A,

Lederman gets the following data and curves:

Elastic A -

200 - 180° Total abs, Total cross section
ATT 165115 194 28 359 mb
m* 88ti1l . 168% 30, 257 mb

Elastic  AE <15 Mev

‘IneIavv's’v‘.b_i'c A'E'v7>l_:'l5”._:Mev
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The total cross sectiqn is of the order of 'rrR2 and not 2 n'Rzo

For carbon there apparently is-a large transparency effect. In heavier
nuclei &7y ié close to geometric and does not depend too strongly on en~-
.ergy. Bethe has analyzed the-tranSpérency’effect and on the basis.of
the oﬁtical model gets an attiractive potential,
B Vo = 10 Mev £ 10 Mev .
Becauge of the apparenfly small index ofvrefraction Bethe‘infefs that
the amplltude for scattering of mesons by a free porton should be of
opposite sign to that for scatterlng by neutronso

Peaslee has investigated the interference effect ﬂFigo 2) at small
angles near 2000

 Fornwo, 'fco Lop(®) > O at small angles
'n+; fcoulomb(e) < 0 at small angles

Interference betWeén Coulomb and a shallow attractive nucléar potential
"would explain the difference in the TF and W~ curves in Figure 26

On this basis one mlght conclude that ‘the deductlons from Schlff"s
. non-linear theory'are untenable since the .prediction is that the scatm
tering of mesons from nuclei should be like the Scattering froﬁ repul-
sive spheres., However, one notes that alﬁoteniial which is all reéulf_
sive or aii attractive cannot lead to a fit with the data over the en-
tire angular range. A potential 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 peak in the
backward directions. |

Recent experimental results Ey Fgrmi»invmeson - nucleon angular
distribﬁtions indicate the interaction to.be pefh&pﬁ too(complieated

for simple models to comprehenci° The angu}af distributions according
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to him are fitted by a formula a< b cos © + ¢ cos 62 ;_where a; b
and c are coefficients det.ermined experimentally, Fermi gives the fol-

lowing values for a, b and c¢ for 135 Mev mesons :

a ' b e
‘n+ 308 - 202 —608 - 207 1705 haid 606
- charge exchange 1,21 % 0,22 ~ =2.5 % 0,32 6,0 £ 1.89
T~ elactic 1.11 ¥ 0.61  -0.03 % 0.32  0.45 ¥ 0,68
Peter Wolff calculated the angular distribution on the basis of
' ' gradient coupling with damping.

' 2
" ~ 1+ a cos e

T charge exchange ~cos? ©

T elastic ~ flat
The isobar picture predicts the ratio for ’rr"':_'n"charge exchange: '1T:elas-
tic to be 9 : 2 : 1. ~ Integration of Fermi's experimental data above

gives 9 ¢ 3 : Lo
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