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The problem considered is that of the dependence of the probability of # meson production in
proton;nucleus collisions on the number A of nucleons in the nucleus. The deviation from
the A%/3 law is explained by the effective attenuation of the proton beam penetrating into the
nucleus.

THE dependence of the cross-section for production of 7t mesons on the atomic number in collisions of
protons with nuclei of various elements has been studied experimentally in a number of papers.!™ It has
been found that in the heavy-element region the observed yield of n* mesons increases with A more
slowly that would follow from an A?/3 law (whereas for the case of photoproduction of T-mesons the AY/3
law is obeyed over a very wide range of variation of A).

As an explanation of this fact it is natural to suggest4 that in addition to the large probability for ab-
sorption of a 7 meson produced inside the nucleus, which gives the A%/ law (only the surface nuclei play
an effective part in the production), there is also an appreciable absorption of the protons penetrating
into the nucleus. By absorption one obviously means here an effective attenuation of the beam of protons
capable of producing T mesons. Some other possible causes of the deviation from proportionality to A2%/3
will be considered below

If we assume that for a given energy of the incident protons there are produced per unit volume of the
nucleus, independently of its atomic number, the number w(6) sin 6d6dy of mesons emitted in the direction
(0, @) relative to the incident beam, then the cross-section for m meson production from the nucleus can
be written in the form

do/dQ = w (0) S eTXS— S gy (1)

where s; and sy are the paths of the meson and proton inside the nucleus, and k and n are their respec-
tive absorption coefficients. The integration is taken over the volume of the nucleus. This does not take
account of effects of elastic scattering of meson and proton and of Coulomb interaction and the detailed
momentum distribution of the nucleons in the nucleus.

In order of magnitude

w () & 5, (6) A/ 4/s=R? = 35, (6) / 47R%, @

where 0y(6) is the cross-section for single-nucleon production of T mesons and R =R0A1/ 3 is the radius
of the nucleus.
In the absence of absorption of the proton (n = 0), Eq. (1) gives®
do wR? 1 , e R
m=w(9)7[1*T@WT—Z(KR)?U““R)]» (3)

from which we have for kR » 1: do/dQ ~ R ~ A%/%,

The validity of the A2/3 1aw for small A means that we can regard the meson absorption as the larger
through practically the entire periodic table. Under the condition kR > 1 (for all values of R in ques-
tion) and k > 7, Eq. (1) reduces to the form:

ds/dQ = C(0)F (1R;0), C(0)=w(0)= [y~ 30, (0) [ bertRS, F (AR;0) = (qR)?sin® -3 + cos6[ - — =R (1R + 1]

k7

1R 6 (0<F), F(aR;0) = (qR)sin® 5+ pcosb 1 (aR:0) (6> F),

376



ON THE PRODUCTION OF # MESONS BY PROTONS ON NUCLEI 377
T2 T2
.y cos?f exp {— 21 R sin Osin a} sin 0 cos?0 exp {— 2nR sin 0 sin a} sin
I(R; ) = = S T—siosmta %+ = (”'IR)S T—sinz0sin’a = da
0 0

7|2 4
+ _231+29 (mR)? S exp {—2vR sin Osin a} cos 2 « da. @
0
The structure of the formula (4) is obvious. Under the condition k R > 1 only a thin layer of thickness

~ 1/k at the surface of the nucleus makes any contribution to the cross-section. The part of the surface
of the nucleus which is in front in relation to the incident protons and visible at the angle 9, on which the
protons fall directly, is responsible for the term (nR)? sin?9/2 (this part of the surface of the sphere is
contained between two planes passing through the center of the nucleus and perpendicular to the directions
of the incident proton beam and the propagation of the mesons). The other terms are due to the production
of m mesons near that part of the surface reached by a partly attenuated beam of protons.

