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ABSTRACT

The cemplete set of experimenta is disoussed whioh is concerned
with the determination of the amplitude ratios of pion produotion by
nucleons in different isotopic spin states,

The number of experiments carried out up to now at 660 MeV nuc—
leon -energy Iz inadequate to determine all the ratios between the amp—
Htudes, ) ) ) ’

One of the experiments under discussion oan be rather a sensitive
teat on the correctness of the resonance theory of 99U —mesons produo—

tion by nuoleons,
-]

INTRODUCTION

Attempts to create the theory of & —meson productlon by nucleons made by some authors ended
usually in phenomenological treatments which prov1ded quantitative explanation of available experi—

mental data. Thus, e,g. Watson and Brueckner 1 performed the partial analysis of meson production
by nucleons. They assumed that a small number of states with definite orbital moments should take

part in the process. The matrix elements of processes were assumed to be constant values; the principle

of charge invariance, conservation laws and also the influence of attractive interaction of nucleons in
the final state were taken into account. Basing on such a phenomenological approach Rosenfeld 2 gs

well as Gell-Mann and Watson 3 perfofmed the analysis of the data of experiments carried out at the

energy near the threshold. They used Brueckner s 4 hypothesis that at a nucleon energy close to the
threshold one of the secondary nucleons and a & —meson produced are mamly in the resonance state

(3/2,3/2)

S, Mandelstcxm5 extended this phenomenological theory to the region. of higher energies (from 400MeV

up to 600 MeV). In his’ consideration matrix elements were supposed to be constant values; resonance

N —interaction (3/2, 3/2 ) was introduced; all the kinematic factors and the rules of addition of
nuclear angular momenta and particle spins were taken into consideration.’ According to this theory which

provides the best explanation of all the experimental data obtained with a protoﬁ beam in the above —

mentioned enerqy region, there should not be @ —meson production by nucleons even of small intensities
at states with isotopic spin equal to zero (T

NN © 0). However, experimental data '~ show that the pre—



diction of Mandelstam’s resonance theory is in contradiction with the experiment.

Can we draw a conclusion from this on the incorrectness of Mandelstam’s resonance theory? In order
to solve the problem, it is necessary to take into consideration not only resonance interaction in the

TN —system with isotopic spin T=3/ 2 but also with isotopic spin T = 1 /2. Undoubtedly, in

the most general case both t he resonances will be observed, But Mandelstam’s resonance model is compa —

tible only with the predominance of the resonance T= 3 / 2. Thus, the resonance theory can be tested
itrectly if one defermines ratios between the probabilities of these two resonance interactions. HoWevef.
the number of experiments performed up to now is inadequate to f_ind the required ratios. All these circum-
stances made us perform anew a more detailed discussion on the complete set of experiments concerned

with the determination of ratios between the amplitudes of 9t —meson production by nucleons in diffe-—
rent isotopic spin states.

I. GENERAL FORMALISM

As is known, the phenomenological description of &t —meson production by nucleons in
the isotopic spin comes to the introduction of three independent amplitudes. The probability of
any process of §T— meson production by two nucleons is clearly expressed by three independent
amplitudes. If the amplitude of meson production in the collision of two nucleons N1 and N2
‘is expressed by M ( NyNp — N, /\/ g ), where N and N,are secondary nucleons, this
amplitude will change with the interchange of nucleons N, N2 or N! :

is taken Into account the number of different processes of
amounts to seven

2+ N5, If the charge symmetry
@ —meson production by nucleons

&
In one of the presentations when the subsystem of two nucleons is introduced in the init{al

state, the amplitudes of different processes are expressed as follows

M(PP"HP"E-’-) %1 fiﬁ}; M(Pf\-»nn?t"')-irM—%‘

4
M (PP—.PP‘R’B =——\‘% 14 M(np-—- nPJ(," =—§-4-'-ﬁ M.y-;—ﬁo:



Here Flj denotes three amplitudes of reactions in isotopic sbc(_:e. The first subscript shows

isotopic spin of the two nucleon system in the initial state, the second one — in the final state,

In another presentation when the subsystem of @ &t —meson and a nucleon is introduced'
in the final stcxte, the cmplitudes of different processes according to 9 are

M(PP-nPTL)=—- " M(Pn-'nnji ——T{T-Aﬁ LA, - T‘Aai]
M (pp~>pn7c "—‘Au*r/\“, M(np--nm )=?\—T.}S,,M\(___.A“.(.,_A“1 .

