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ABSTRAOT

The problem of annihilation of anti-nucleons by a nucleon is examined on the basis of charge
independence hypothesis. A table of ratios of 7+ to w— to #? is presented for various multipli-
cities and comparison is made with the available data on anti-proton stars.

1. INTRODUOCTION

The hypothesis of charge independence has proved to be quite successful in
explaining a number of phenomena in pion-nucleon and nucleon-nucleon interactions.
It is' worth mentioning that, in the scattering of pions by nucleons, the dominance
of 3/2 isotopic spin state predicted by Breuckner (1952) on the basis of charge
independence has been confirmed by the field theoretic calculations of Chew and Low
(1956). The hypothesis has also been extended to include the interactions of K-
mesons, strange particles and anti-nucleons. In view of the rapid accumulation of
data on the anti-proton stars, it is necessary to examine whether some of the experi-
mental results could be explained by charge independence alone. The author
(Srinivasan, 1958) has recently attempted to connect the ratio of charged to neutral
mesons produced by the annihilation of anti-protons with that of direct to charge
exchange scattering of anti-protons by protons. However in that note, the multi-
plicity of pions as a result of the annihilation was assumed to be two only. In this
paper, we shall consider the more interesting case involving n mesons (n =2,3,...8).

2. ANALYSIS OF ISOTOPIO SPIN WAVE FUNCTIONS

In this section, we shall analyse the isotopic spin wave function of a system of
n mesons. Since we wish to compare our results with the data on the annihilation
of anti-protons in emulsions, we shall confine ourselves to the case where the anti-
proton is annihilated by a proton or a neutron. Hence if 7 and Mr are the total
isotopic spin and its projection on the Z-axis of the isotopic spin space, we need
only consider the states (1, 0), (0, 0) and (1, —1). Let @5 sy (n) be the isotopic spin

wave function for a system of n mesons of total isotopic spin T' and projection Mr.
By the use of vector addition coefficients, we have

am(n) = % {au(n——l)ﬂ'(n)—al_l(n—l)vr+(n)} .. . .. (1)
a1_1(n) = 71—5 {am(n—l)n'(n)—al_l(n— 1)=%(n) } .. .. o Q)
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ay1(n) = \/n {e1(n—1)a%n)—ay(n—1)nt(n)} .. . .. (3

dontr) = 7= (@ =Dt +ann—Da () —axn—Dmom)} .. @)

where m(n) is the isotopic spin wave function of the pion. Equations (1), (2), (3)
and (4) are written on the understanding that the labels of the pions in a MT(n—l)

are 1, 2,...n~—1. By successive iteration, it is possible to express aTMT(n) purely

in terms of == ', the isotopic spin wave function of the individual pions. a(2) and
a(3) are given by

a10(2) = —\—}2 (T (D@ = (D)} (5)
81_1(2) = —= {#O(1)m(2) = x0@)m~(1)} (6)
a11(2) = —= {w+(1)n9(2) —mO(1)7*(2)} ()

—a%(3) {7 *(1)=0(2) —=0(1 17'"“(2)}] .. .. (8)

a14(8) = 3 [7~ @) {r*(Iym=(@)— = ()*(2)}

—70(3) { nO(1)m~(2) =7 (1)7%(2) } ] .. )
a10(3) = 3~ (3){#*(1)70(2) —~7O(1)n*(2) }
— 7t (@) {mO0(1)ar~(2) —n~ (1)=0(2) } ] .. .. (10)

To build up Orpy (n) for higher n, we observe that we can express a, MT(n) in terms

of a,, My (m) and Crepry (n—m). For example, if we wish to obtain a,¢(6) it is more
convenient to express it as

a30(6) = \}—{au 113 =t @en®)} .. .. (1)

than attempt to relate a,4(6) to aTMT(S) as indicated in equations (1) to (4). We
have used this device to obtain a,. MT(n) for n > 3.

. Now the final states of mesons produced by the annihilation of § p and $ n are
respectively (see Srinivasan, 1958)

\.% {5(0)age(m) +b(L)ag(n)}
and
b(1)a;-1(n)

where b(0) and b(1) are the reaction amplitudes corresponding to total isotopic spin

0 and 1 respectively. If we assume the average ratio of neutrons to protons in the
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material in which the anti-proton annihilates to be 8, the final state of the mesons is
given by

1 1
b(1)ay_1(n)+—= b(0)age(n) +—=b(1)ay(n .. oo (12
B()ll()\/z()oo( \/2()10() 12)
Using equations (1) to (10) and equations like (11), we can obtain the ratio of 7+

to #~ to #0. As the procedure is straightforward,* we give the following table of
results for various = :

Relative number of pions produced in the annihilation of
anti-protons (« = b(0}/b(1))

n =t ™ =0
a2 1 a2 1 a2
R X148 *4pe
2 3 +2 3 +2+/3 3 +8
4 1 g2 4 1,382 | 11 _ 1
i N R R il g2 2 o 424-1.82
3 g% +2+2 9 +2+ 5 e +2+/3
2 1 2 1 2
a2 -4.82 a2 - 4982 242 2
4 3% +2+13 3% +2+ 3% +1+8
5 . 834+562 | 5 . 34982 | 5 _ 24382
Y o2 22 O Wl ol
5o gettTy %t 1 gt

6 | o2+140p2 | o2H14282 | oR4l428

T o BB | T, [ 9 py
7 ¥t g §% T 1 g HI+3h

4 3 A_i 2 3 2 ;4 2 202
8 | gai4g+2 | goi4a+3B | s +1+38

= : 10
16 l?}oc2+§+5/32 3 FHaHoE | gt 3+op

3. Di1sCUSSION OF EXPERIMENTAL DATA

To compare the above results with the data on anti-proton stars, we observe
that the ratio of direct to charge exchange scattering of anti-protons by protons is

given by

o(pp— Pp) _ (1+m)2
o(pp > nn)  \l—a

* For the special case n = 2, the author (Srinivasan, 1958) has explicitly demonstrated the
method of arriving at the ratio.
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The following table summarises the experimental results on scattering :

Name of the group Number of Number of charge
or reporter elastic scattering | exchenge scattering
Ekspong (1957) 1+5 6
J. Button et al. (1957) — 13+6+1
Agnew et al. (1958) 33 1
Ekspong et al. (1958) 1 —
Toravr: 40 27

Using the ration ;—-2 , we find o == 0-098. With this choice of « and B = 1-4 (this is
the mean value of the ratio of neutrons to protons for Silver Bromide), the table of
Section 2 becomes :

n »t T =0
2 0-2134 1 0-7993
3 0-4395 1 0-7247
4 0-5627 1 0-6759
5 0-6261 1 0-7672
6 0-6889 1 0-8366
7 0-7098 1 0-8904
8 0-7387 1 0-9333
16 0-8658 1 0-8853

The table shows that neutral mesons are roughly a third of the total number and for
large n, #*, 7~ and #® are produced in equal numbers.

As for the mean multiplicity, recent calculations by Koba and Takeda* indicate
that it can be taken to be five in which case the ratio of #* to =~ is 0-6261 as against

0:34 4 0-1

the experimentally observed value of #t to =~. The table given above shows that
the ratio corresponding to multiplicity 4 is nearer to the observed value than 5.
However this is only illusive since there are selection rules which forbid the annihi-
lation of a system (here it consists of an anti-proton and a neutron) in 18, state into
4 mesons.
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