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ABS?R&@T
Theoretlcal imtﬁrpreﬁations of the empirical evidence on the
inﬁeractions of K mesons ané hypezons with nucleons are reviewed, with
special a%tent;on 1 7e] those aspects of ;his evidence whlich bear on the
relative pari@ies of K mesons and h&perens, on the céupling sﬁréngths
of their’interactions,»or on the'existenée of symmetries relating ﬁhe
interactions of_différent pafﬁicles. The use of dispersion relstions
for Ki sc&ttgring 8ppears a very éremisingﬁapprcaﬁh,.alth@ugh the
experimental dsta are %Go ijmted for definite conclusions at the

present stage. The theoretical uncertainties in this epproach are

 considered; especislly those concerned with the unphysical iegion in

these relmtions and with the convergence at high emergles. The X <p

reaction and scattering dste at low eperglies are &n&lyze& in terms of

3 short»range intersction for s-wave X mesons, characterized by two
complex zero=energy 1nterac%10n lengths; this analyais aisa gives an
adequate account of the K -p datae from emulsi@n studies up tc 100 Mev,

Several features cf‘lnterest in the X~ w& c&pture-reactions recently

abserved'are also discussed, Hyperanonuele@n 1nteractions are

considered wiﬁh special ref@rence to the Gell MannaSchwingev hyp@thesiq
of "global symmetry" for the pion-hyperon interaction. Owing to the Z=A

mass difference and also to the operstion of the Peuli privciple for.
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nucleons, the identification of such a symmetry in the empirical situations

for which most data.will become available in the near future is not at

all diiecé& Por theermp capture reactlions, the Amati-Vitsle imequality

. required by the pion-hyperon symmetry (with neglect of the » L=A mass
'differenee) is ?iélatéd according %o the present data. The most direct
evidence which favbrs the "global symmetry” hypothesis comea'from the
binding energies of A-hypernuclei. Although the interpretation of

these binding energies is made difficult by the possibility of three=hody
f@¥ces between A hyperon and nucleons, it eppesrs that the spin deperdence,
_vange, snd strength of the A=pnclecn inmteraction ere in general agreement
with ﬁhis.hypothesisn Some recent work on the angulér eorrelations

5

observed in the hypernuclear decay of AHé is also reviewed.
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THECRETTICAL INTERPRETATION OF STRANGE-PARTICIE INTERACTTONS '
" {Report to the 1958 Conference on High-Evergy Physics at CERN)
- R. H. Dalitz |
Radietion laboratory

- Univergity of Californis
Berkeley, California

" 1. TIntroduction
In the discussion to be given here op the information that has

become availsble cn strange-particle interactioms, several goals are to

" be kept in mind. These are the determinaetion of the relative parities

of the K particles and the hyperons, and the determination of the coupling

par&méters for the variocus interactions between them. In this discussion; ,

'

the X particle is assumed to hsve zero spin, and the nyperﬁna epin %, as
is congistent with all the data availsble. A further feature Sf,inﬁerest
is the possibility of symmetries bhetween the various ;nﬁer&ctions, for
example vwhether the hypoﬁhesis of & universsl pionab&ryon coupling/as
proposed py Gellcwannl aﬁd by Schﬁingefe at the Rochester Conference of

1957 is in accord with the dats svailable.

i

R , 2. K -Hucleon Scattering

— Pirst the evidence on K scatiering is comsidered briefly. The

- main features appear as follovs:

{1) 4The'>T=1 interaction is & short-range g-wave repulsion,.
cbrresponﬁiné to & croas'séction'essenti&ily constant up to about 150 Hev.

Beyond this energy, there 1s some evidence for an increasing Tel crosgs

section. Thig rise in cross section may be due to some p-wave interaction,

glthough there is no resl evidence for a nonisotropic sngulsr distrlbueion,

D s
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(ii)‘ The T=0 s-wave intersction appesre relatively wesk, bub
the evidence for & p-wave imteraction appears quite clearly from the
appesrance of & backward pesking in the K eneutron cross section for X
enegéies of 100 Mev anﬁ‘higherq  This is also indicated by s merked
energy dependence of the ch&rgeaexéhange scatfering by emuléion nuclei,
‘which is rather weak {< 10% of the tot&l:sc&ﬁﬁéring)vat 50 Mev but remches
& valuetof about §O%.of fhe totel scattering in‘%hé,range 200 o 300\H@v:

The appéar&hce df'both 8= @nd p-wave sca%téring in the low- |
energy regilon seems rather éifficuiﬁ to understand in terms of = scelar
¥ mescn, the A. spd Z‘ hypefoﬁs being a@SUmed'ﬁo,h&ve the Sam‘%rrparity°
However, Ceolin and T&ff&raB have remarked that"the‘apéearanae of both

-s snd p scattering could be explained in é fairly direct waey in terms

of pseudoscelar KN and KNE interactioms. Tn lowest-order perturbation -

thg@ry,-a repulaiﬁé s=wnve interaction for K+mproton scattering appears

" paturally through the excitation of virtual antihyperon-nucleon pairs:

13

p - /‘/\N“\M"\-ﬁ“lﬁ*y;‘-
A 20 |

Thé“c@rrequnding'p&ir terms for the pion-nucleon system are
well kunwn ﬁa,be very much greaﬁerwthan ﬁhe observed s-vave scatiering
allows; however, the subpression of thése terms ;s not well‘understood
for the pioménucleon_case‘(iﬁ may possibly be due to the effects df

. virtual sirangewparticle inter&ciions),vand,iﬁ is guite possible that

che mechanigm for this suppression<éoes not operate in Kepucleon scatiering.

Y
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The obsérved K+mproton-crass section of 14 mb is obtsined with a value

_of about 2 or 3 for (gAe * gze%/hx . The T=0 scattering amplitude

is proportional %o (gAg - Bgzezfﬁﬁﬁ 50 that & weak s-wave scattering
in this state may be obtained for suiéable choice of the ratio gA/gZ .
Further, Barshay has suggestied the use of a repulsive direct K-pion
interaction,u of the form fKR ﬁk.ﬁ'ﬁ,’ which W;uld contribute &
repulgive T-independent term to the K" -nucleon scattering amplitude; in
this casge, wesk T=0 s-wave scattering would correspond to a different
choice of the relative coupiing strengths &, and gz.. From this
pion-exchange process, one might expect an s-wave amplitude falling off
with energy bevond about 100 Mev, but the totel K+aproton cross section
might be held up to the observed value by some rising pewWave éross

section.