N TV T 4 A
M Cnp=pnae) =G5 Ao Aufohhon]

where A"j ~are amplitudes of reacticns in @isotopic space. The first subscript shows isotopic
spin of the two—nucleon system in the initial state, and the second subscript j = 2Ty + where

Tyn s isotopic spin of the sub'system consisting of @ ® — meson and a nucleon.

Differential cross sections of the quoted processes are written in the following way
1. d6(pp~npR+) =-—lfiol A LA l Frol €05 oy = - W
,=-— [Aﬂl ',

dGCPP-’ Phﬁ."') = = [F:ol + = g \51\ \F;1HF.1-O\ cos 4’40,44 =

= %[':“IAMZ* QlA«_Iz'; Ve [As) [A“ | eeo "F“]J

\‘(3),‘
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Y. ds(op=mnx V= L, e £+ IRl F ed,,, =
= &£ 1Anl 1Al [Aal+ E[Anl | Au eoripes +
o + 21Au |Aac] cor oy + VZ | Al [Asi]ees lPo's]}
T d6rpenpr) = i *+ [l = F Gl eordoy =
=2 {Anl e S ALF LA = VZ (Al [Anleorpy -
=2 [Aal Al oos g [ Al [ Al eonp]
. d6(np=pr) = 16y ff + 21617 oz [l [Fe] oo oy =
= £ {1Anl+ A« % [l VE Aok A oy +
+ A2 Al | Al con @,y ~ 1Al [Auleor ] )
2. METHOD OF .‘dEASURING INTERFERENCE EFFECTS

Processes (I) and (II), (IV) and (V) as well as (VI)' and (VII) in expression (3) différ from each other
due to interference between two amplitudes. The éstablishment of difference between the two processes

gives rather essential additional data. Consider methods permitting to observe this difference experimental-

ly.

A. If a proton and a neutron are interchanged in the initial state [_processes (IV) and (V)] , the dif _
ference between these two prbcesses can be determined owing to charge symmetry by comparing the pro_.

cesses pn=nni”. and pn—ppA~ at the same %.meson angle.

B, If a neutron and a proton are interchanged in'the fir;zl state[processés (I) and (I1) or (VI) and
(VII)J , It is necessary to register simultaneously two particles, e.q. aJ7 -meson and one of the nucleons,
in order to establish difference between the probabilities of these processes. Here, we must decide which
of the nucleons should be called the first one. Let us stick to the determination given by Fermi 0 . Accor -
ding to this determination the first nucleon is that the impulse projection of which to the ®-meson impulse )
direction In the centre of mass system of two colliding nucleons is the greatest by its algebraic value.

So far as it is necessary to determine only ratios between the amplitudes F (or A) and no determination
of spin and anqular dependence of these amplitudes is required, then the aim of our experiments should be

the measurement of the corresponding total cross sections of the processes.



Ifonlya @ -meson is regrstered in the experiment, no drfference between processes (I) and (II) :
- aswell as (VI) cmd (VII) should be established We shall meqsure only summcn'y probabihttes of eqch pair -

of processes o
~The-corresponding total cross sections are

‘ ‘ 'AGV | +k“ | .d—s- -= N’ JQ; :
6(PP-.;L ) gIﬁ(pp*npx )J-Q »"'SA_Q Cpp ‘P"""), t (4)

<] (hp-»atvj = S%Ss—lcnp*’hﬁ.s‘!&l +,g ;éssz-(np-— .Pn'Jt'_’)dSZ .