For the angles 6 = 0, 7/2, and 7, Eq. (4) gives

/2
F(R,0) = 5 — e (qR+ ), F (1R, 5) = (R} + L (iR)| e-Rinscostads, F(R;w)=(RE.  (5)

0

FornR < 1:

F (4R; 8) = (1R)* {1 — (1R) = [(x — ) cos 6 +- sin 0] + (4R)* cos* S — Ry o [(x—0)cos +sin 6 (1— ﬂ‘gi".)J
(6)
+ (v;R)‘i%cosG %(1 -+ sin? %) + - } .

For nR sin § >» 1:

F (1R; 0) = (nR)?sin? 3 7R M0 4 L cosh 4 ... M

™

Figure 1 shows curves of the function F(nR, 6) plotted against (nR)? for 9 = 0, 7/4, /2, 3n/4, and .
Before going on to the comparison of our results with the experimental data, we note one more circum-
stance.! If the cross-section for production of 7" mesons on protons is much larger than that for the pro-
duction on neutrons, then in the expression given in Eq. (4) for

F1nk8) G- C(6) we should insert the additional factor Z/A, where Z is the
o 5"2‘” number of protons in the nucleus. At the beginning of the periodic
5‘“? table this factor is about 1/2 and is almost unchanged as A varies,
51 but for the heavy elements Z can be considerably smaller than
A/2. To take account of this effect there are plotted in Figs. 2 —4,
besides the experimental values of the cross-sections (circles),
di oK also the values of the cross-sections multiplied by A/Z (crosses).
¢ Good agreement with experiment can be regarded as existing when
ai the theoretical curve passes somewhere between the circles and
d=0 the crosses.
J i 7 5 7 N Figure 2 shows the data from the work of Meshkovskii and
FIG. 1 others.’ Ordinates are values of the total (with respect to the en-
: , ergies of the 7t mesons
;Epg—(mb sterad™) {z‘é—jf (arbitrary units) produced) cross-section
/ for m-meson production,
77 / St 7 measured in millibarns
7 J < per steradian. The
5 measurements were
“r It x fig %P b carried out at angle 45°
A %Pb L with the direction of in-
Vi u ¢ 7 cidence of the proton
Al 7k beam, with initial proton
ke ‘ l L " ' . ‘ ' energy 660 Mev. The
7 Z 2 EZ @A 7 w 20 a7 wa g% errors for the values of
FIG. 2. FIG. 3. the cross-sections mul-

tiplied by A/2Z are not
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drawn in, for greater clearness in reading the diagram. Figure 3 shows the data of Sagane and others.’

Ordinates are values of d%0/dQdE at § = 90° and energy E.. = (33 £ 3) Mev; the proton energy used in the
experiment was Ep, = 340 Mev. Figure 4 shows the data of Clark;! 6= 130 —150°, Eg+ = 40 Mev, Ej = 240 Mev.
The theoretical curve is drawn for the angle 135°. In all the diagrams the theoretical curve I corresponds
to the value nRy = 0.28, and curve II to nRy = 0.32. The value of C(6) in Eq. (4) was chosen so that curve

I should go through the cross for Ag. As can be seen from the diagrams, within the limits of the present
errors the theoretical results are in adequate agreement with

2
gngz (arbitrary units) experiment. The best agreement is given by curve I compared
sk / with the cross-sections multiplied by A/2Z. Comparisons with
the data of Merritt and Hamlin? (9 = 0°) and of Block and others?
Sr 7 (0 = 90°) were not carried out because of the small number of
i g / experimental points in the region of heavy nuclei. Some syste-
matic reduction of the cross-section for Pb is possibly explained
It M ,‘?,h by an increased density of nuclear matter in lead (doubly magic
Cus Ag nucleus).
ar t We note that according to these curves the deviation from the
/L L Az/ 3 Jaw exists already for the lightest elements, so that even if
;Be ' . 1 l ' one draws a straight line through the first few points (Li — Al) it
7 77 20 k7 77 lies at an appreciable angle with the line that one would have in

the absence of attenuation of the proton beam.
In conclusion we express our deep gratitude to K. A. Ter-
Martirosian for proposing the problem and for discussions.

FIG. 4.
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