From the positive energy transitions,

A

— ’

the pseudoscalar coupling gives rise to a pseudovector form of intefaction,

such as we are now familiar with in pion physics, so that pewave scattering

is also to be expected. Ceolin end Taffara have pointed ocut that, in

lowest approximation; this interaction is attractive in the T=1, pﬁfﬁ

and the T=0, ps, States.’ Together with Dellaporta,’ they bave

carried out more detailed calculations in the static limit to bring ou.

- thege qualitative pointe more clearly; however, there is no detelle

goreemenc *ith th2 expsricental resulvs.
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It must be emphasized tﬁaﬁ.the abéve rémarks are only QualiﬁatiQe
and that they could be modified very considerably by the existence of
the lighter strongl& coupled pion. Fof thié ie&soﬁ we cannot defini%ély
say that the. scalar K meson could not account for %he evidence, although &
in lowest approximation the interaction that it leads to is stiractive
and includes very little_p@uave term. The most cautious staieman% one

could meke is thet the pseudoscalar interaction is not ruled out, buk

In a paper received at the end of the Conference, Bershay (Phys. Rev.

Letters, %o be published) hss remarked that the appearance of both
éa ané pééave scaﬁtering could a8lso be explsined if ogly one of the
‘KﬁA and KNT intergctiuns were pSehdosc&l&r, the.oﬁhef being of
scalar form. OFf course this reguires oppgsite p&riﬁies'far the A

" and £ hyperons.

appesrs capsable of giving theuright qualitative behavior. .

A new feature of the K" ﬁata this vear'is fhe appaé}ance of, g
praﬂucti@n‘in ‘K% cclliisiochs ubove ghe theshold at 220 Mev, the: rate .
observed is o?vthe order of 1% Some calculations have been reported L

. by Ceclin, Dallaporias, and Taffara_on this process,7

Assvming the
ejastic kt sé&tﬁefimg to be due to psendoscalsar KYH interasctions,

they obtain results (a) fromva pérturbatidnotheory calculation, which

ere very much below the production rate actually observe@, The second ' @
possibility considered, (b}, wes that the EK.Efﬁw interaction was respon.- 5

Y

sible for the elastic scatitering. In this case the elastic scattering
gives no charge exchange, end fgﬁﬁ;fmm'wwVE‘ is needed to give the
chserved X -proton cross seciion. The KK -z interaction cen then

. : _ A -
give rise directly to s-wave w produciion in K ¥ coliisfoms.
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Consequently the values obtained for Rxg are lsrger by a factor of 10,

but are s%ill well belov the number suggested experimentally.

{a) (v)
E-Eyp ‘ Re
50 Mev b x 1077 1x 1070
100 Mev 2 x 107 2 x 1077
R |

Actually, at 350 Mev K' energy, it seems reasonable to expect
a rate R of at least 1070 per K' .interaction in complex nuclei,
owing\to Becondaryepion,pro&uction by recoil nuc¢leons from the backward
scettering of K wmesons, and this effect may be sufficlent to account
for the_experimental ébservationsq Howeﬁer, it is clear that the

obgervation of xn production in K%eproton collisions would be of

interest in giving some informstion bearing on the relstive strengths

of the vérious kinds of K=particle intersction possible.

¥

3. K <Proton Intersctions

Dats on K -proton intersctions are nowv aveilable irn some deteoul

from emalsinu swudies apd especially froa the work of tae Alvarez botl.=

. L “ - ~ .~ - . o
R D [ 400 IR N R [ R I TR P R Ty
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hydrogen, the data have increased greatly from those avallable s year
&80, ‘but are still compatible with the ratios 4 : 2 : 2 : % for the

® . 2% . A reaction ratios (although the £° and A events have

P X
not yet been separated in the new datse).

The pew bubble chamber dats on interactions in £light over the
energy rsuge of about 5 to 35 Mev is of the greates*h in‘%;ereét. . These
data show no cleer indicatibn of eny other than s-wave interactions; the
angular distributions of the scattering and the reactions are all
conpatible if:?.th &0 s-wave .c&pﬁufe., This szppears reasonsble for such
iow ingident moments, the Kemprotoxx interaction being eypected to have
a range of about {@/mkﬂ 0.4 £, There is evidence in the emlsion data
that the z‘;;fz*" ratio hes changed from the value 1.8 for the low-energy
inter&;‘tions in flight to & value ~1 at 100 Mev, but we shall gee later
+hat this is not at all incompatible with an s-wave reaction. In
diacuséing these data me shall therefore sssume thet s-wave eapturse is
vredominant. The a:\:;alysis I shall givé i?.vs very preliminsry and has vbeen
carried out only since my arrival at the Conference. I' give' i.t here with
rr1eh hesimncy, but I feel that at least it is instrucitive and will
snaicsbe the kiod of additicnal experimentel dats we now need.

For discussion of the scattering, two complex phase shifis
6,1, = Qp + iﬁi, «=that is four parameterge-are needed for the two channels
T=0 and T=1. The bubble chamber data bave been collected by an
avera_ging based on & reasonsble energy dependence for the cross gections
£0 gi:re cross sections evaluated at a mean lsborastory momentum of
V55 IéeW;;"c , 2 K energy of 18.5 Mev. The value of rz?..ce at this energy

. 60 mb. The elastic cross section is then 64 b, a'na.the chargs-exc

L oersn sa2ction pas been taken as 0.2 ¢

Ise 2 irg © he
slagtie! COTTE spondinrg ic th

Y e s AYenYTe St Lt R T TR A I (W S FoAARLe S /A Rl
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gince some _Kol
the proportion of Kpl

to be swall).

_— move dsbe ore meeded them just for the %' ond X

in terms of the reaction emplitutes M, and

. phase %

To @btéin the reaction cross sedtions-fur

; the relstive proportions for £ and A remctioms are

UCRI=-8394
Q=

decays may be confused with A-decay events; however,

decays giving such configurstions may be expected

T=0 and Tel,

reactions. In fact,

/
i

iy and their

relstive
e

oLy ~ “Z;TM: Zf:ﬂM:& f‘"f M M cos P, . (3.12)
‘@‘“;(;E?) o~ "{;M: + ZBM: “"";‘%f" MOM;’ Cos {3.1b)
(T ~ &M, (3.1c)
G (A) ,,;, % NE, (3.14)

~

From these expressions, the

sections is

(7= f)/

o (T=o)
abs

]

the same ratic to the

o capture from ress.