In order to determine difference between processes (1) and (II) as well as between {V) and (VII) it is
necessary to measure the total cross section of each of the two processes sepcrately '

I) the process when ~a'proten {8 the first nucleon, qnd
2) when a neutron i the first nueleen,

~ In'agenerql case, each spin eomponent of wave functions of the final state of the process NN-—NNT
is a function of % -meson impulse, the direction of T -meson emisston ( b ) as well as the direction

of “nucleon flight {8y, @e) + The angles ( 0, @1 ) are counted from the vector of T -mesen
{mpylse in the centre-of-mass system of twe Becondury nucleons, When discussing the problem on-the to- .
tal cross sections, it {s suffice te consider the dlfferentlal cross ﬂection averuged over the asimuthal

angles ¢ and ;¢ If one confines onesel! onlv to S- and P-waves ofa m-: meson “and nucleons, these
averaged cross sections will be of the form

46"

npﬁ

<98: 9123.Pt?> ~ a,( Pl) . qi(Pn) cod B« mgn + ’C'z.CPu») %sza‘; *

+ 0a( ) eos’ O + @ (Pr) cos®Or o801
r (5)

dg :“Bn* C@n, B“:, Pb ~ Clp (Pl) — q;,(?y) oy 9., %Qa '\',.qlcvg)meleu""

* C(pr) cot’ By + O (pr) oot 6 wzeﬁ )



where q (p,,) are fu.ncttons of oY -meson impulse.
It is seen from (5) that the measure of distinguishing between the probabrlttles of the processes

pp—= npx* and pp—’ P"Ji+ is the coefficlent &y . However, the total cross section
of the processes pp—= npm and pp—> pnRY  does not depend upon this coefficiént since the
difference between the differential cross sections of processes under tnvesttgatton changes its sign to
the opposite one as a result of transformations 0 = (x- bx) and O, (x- 94:) Hence, it fol-

" lows that the difference of differential cross sections of these processes should be measured only in-the
angle ranige O< 9 <7 2 , O< 02 < 7‘/ Q , the averaging over relative asimuthal angles

~ Joining the cross sectton as cos (@~ ¢yy) cmd cos 2( Px - Py ) being perfonned

Thus, the subtracted total cross sections AGQ to be detenntned below correspond to the dif -
ference between the probabthttes of processes (I) and (I :
‘X/z e .
PP ' R
A6, om S S [.d npn* (efneﬂ) AGP"T* (9,—‘,942)] d.Q(O,)JQ(O,Q,' ©(8)

" and in thé same wcry (VI) and (VII)
N ®

g g [ hPT‘ (ex, 6413 dGPnT‘D (Bﬂ, ell)] JQ(G;)A.Q (642) o ( 7
The difference betwe!en processes (IV) and (V) can be written simplter
‘ 2

PP [O‘Gnm (8)=d6." . (o) JdQ(n =

04,44
o T/z

=2 S-[dGm' (GT') "lsnm(gx)]JQ (97‘3. oo e

As in the previous two cases the subtracted cross section determined in (8) is a measure of the

coefficient b in the meson angular distribution
dG(nP-.j( D=ar @:cosQ +C.cos’y

" the contribution of which to a usual total -cross section is, naturally, equal to zero.



3. R'\TIOS BETWEEN THE A\ iPLITU'JFS WITH DIFFE"REVT

ISOTODIC SPN STATES
In order to find three c:mplitudes I-"j or Ai i - three absolute voiuestcmd three phase ratios

between them (three dimensional case ) - one may employ any six independent equations of seven pos-
sible: ' ’ '

‘SCPP—-I*)-=IE.\27+—‘§IF2‘412: : Gcnp;x)= L6+ iﬁ.lz;
Glp-x)= IRl el LIRS AR
4044-{-'0"“‘ v AGu,M; %‘Qu 01! “ ' } @
o = ‘F-Q 00 )

where ,,u~ “'—I" irkfiw“’q ke -

One of the equations connecting usual total cross sections of the processes is not independent since
there is one ratio between the total cross sections

& (ppa5*) +6 (np»27) +6(npTi-)= 2 [6Cpp>a)+ & (np>7%)] .