To meke progress, we have assumed that the

e
}-a
&1

ratio of =1 and R0 reaction cross

(Mf+ N*)/mE ,
‘ (3.2)

(o(2) #0(5) - 20(E°) + )
3 7€ 3°) °

O

£ , A production bears

4 - o
apd I production sz for the K

Thiz is desgerous, since 1t i not st all clear how
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much of this K -p capture in hydrogen is from the p states. Jackson s
Ravenhall, and Wyid'? have poipted out that the competition of the 2p
capture with the 2p-ls raﬁiative transition can be obtuined vwhen the
p-weve absorption in £light is kmown. A% 100 Mev the abscrption cross
section appears relatively small, and it is s'*t:‘:Lll quite consistent with
s-weve capture; 1if ‘50% of the obgerved cross sectlion were p-wave, this
would allow only sbout 30% of the K caéture from rest to be from tﬁe
p states. There is, however ,. some support for this assumgption from the
E:,/Ei+ ratio, which is 1.8 for the low-energy interactions in F1ight,
quité in accord (within statistics) with the ratio of 2 observed fof the
captures from rest. In this way a ratio %bsm:l);/ @abs(‘l?--o) of dbout
0.4 is ohbained, the total resction cross section st 18.5 Mev then
being %{oabs(fﬁ:l) + cabs('l‘:())} = 62 wb. Since the reamcticn vc.&:oss'

section is directly relsted to the imaglinary pert of the phase elift,

%,

~ ~,

. P S . _ - '“.'\
Ty (D = TH (1= ep-2py), @

values may be obtained for BO and al from these numbers. Next, the

real perts of 60 and 5., may be obtained from the elastic and charge-

1

exchange cress segiions;

2 —20 a2l 5, zie\i2
B
el c 5
ey 2P 2idy 3B, zia |2
Yo, = T e ;( ‘e — € € )3, : {2.5
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There ara two distinet solutions for ao &nd o:l ; for each of these
. - solutions the relative signs of &, amd «, are determined but their

0 1
over-all sign is still indeterminate At this point, it is appropriste

to follow the suggestions' of Jackson, Revenhall, and Wy_ld,7 and to

adopt the zerc-range spproximation, since even at 100 Mewv the waﬁve
 lengths are et111 reasonably long reletive %o the range of the

interaction. Zerv-energy scabttering lengths sre then convenient to

use and are defined as usual by

f
koot S = —_ (5.6)

with neglect of the term %gr% + 18T)k2 in the usual effective-
ronge treatment. The complex values obtained for these zero-energy

geattering lengths are shown in Tsble I.

%
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TABLE I ' o

=

K -p zero-energy scattering amplitudes” (loml‘ cm)
ao + ibo ' al + ibl o
Solution A 0.28 + i 0.54 1.19 + 1 0.22
Solution B _ 1.28 + 1 0.71 0.13% + i 0.18

& There are also two correspording solutivns A, B,

=

vwhich are obtained from A+ s B+ by reversing the

signs af &g and a-

The following points are now of interest;
(1) 8y, &, bave the seme ‘sign in both -tggse solutions. This
foliows really from the 1&rgéhess of the elastic éf&ss section, which
requifes a reasonsbly iarge value of (ao + al), énd the smallness of
the charge-exchange scattering, which %hen requires thét 8, and &y
have the seme sign to give & small valﬁe for {aO - 31)“ This is of
interest especislly becsuse of the atrong srgument Cemcare1118 gave last
~Yyea: for the conclusion that the K -nuclear potential is attractive {at
least 20 Mev) for lov=-energy KQl mesons. This conclusion then reculres .
that, since &, snd ai' have the ceme sign, a5, and Gy should both ﬁ
correspond to attractive interactiops.
{ii) The energy dependence of these cross sections is next of

“ereerest.  Jackson, Ravenhall;, and Wylﬂ{ have emphasized that the preszencs

5o r T RESLITEY Ve processes gives rise to a dowaverd cusp in ithe car
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of energy dependence of k@ébq/hﬂ. There is elso & cusp in the elastie
cross section. As & result, extrapolation of the data to zerc energy

must alwéys be done with care. In Fig. 1 the elastic cross sechions

v : corresponding to Solutions A &end B of Tsble I are plotted from the
expression
e - Q + lb ' &3 o ,’6' Z
R - fre B : -
el T " oF 4 ‘4 . (3.7)
[+ Rl ~iRa, ¢ #b —i Rey

and are.compared with the emulizion dsta. Both solutions sgree in giving
an s-wave cross section that falls rapidly with'increésiug‘ﬁf energy;

y ' the two curves agree at 18.%5 Mev, of course, but Solution B rises about
30% higher than Solution A at gzero energy.. Both curves reproduce hhe‘
general trend of the emulsion data, vhich reflects the excellent agraeweni

of the emulsion data with the bubble chamber date. TIn Fig. 2 the

s AR
shsorption cross section iﬁ(2+) + oL )} given by 0.71 O py’ VRETE
ﬁ? . . 5 é; g
%és . ¢ “o Lt ! (3.8}
a2 Bra 18y . 28b + £ (af b)) |
Q. CA t+28b A @Ry T+285 B ) )
. is compared vith the emulsiou date. Agsin the general trend of this

zroes section 1s reproduced guite well, although the predicted curve 1i:cs

Bl

a Jittle higher than tbe emulsion data {owing partly to the somewher
Etzh value of the fitted bubble chamber cross section rvelative (o che

general trvend of the less vell known cross secvions from emulsicn . -
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The general agreement found provides samé support for this simple
interpre%&tion of the dste up té iOO_Mev in terms of a predominsntly
s-wave interaction. It will be of intéfest lster to examine how R
sensitive this £it is to the assumption leading to the relstive welght
of the T=1. and T=0 =absorption pr@céésea. Direct evidence on the EG
and A production from K -proton reactions is very desirsble &t\%his
atage. »

($£ii) The épergy dependemcesiof @ fTLO) epd of o bs(T:l)\
may be quite different, owing to the fact that their strengths correspond
%o different values of b. For Solution A, the fEO ard T=1 absorption
cross sections have an almost cdnst&nt.ré%io, - for Soluﬁio@IB, ﬁﬁe
T absorp”tion ami;‘s by about 50% between 20 Mev exd 100 Mev relative
40 the T=1 ébsorptipﬁ. This will be reflected in a corresnonding energy
aepeadence of the 2?i2+ ratioc f@r Solution B. Buﬁ even if the ratie
-'(HQfM1)2 vere in@epengent of energy, the ngz ‘ratioc would depend
sensitively on the phase angle @; a V&iue ﬁ = 700 gives %hé observeé
272’* ratio a&,‘ 18.5 Mev and a change to § = 99‘” ‘at 100 Mev would iesd
toa /s’ retio of unity there. ‘Since the phase is dué_ o the
scattering interscticns in the K -p ini%ial'state, and especially in
the ﬁahyperon final sﬁato, it is not st all unreasonable o find &
:change in @ by ~20° between zero energy and 100 Mev.

It is also of 1n%erest to mention briefly a reaction which has ‘

not yet been obsérved, althcugh'abouﬁ 3000 Kfnproton captures have, been

examined:

Klwp —> A+TT+0 (355,
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Fujii sad Marshek® bave estimeted from perturbstion theory that s-stabe

capture of a scalar K meson (vhich lesds to s-wave motions in the finsl

‘atate (Bg. (3.9)) would lead to a 'bra,nching ratio of seversl per cent

for this reaction. Okun and Pomeraxschik give an estimate of about 0.2%
for this branching ratio on the bagis of phase-space: ‘consi dem*’cions For

e pseudosc&lar K meson, '&;b.ese estimates muet be reduced by & factor w“Q L
owing %o the p-wave motions which are then necessary in the final state
Okun and Pomemnchmclo ha.ve pointed oqt that the energy dfs?;ribution in

the Pinal state of this reaetion'mum be of considerable intérest for’

'éhe determination of KA parity if the reaction is ever obsemed;.

4. Dispersion Relations for K Mesons '

Tt sppears that the use of éispersion relations for K-muclecn
scettering offers & very powerful means for the determinatmn of the KA
_ ' - ' ' +
and KX parities and coupling constants when the data aveilable on K~

~

scattering become more extensive. Their spplication for this pui-poae
' 1 12, .13

haes been discussed recently by Amati and Vitale, " by Igi, by Goebel,

and by Matthews and S&l_&m.m The form of these dispersion relstions for

K-proton scattering is as follows:

(A) ‘ - X(Z) ,
) , v 3

: ) ) ¥ /] (l{vnla/;

N ' ' 1%
+ e {,dweiﬁ G;‘_{w’) £ G:;(w‘) : + L dw'éjw"}

g’ Lot [ T ; ?
‘ T T 6" )

-4 ,
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: X(A) ' X(Z)
D) = 4 - p
el A -

% M

Ry q- (w’; 1 deo’ AL
. YR - »
,f-W" j 6) N (/%] --‘) -ﬁn lf!.’ - 1) (hwlh)
ﬂf &),

2 2 2 ‘
= { - @ i <)
where w, = (o mp e %/émp , and m_ is the rest ensrgy of the

gystem «&. The first terms on the right are the poies at N and mt
kcerrespcnding to the isolated A and 2 particles. The point of
special interest here ig that the sign of the residue at eachvpoieAis
proportionsl to the psarity, Py ©F D, of the corresponding KA
or KI pair, vhilet the magnitude of the residue is related to the

corresponding coupling counstsats & and & - The expressions

for the residues are

2 - 2 2
A (A M) — Mg

) et X(A) = 22 b2 |
b= : P & mymg ' (k-2e)
2 2 2
b X(A) T (7" Te)
= =f ¢ o= N \
% 4 4 ™y m, ? (1.20)

with éorrespoﬁding expressions for ‘pz = % 1, A Dbeing replaced every-
where by Z . It is of interest to add that the K-neutron dispersion
reiations bhave the same form except th;t %{A) 15 O, the term X(Z)} is
cubled relative to the expression given by the anmlogue of Eq. [L4.2%;

“irce the KN systewm has T=1, only the &£ stave cen contribute 2

{
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pole, so that the K-meutron dispersion relations relate to the (K2} parity
alone. } . | |

In expressions (b4.1), D, denote the real parts of the Kicprcﬁon
forward scattering amplitude, sud A_ denotes the imaginary part of the
Kf forward sc&ttefing amplitude. The.unphysical region here includes a
‘conﬁiuuous‘strétch from o) to D s corresponding to the f&ct %haﬁ
Ast and Zx states of positive kinetic energy can still be reached from
states of unphysicel emergy for the K wproton system.

How let us discuss some of the diffiemitiee in the use of these
dispersion relations. Firetiy, it has been poinied out to me by S. Tﬁan
{Berkeley) apd by R. Oebme {Chicago) thet the present technigues for
éaﬁablishiné the validity of dispersion relations fail to.achieve their

purpose for the K-meson csse, even for forward scatiering. The mass

- inegualities are only just viclated: if the A psriicle were about 5%

heavier the necessary condition would be sotisfied. However, not all
that we know about the possible intermediate states hes been put in%o
this\calcqlation and there is every reeson to expect thaﬁ they will be_
rigorously demons%raﬁeﬂ in due course. |

Ngxt, %the unphysical region may be quite compliéaﬁeé‘and there

is little thet we can learn about this froh experiments in the physical

region. .Although A_  is required to be positive in the physical regiom,

it is permitted to teke on negative values in the unphysical region.

We have already mentioned that cusps generally occur at © = Dyes for -

( f(/b + BB val) . b« Rk wal) ) (b5
“) = [+ 2%b, +5%a 45&) 256, -+ B} g,b)
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BCTOBE ® = Wp. For o <:§ﬁﬁ » A is 210, of course; at ® = By
£  hes a branch point of type {on - @ and may become either positive
or negabtive, and there will aiso be some kind of cusp in A at o =unzw 5

1
ye

vhere the competing (I + n)-stetes begin to play & role. To illustrate
these points, two of the many possible curves for Am(w) in the

unphysical region are shown on the following figure.
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In the form (4.1), the integrals over the cross sections do not
converge if the cross sections S, and S spproach constant velues
at infinite energy, and some subtractions will clearly be necessary.

3 have suggested mzking use cf the form

]
GoebellL and Matthews and Salaml
obtained by subtracting Eq. {(4.1b) from {4.18). With @ = m,, this hes

e form (essuming A and I parities to be the same)

Y
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+ 2 ( g;j: -+ 52';' ) /4:]@' ; : for scalar K meson,

-2 (/?nk: ,/.2 rz?;b)z(gj -+ ?;)/#W'ﬁ for pseudoscalar

K mesgon.