" The amplitudes F i are obtained from the experimentally observed values' with the help of the re -
lations ' ‘

lFA.ol2=GCPP"x*>"G<PP"1') ) Qw« ‘r- 4044 ’

~

H:;‘\e= QGCPP ;’:L.) o o ’ -(241 of FA 4401 s »

40, 01 40,04

193[6<NP-I+)+6()19-7‘) G(PP-’JT‘)] Q. =7\ | (0
J

IfF { j. are foimd, the values A'i j can be determined from the following relations
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or in a distinct form by means of the observed values
. , N
1) A .
\Ans\ 'SGCPP"T*)" $A6, Aom 2 ‘*’u={=§[3€CPP*T‘)-G(Pr*ﬂ*iltg{'gAgao,..
N i .
A4l =‘.5(?P"7")"3 Slpp~7) =381 Woi= 88,0, = A8y, | 12

. Ao \2= SE’- (np~7)+E(np7c") 'G(PP"T"SJ ; C"os—rAGm.u 2 AGM o1 J

where ;= [Aal[Ag ) easgiy

4. EXPE'II MENTS WHICH dAVE BEEN PT‘RFOW iED o
"WITH A NEUTRON BEAM '

4

The investigation of the reactions np-» pPJf'_' and np-» nnx" .at 600 MeV neutron enérqy7

permits to conclude that lFo.H-O From the same data it‘folldws thdt AGM X - is‘ very close to zeroin =
this energy range. This means that the amplitudes : FOl and F'Hare newly orthogonal with respest to
each other. It {s required to measure the subtracted cross section AG 110 with a neutron

beam. This will-allow to find a phase ratio and to improve essentially the reliab!lity of the value }ﬁq’

5. EXPERIMENTS 'WHICH HAVE BEEN PERFORMED
- WITH A PROTON BEAM

The cross sectlons 6 (ppo:rt )12 ¢ PP -’Jl'] 13 have been megsured with

a 600 MeV proton beam. These data permit to detenninelfl"' l and |F' ' The values ﬁS and ‘}ﬁl are of
great interest at 660 MeV proton energy, l.e,, in the resonance reqton (3/2, 3/2) where Al should prede-
minate. However, the relation between A and }\ can be found if one meqsures A6 10, 10" -

1



i

According to Mandelstam’s resonance model, |A ] 1[ = 0, from where the well-known ratio

64-_5
G,

arises as a conseguence.,

In fact we observe experimentally the values

EI..-_- 3;4

&%

which is possible to explain theoretically in a somewhat artificial way. Practicaﬂy, it means thdt A#0.
’ B "

For the sake of more detailed considemt‘ior of the problerh on permissable valuesof A and A it

11
is worth while to introduce the following notations :

S, \<= lA\'s\ i

o=t -2

S T Al

Fig. | presents the region of permissable values o = and k which is filled with a family of

curvess

| L;+Sk2—/\[§k CasPis . ‘
K = , » -
2+ K+ k eanpyy (13)

with the parameter cos . This region is limited from below by the curve
$3

Y +5k?—gk

(o4

ToT ke x Tk e
which has the horizontal asymptotes o = 2( k — 0) and _ol = S(k = e= } and reaches the minimum «=1
4
ith k= e
T

From above the region is limited by two branches of the curvé
’ o _ U+5kis Vg k 5
P 24 KE—VEK ' - W

which has two horizontal asymptotes of=2(k = 0)and o = 5k =co ) and the common vertical
asymptote with ke ﬁ

The curves A=ol{k; cos ‘fﬂ) have their extremum ‘when

5k 4 k?-Y
ki kt—2

0( = (16)
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except the monotonic curve 0(1/2 = 5 - K+ 2 corresponding to 90::9% .
From Fig. 1 it is seen that if =é-: #3.4, then the permissable values of k are in the inter-
val ' - :
Z)%<\1<2< 64 | )

As for other peculiarities of this region, it should be noted that if cos = =], then cos Pa= =+ ], respecti-

('
vely. However 4»“,’“-=7V2 -corresponds to = o only for o= 3. In other cases the orthogonality

- -

. — -
E, « F,, does not mean the orthogonality A, A,, .