Here the hope is that | j&m*(a‘+ o a‘a)/k‘ mey be convergent.
Pomranchuklﬁ has shown that it is reasconable to expect

(@+ = \e: )] ;ﬁf; C log o , but this is not sufficient to emsure
convergence. Even if the integral is convergent, this convergence isg
slov and its value will then depend on comtributions from emergies far
teyond those for which experimental information exists. Ewen so, it is
of interest to follow a little the argmments of Goebel and of Matthews
and Selam. As far &8 the experiments go, o_  1s larger thga 6,s
and 1t is reasonable o expact this to continue up to fairly high

energies, since the ¥~ interaction has many more reaction channels

‘available than the K& interacition; it scems likely that the first

integral (1f it exists) is positive. Now D (m, ) 1is known to be
+ g

segative, but fairly smell, vwheveas 7 { mK) is quite large. The
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second integral, over the unphys:ﬁ.c&.l regicm, .LS unknown even im sign,
but mey be expected to be m@demtely smali (es is the case fcn' simple
exﬁrapo]ﬁ,ticm from the physical region). Hence if D (mK) were
negative-~that is, the K -proton 1nter&c‘tion were répulsivemthen_the
expression (4.4} would almost ceﬁc&in]y be positive and the Kemeson
parity mulﬂ be‘ even. But if D:i is posgitive, for an ati‘:rae'tive’

K eproton interaction, the matter becom@s more: quan'mtatwe s bwt it

sppears rether 1ikely that (&.b) would be nega‘cive correspond.ng to a

pseudoscalar X meson. However, owlng to the question of the walidity

of the relation (4.4), there is some doubt concerning ite use in this

way for determination of the K-meson p&rity.‘
A modification of the relation (4.4}, analogous to the method
proposed by H&J:)@r«»&”:chza;,i_m16 for the use of pionwmclecan dispersion |

relations s hzs been proposed by Igi.lz , After the'approximatmﬂs

= 0.11' mK et 0, wg = 0.27 m. &% 0, Igi wes led o the expresslon

£

o e '
de)’ A () g% Bln' 1a—a;

.,,w(i) ,#,,)"’ ‘"_f w,gw;g mzf-'ﬁ% o'l ot {\ waé

wﬂﬁ" ‘ m .

Al

= ;;g)((/‘t)-s%x[z)j +. mf

( o'-q)

(k.5)

If the left-hand side of this expression 1s plotted as & function of w

{note that the integral over cross sections is now repidly convergent),

it should follow a straight line which way be extrapolated to @ = O

to

Les
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obtain the desired indication of the K parity ard the K-hyperon
eouplinvgv constents. However, the uukmown integral over the unphysicsl
regliop will not pe_'pnjmporﬁant, "alsc the extrapolation to @ = 0 is a
very large step rela&ive‘to'the energy rénge cver-éhich experimental
dsta éxe sﬁ present aveilable, so ﬁhat tge use‘éf’this-interesting
relation may be rather uncertain. | | '

However, gi h&s also sug;gestnd tha use of the Pollowing fom:, 12

w[{) ()] m-i—-(m +a})D( ) mg(mk -w)1) (‘wk)] \

j‘ : a’w"ﬁ (w)
(&3’ w «e«a}) o %‘g(’w +e0)

Ly

(h.6)

|

—p [_X{@ + X(E)] . |

which is weighted egainst comtributions from the unphysiéai region. The

cross section integrals agein converge ,rather rapidly end depend on the

X" cross sections to a far grea‘ﬁ;er extent; owing to the large denominstor

that gees with a’ve Tc pay for these @,dvanta.ges ; the formmlse are

.carrespondingly more dependent on the energy d@pendence of the f’omrd.

scattering amplitude for X' -p scstterivg. Tgi considers two

possibilities:

(a) g 1is constant &t 15 mb up to ® = :‘-',mK, In this case be

" finds that if D_ is attractive then the expression on the left of -

Bg. {4.8) is positive, corx-espondmg to a peeudoscalar K meson
{essuming £ and A o nave & e same parity) with (g;A + gj,e‘)f&er od o,
wheress, if D ' is repulsive, the K meson must be sealer, with

B 2 . .. L . X .
<gﬁ * & ‘)/hyf w2, 0.8, To obtain these conclusions, the knows



o UCRI-8 5“9’#

CTross SectionS'h&d to be extrapolated far beyord our region of knowledge,

and the unphys*cal contribution was estimate& by a simple smocth
evﬁrapol&txon inﬁ@ the region o < mK , an estim&ﬁe which did nc%
contribute at all strongly %0 the finsl expressi@m. It is difficult to
be very aefinlte about how sensi tive sueh,calculations are to the cross
seetiog‘aasumpﬁions withnut having had.the opportunity of repeating the
calculations.oneselfuasomé of the datz uged at low energies éeviaté

considarably {for éxample,_the v&lugs'for } from our present

ab
Rngwle&ge_aﬁ this-meeting,\but ox the oﬁhér hand, there appears o be

some degree of cqmpensatién between the vari;ué terms when the © K~
cross'secﬁiohs in the low@ene:g§’regidnfare modified. It is of inﬁerest
to note %bét, on the 5&815 of‘ﬁhe same cross-section assumptions;
%ogefher with thg additiéh&l strong assumption that'(ﬁavm»0+) apprbaéheé
0 reasopably qpickl&‘with increasing w;, the work of Goebel and Matthews
&n& Sajsm reached essentislly the é&meAcanglusionq>
fb) a sécond assumption consiéered was that ¢, followed é

smooth curve running through the K -p . scattering cross sections

7

published by the Michigsn bubble chamber group, which were consistent

with a cross section falling off by & Pactor of 2 between 50 Mev-avd zex0
energy. In this case, the expression was found to be negative for either
attractive or repulsive D _, corresponding to & scalar K meson and
2 2 v '
(gA * 8 %ﬂﬁi ~
My main purpose in discussing this matier in detail when the data

are 8t such & preliminary stage is to stress the urgent need far date on

+ - A
K and X cross 3ecﬁiona for interaction with protons over wide en@rgy

ranges, up to energies very muich above fhose for which data are now

aveilabla. For the use of Igi's relation (4.6), more accurate studies

+ . . , s . _— o
on K -proion geatlering crogs sectionms ard angelar distribubions et low

e,
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energies (say 50 Mev and below) would be very helpful. Alss; ss Matthews
and Salem have emphasized to me, i% would be of very great interest to
obtain data bearing on the K-neutron cross sections, for exampge om total
cross sections at higher energieg by scattering off deuterium; information
on K ~peutron forward scattering can be deduced from sufficientxy detailed
data on Kooproton inte;actions, on the lines indicaied above for the
discussion of the K -proton data now available; but informstion .on
K" -peutron forward scattering will clearly need more direct experiments.

: .
From thiz informatiom it would be possible to drew deductions concerning
the (KZN) interaction alone, which could then be used in comjunction

with the K-proton scettering anslysis by dispersion relations to lead to

clearer conclusions on the parity and strength of the (XKAN) interaction.

5. Capture of K Mesons by Deuterium

Kext, we turn to discuss some points concerning the new data on
Kfmdeuteron interactions, which Tripp has just reported from the work

of the Alvarez bubble chamber group. These dats have given us our first

~ clear and very velcome verification of a charge-independence equality.

There has not been sufficient time for the measurements to ge so far as
to distinguish £° and A events in the cases where this may be
possible. However, it isg of interest to ngte that there are only

7(=” 5%) events recorded compared with 43(Y° =~ p) events.‘ Since
charge independence requires the number of (&7 7 p) and (=% =" p) o
be equsl, it appears that the relstive production of ° and A from

K -peutron interactions is o~ T/%l, 80 that A production is dominsnt

here, in contrast to the situstion for K -proton captures. This is

. 3
- yather reminiscent of the conclusior reported by the Bern group“B that

Accdn ¢ Tap eonzere 1L be comparable with the totel X s raduction

[ape—
[£An 7

R
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for meintérgctianﬂ in £light at 90 Mev. However, %his_result for
deuterivm could quite well arise from gecondary interactions in whiéh a
£ particle produced interacted with the»heighbar nucleon, transforming
e A p&rtiele and cauéing_&u inerease in the @/& ratio observed:

The E?f$+ ra%iqxagéears to be rather lower than that known for
K”mprotsn‘capture,valthgugh s@mé increase might have been expected; owing
¢ the additional neutron-capture events. Sincertbé-energy dependence
of the 1s capture scarcely comes into pley here,.it may be necessery
to'attrihute th%s change (aﬂi perbaps part 5f the incresse in A
proGuction) to an grester rate of K  capture from the 2p state In
Avdeuﬁerium than from the Zp state in hydr@géﬁ. This mey result froﬁ the
edditional capture channels now aveilable through the neutron inter&ctioné;
ap well as from fhevlargef ré@uced mass in the K ~deuterium system. For
the cases discussed by Fujii a&dvﬁarshak,g it turned 6ut that the rate 4
Of“ 2p absorption im deuterium was aboui three times 88 large es the
rate of  2p absorptiénvin bydrogen. To cl&rify-the situation, it would
be desirable to study in somé detail the enérgy spectra sod correlations
in K -8 resctions. Okun spd Smushkevich bave submitted a theoretical
study of sgch-cerrelétions on the basis of the impulse approximation; but
taking into acccuﬁt elastic scattering betveen the final baryons;lg
however, there are po dats avajlable at present, eieept in one negative
fespécﬁ,!mxﬁgly ¢het pc bound siates of type Ap or IE%n have been
detected émgﬁg the X -4 reaction products. Estimates for the rate
of Zormedion of such bound states (if they eﬁist} were mede by Peis and
Treiman some time égo.go Generally speaking, they found that these
houad states should be formed about as frequently es the corresponding »
unbound systews, for a binding energy of 1 Mev. TFor $mailer binding enegles

e

: . / s .
v, the beocehing cehio falls off stout ag Y B On this basis, the
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absence of these states in the I -4 remctions jmplies that their
binding energles (if pﬁsitive)ware unlikely to exceed several tenths Moev.

One important qﬁ&lificati@m ig necessary: 1f these systems were bound

" only in the Y state (snd we shall see reason later %o believe that

this is £he moét favorable state for binding), then' capture of & psevdo-

scalar K meson from thelqls state of deuterium could not give rise to

f%his bound state; owing to the selection rules of sngular momentum and

perity comservation, although capture from the 2p state could.
Finelly, the rate of two-nucleon capture modes in deuterium--

e.g., K +d=5 +p =-is of great inkerest, in view of the

" observation that the two-nucleoh capture of the K meson tekes place

in perhaps 15% of K -nuclear capture events in emulsion. From experience

with the procese of two-nucleon capture'far pions, 1% would seem

" reesonable 1o expect this figure to imply that sbout 2 to % of K

captures in deuterium should invoiVE'boﬁh nucleons, This is not at all
excluded by the presenﬁ\prélimimﬂry d&ﬁ&; when fhe dets have increased
to the point where & stetistically signifﬁcant c@mp&risdn can be mede
tetween the deuterium and the'eﬁulsion date on ﬁhié point, this will be
of consi@eiable interest for nuclear physics, since there h&s baen no
test to date of the correlstion functions in dewterium aud in ;dmplex

nuclei for such large momentum transfer. It is of interest tco add that

the. perturbetion caleulations of Fujil ang M&rﬂh&kg lead to a branching
ratio ~ 0.1% for tuuonucleon.c&pture in the case of pﬁeuéosc&lar K

cépture from s-states, and ~10% Por scalsr X caphburs; for 2p c&@%ure,v
the proportions were &fI% for pé@u&@ﬂe&lar K-meson and ~ 0.1} for salar

Kemeson cepiure.
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6. Hyperon-Nucleon Interactions

Strong interactions betueeﬁ 8 hyperon end a mucleon may be transe
mitted by the exchange of X mesons. and ef pions between them. Egéhange
of an odd number of K mesons énd any pumber of pilons involves the %r&nsfeﬁ
of strangeﬁesa betveen ﬁhebp@rﬁicles ané gives rise to an "exéhange" |
inﬁer&ciion; vhereas exchenge of pions alone or vith an even humﬁer of
K mesons gives an “ordiﬁary" interaction. Now, since thé hyperoma axre
coupled at least woderately sﬁrongly’ﬁo K mesons and nucleoné; and theﬂ
nucleoms ve:Y'sﬁruﬁgly with the piouns, tﬁere must c@ft&inly eiist pion-

hyperon interactioms of the/ﬁype
Aes 5 4+T , JFe» 2+, (6.1)

The forms of these Yukawa-type 1&&@?&@%10&3 are &étermined by cherge
infeperdence, and the coupling paremeters will be Qenoﬁéd-by' By and
By respectively. If these interacticns (6.1} are reasonably strong,
%hey will domlinste 0§er the_ﬁkmeson interactions in byperonnnucleon
intersctions at l@a_energies, dwing to the longer range sssocisted with
'the pi@nwexchangg prﬁcess.

At this cdnfgrencehlast year, Gell~annl ard Schwingerg each
put forward the bypothesis of a "global symmetry” involving & universal
}pion«baryan coupling. In qrﬂer tovgllow g comparison between the pion

‘pucleon aoublet end the A,L multiplets of

N0 =4

coupling for the T =
integer isctopic spin, the 4,5 states were resrranged into twe doublets,
. . . f g"‘; ey

¥
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Of course this makes
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sense only if the A end ¥ multipleis heve the

same parity, as is here assumed, In terms of these YY_ and Z  doublets,

the form of the pionébary@n coupling was

G{ﬁg%g -+

Cocums

Yo Yell # Z72.M + = ¢ = o’ﬁg(é.ﬂ
o em - s e 3

where G is the kﬁown_pioncnucleon coupling paxamater and these interaction

_terms each have the seme form-in spin and gpace variables, so that the ¥

doublet and the Z doublet each behaves in the same way as the nuclewn

doublet as far as pion imteractions are concernad, The use of this form

of coupling is equivalent to ‘the choice gAf ggz = G, It is als@

possible to consider

the choice By = Epp = =G , but it appears rather

unlikely {see below) that this can be compatible with the experimental

facts.