-1 w'{’ao,44+ (3‘“) , =
\{&2"' 3ol =2 (3-eO\et-1 w‘i’no,u - 8 (-1 wz‘#io,u o (18)

takes place. If K = g‘ =5, the permissable values of k%ure limited by the inferval .’18- < k< oo,
- .

The following relation

cos (P43=

Thus, the fact that gﬁ = 5 should not be considered as a proof of the resonance theory correctness.
. .

Attention should be payed also to the fact that if k is constant but the relative phase A,3 and A,
changes due to some reasons, then as a result of it the valne o will change . From the point of view
of the authors such a process can take place in ~meson production on coupled nuclear nuclei, in particu-

*lar, on a deutron.

) : - 3 2
Fig.l shows also the curve corresponding to ,AGMM =0 . °<='§_—E§‘ , i.e., to the case of

the symmetric emission of a proton and neutron relative to a i meson impulse.

It is of interest to note that if. ol is rdther large (~10 and more), that takes place in the energy
range close to the threshold, then IA,3\~1,5- \ Ahl , and the difference of phases (to an accuracy of &)
is very small. Nearly the same picture may be expected if one takes into consideration that near zero 7T~

meson energy the phases A13 and Aﬁ should be small and, hence, their difference should be small too.
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6. SCHEME OF TdE EXPERIMENT TN BE PERFORMED WITH
WITH A660 MEV PROTON BEAY

The scheme of the experiment for measuring a6.g4 to be performed with a 660 MeV proton beam is
characterized by the following values: 9 C-Mm.S.  55° (at this angle it is easy to combine the differen-
tial and total cross sections under the condition that S- and P-mesons should predommcxte, if By Cm.S.

80 MeV, then 8% = 30° I _ 195 1oy 1t one chooses” 6,,=30° the angles of flight of the

'rrrst and second protons are rather convenient { 6 lab. =33° ‘«d 9 lab_ 20° ) while their energles
are _F:if’b =180 eV, EN® = 160 e, . | | S |
If cne changes 912 ~, then either 9,,2 lab. will be grecrtly overlapped vuth respect toa x -me-
k .sonv angle or the angle gpilab. will be very smali.
There is another variant: o :
3 -125 e:'::‘agf’ J“ﬁ 57 MeV, 9::‘ <20, Brrz & 18] e( =83, E%f: 264MeV,

E fa = 190MeV. In this case proton angles are somewhat smaller but %*-mesons are easier to fegis-
ter in view of the smaller background at 837

Fig. 2 shows a diagram presenting permissable values]Aﬁ[ |AM| and Quwnh respect to the

permissable values of the subtracted cross section A€4° u -+ Along the absciss and ordinate coordmates

there are the above values in units of ig° y27

cm 2 . It is seen from Fig, 2 that if AG —0 then ]AB, lA,,l
and these amplitudes are nearly:-orthogonal. The greatest permissable cross section AG amounts to

9.9, 10 2 © at 660 MeV proton energy.

CONCLUSION

I. In order to solve the problem on the correctness of the resonance theory of 3t -meson production by.
nucleons at 660-MeV nucleon energy, it is necessary and sufficient to measure the subtracted total cross

section AGw “" concerned with asymmetry in.proton and neutren emission relative to A * ~meson direc-
tion,

S(pp>ni*

2. The region of permissable values l A"l with different values L= Crp o) is considered.
Aﬂ _ Slpr->7)

3, The experimental scheme for measuring AG“ » at 660MeVenergy is given

The authors wish to express thein gratitude to L.I.Lapidus for interest to the work and discussions.
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. Fig. 2. The dependence of the permissable values ' \A“l, ‘A“‘ and Qs,1 on the value of the .
possible values of the subtracted total cross section AG,, o1 at 660 MeV proton energy
( o=3.4). ‘ - '