This "global

symmetry” obviously camnct correspond completely

with the observed facts, of course, since there is e mass difference of

~80 Mev between I°

and A setates; this symmetry can hold valid oanly

to the approximstion that the mass differemce A = meo = mA can be

neglected. Purther,

if the K couplings were also very strong, they would

be\ezpectea to distort this symmetry between the pion-bayon éouplings

quite severely, 50 that the proposal was put forward that the K couplings

ﬁight be regarded as

g moderately strong interaction whose effects on

the plon-hyperon interaction might be neglected as a first approximestion.

This appears fairly resscnsble, as a coupling strength of sbout one-tenth

of that for the plon-nucleon interaction appesars reasomable for the KYN

interactions, assumin

ng these %o be of psgeudoscalar form.
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It has appeared attractive to seek for a possible symmetry
hetween the strong interactions N & A + K, NesZ + K algo, for
expmple it was often suggested that Al might hold. This

would then Jead to the interaction form
was e s ’ _
Eg{/v[?'k’ +ZK') + k'c._'}‘ (6.4)

However; it has been pointed out by Pai921 that this possibility is
excluded by the experimental data if the xﬁionmbaryon symmetry &5 = 8po
holds. For exanple, since K" is coupled only with Z, and since there
are peo couplings that mix Z and ¥, it is clesxr that there are no

interactions that cen lead to the charge-exchange process

.},.

K e n —> Kl w p, ' (6.5)

vhereas this process is well known. Ancther counterexample is the

reaction

Kt p ——> 5T+ 1. (6.6
lere the K  is coupled omly with Z states, and the pion-hyperon
couplings cannot modify this. Hence the 8+ state (e Y state} cannct
be resched from an initiel K particle and therefore this reaction is
pradicted to be forbidden, contrary to the evidence. Therefore if i e
pion~baryon symmetiry By ™ Gy holds, then we have &% %: By

The limitetion that this piou-baryon symmebry can be fully
effective only in situations for which the EG«»A mass Gifference is
vainportant severely restricts ite spplicability to mzny straunge-psrticle
reacticns without rather detailed considerm'}.«:msj. 80 taot the possibilities

B3 s

. Ceng o, Ty P . S e 3y gy e vy ks T e v T e . Nt B e e seon
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present. For this reason it is of interest to mention one situvation in

which this symmetry principle makes a rather clear prediction, although

there are no data available yet for a check. This concerns the magnetic
moments of the I ‘an& A particles. It appears reasonable to expect\*
these to receive much greater contributions from the pion currents than
froﬁ the K currents within each baryon. For the terum associated with
pion processes alone, the prediction is thet u(Z') = u(Y+) should just
be u{p), the proton magnetic moment, vhereae u(z°) should equal  -u{p).
In this approximation, thé ° and A moments should each be zero and
the matrix element for the process 2 A+ ¥  should have the form
Ry gi , where the transition moment By | is the negative of the.neutron
magnetic moment.

Now we shall look at several situastions in which tke pion-baryon
intersction is of obvious importance and for which there estists a little
empirical evidence. The first of these concerns the interactions between
Z particles and nucleons. \In the low-energy region (where the pion
interactions tend to be dominant) these interactions may be represented by
potentials,; to a sufficiently good approximation st present. Thevneglecf

of the maess difference A in intermediate states will affect the

calculation of these potentiéls relatively 1ittle (by less than 10%),

since the intermedi&te states vhich contribute most have relatively high
energlies. To this approximation, the Y-N and 2-N potentials are
predicted to be idemtical with the N-N potentisls. On this basls one
may then hope to proceed phenomenélogically end to deduce the hyperon-
nucleon potentials from the evidence on nucleon-nucleon scattering.

Comparison of these potentials with the data on hyperon-nucleon inter- .

tetions vould then provide & ten Por xbhe globel- 3 mmetry hyro hesis.
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For eiamplé, the ='p or n nuclear forces are predicted to be
mentical with those for t’hé p=p or n-n systems. For the 1 state,
the $fp or £ n potential is predicted to be the same ss the 1& nep
or .pcp nuclear force and therefore almost resompant at zero energy
{see below), but for the 78 state, the prediction is by no means
unambigous, since the Pauli principlg forbids the 5S state for the
pP=p ‘6r .nen . sgystems. Only tripiet’states with odd £ sare psrmitted
for 1den€iéal particles, and it is therefore necessary to extrapclsate
the_;ptepgation_ipﬁﬁhésexst&tes_to the triplet states with evem 2. In
principle, this extrapolation is not possible, since it is poséible to
construct & potential which venishes for states of low odd £ , although
finite for states of low even £ (note thé% position-ezchange terws are
exciﬁaeﬁ'in %héipdtentiéi so:fér"as'it is due to pions alome), elthough
such p&téhtiél terms do nét'apge&r'véry reasonable from the viewpoint of
simple.meson theory. ,W;th\a potential limited %o simple static and
spin=-orbit forms, the 3S 2+ap potential may be obtained unambiguously
if the odd-£ tripleﬁ’po%ential is sufficiently well estgblished. Bryan
et a1;22 have made calculations of the scattering cross sectlons and
polarizetion properties for £ -p scattering on the basis of the
Marsh&kmSiénell potent;al, whicﬁ fits well the p-p scattering below
é06mﬁev:f The main points of physical interest brought out by this
céléﬁla@icn.are that there is no reason to expect the 2+=p angular
aistribution to be _symmétéicél about 90°, a forward peaking being a
more reasonzble expectation, end that quite stroug polarization effects

are likely to occur in 2+wp écatﬁering. However, this calculatioca e+ o

illustrates the practical difficulties of an extrapolation from the

: S e 3 A+
ptservaed * gclee T p schcte~iprg wo tie 8 T.p ypoienuvi?l. Siwce

1%}
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the triplet p-p scatlering is due to P states and higher, it is not
sensitive to the form of the triplet potential at short distances,
vwhereas the properties of the S-wave scatteriﬁg are quite strongly-affected
by the form of the potential at short distances. The Marshak-Signell
potential actually predicts a 3S bound 2+=p state, but it is found
‘possible t§ modify the triplet-state potential at short distances
sufficiently to remove this bound stste, without affécting apprecisbly
the fit of the potential for the p-p séattering.

The question whether bound states should be expected to exist
for the £ -n and 2+np systems is an interesting one. At present
there is no clear empiricel evidence to 1ndicate the existence of such
bound states;:in facf, as we have seen above, the evidence from K -d
capture experiments is that a 3S bound state for £ -n 1is very
unlikely, although 8 -5 bound state is mot yet excluded. On the basis
of the global syﬁmetry hypothesis, mesonatheoretical calculations by
Iichtenberg and 308823 and by Ferrari and Fonﬁaah indicate that the
£ -n potential has most attraction in the 15 state, Por which the
potential is closely related to the nucleon-nucleon potential. FPerrari
ard Fonda have pointed out that, with the static limit G o°p//2MB for
the unive;sal interaction Gj; , the £ -n potential»may be expected
to be wesker thenm the N-N potential, since the hyperon mass MB is about
25% greater than the nucleon mass. This is partly balanced by the
appearsance of a larger reduced mess in the ZI=N system,.but the net
effect is that the Z-F system will be further from binding than the
N-Ngyatem, as far as forces due %o pion exchange ere concerned. Ferrari
end Fonda emphasize*that K-meson exchange would contribute an sdditiopal
attractive interaction for a pseudoscalar XK meson {repulsive for a scalar

v L

Worvoron ). no thel obmevvetior ¢f 8 7., yramA acete wor 1l gti 1l et
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conflict with the global-symmetry hypothesis.
When £~ particle comes to rest in hydrogen, the X -p - capture

_ reaction is observed to leed to the re&éticns
e | o : o ' |
Z Fp =—» 2 +w, . (67)

}:‘”ﬂo — A | L (6.7b)

in the ratio A/E° ¢ 2. How since the £ perticle is a Z particle,
the pion-hyperon intersctions cemnot lead 1t to the (A° - £%)/y2 state,
'ﬁhich belongs to .ﬁhe Y -doublet; so that the global synmtry'principle

would appear to ‘suggest

533 j%@‘*@ =6 = é{(;‘;,zsg/\@m(z.}m( zn5 0 6

-On this.,ba,sis,vo‘ne wight expect the matrix elements for. the pmceéses

(6.7a) and {6.7b) to have the seme form,vini whilch case the ratio Af5°

would be eéfpec;t;e&. to h.a,ve the value - (pA/p2'>2,8+l = (!&)z‘gﬂ for capture

from & state of the % -p atom of vorbita.,l angular momentum 4, the

@utgéing momenta in Pmceéses (6.7a) and (6.7b) being P, ~t 280 Mev/c '

and PE ~ TO m\yc, respe;ctivelm ‘This conciusi,on does not agree with

the data, but the situation is more complicated than this simple | CF
argument -assmes., To & good a,pémximtién, the argument of Eq. (£.8) : -
may be used to deduce that the potentials <E=-7p ! V{r) ; 2°n> and -
<§Z‘=p ;5 v{r) f _ An> " are equal, on the bagis of globai symmetzy .
However, the wave length of the outgoing A particle is s‘mi‘tér“ than
the range (‘Jﬁﬁn ic) of ﬁheaelgcﬁtem\;ia,ls by a factor of about 2, whereas

the ° ~wave length is longer than this venge by sbout the sewe fector.
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This means that .the matrix element Mg(p)"m \(r‘g v(zr) j’e(pr)dir relevapt
to these processes when the potentials are treated in lowest-order |
spproximation has to be evalusted for quite different momenta in the two
cases and mey be expected te be a good deal smaller for Process (Sa'rb)
than for (6.72); in fact, a first-order calculation on these limes leads
to & A/Z‘io ratio of less than unity. For caepture at rest, the direct
application ofv the global-symmetry sargument to the mm;rix. elements for
Processes (6.78) and (6.7b}, as given folbwing Eq. (6.8), would be velid
only ii" A were less than u.a;/emo In & movre exact %reatmenﬁ of the
'maﬁrix elements from the potentisls, the hyperon-nucleon system mst be
discusged in terms of states of definite isotopic spin T, since the
global symmetry is broken down by the Z-A maéa difference. The £ -p
e:ystém is then split intoa T = 3/2 stete, for which the potential is
the nucleon-nucleon T=1 potential V, eand for which the transformaticn
(6.7b) is not possible, and a T = % tete, for which the potential

is represented by & metrixX hetween £ and A .sta:izes s expresgible in
terms of the nuclecn-nucleon potentiels V‘O and Vla For the T = %

potentiel, this form is explicitly

) |
Ves Vea\ _ [E(4+3%)  Z(%-Y)
e Vaa Bly-y) L(sy+y) ) 69

The potential Vl 48 strongly attractive, so that there is strong

scattering in the T = '2' channel. In the T = % channel, the masa

d.ifferencel L is important and a pair of simultanecus equations are t

be solved, to give the amplitudes of the outgoing Pun and A-n weves

fer the T = % ptote. TF, for example, the % «p T =

Jusi ia resonpance £ -7erc energy for the capture state considexed, then

[FINY

stote were

s -
. I X - e N A
Bty . AR N 3 e e d A ¥
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possi‘bie only through the nonresonsnt 7T = % chamnel. Detaiieﬂ
caleulations of this kind have been carried through by Lichtenberg and. o ST

_ Ross™ and by Weitzner ﬁ‘gs but from these remka' it will be clear that

&

. ‘&:he conclusions reached will depend e @c‘est dea,l cn the pxecise treatment

of the rhypemnmnucle_oz_n potentials. Alse the conclusmns will depend 8

- good &eal on how much capture occurs from the Qp state of the & -p
atom; owing to the loﬁg renge of the hyperon-nucleon potential, it sppears

‘probable that p-state cspture mey be predominant. The situation is quite -
complicated and a prediction of 'ﬁhe A/2 ratio in Re&ctﬁ.cm {7) cannot |
be mede an the baais of global sym:eetry alcme R withcm‘h det&iled considera.‘tion
of the effect of’ the mess difference Ae Globa,l s;mnetw can make e clear
gm‘ﬁ@men‘t sbout these ‘resctions only for % -p reactions of high ener&r
(8o that the final kinetic uenex'gi‘es are little affected by the msss

‘ &iffereﬁce) end of J.qw=mmentum transfer (éo that the réa,é‘i:ions do mﬁt
explore the region of tI‘aev éotezﬁ:ia; where K-meson processes contribute).

» In a _f’irsi;etorder calculation of the Z-nucleon potential, as given

by Lichtenberg and Ross™> and by Ferreri and Fonda,eu this potential is

-3 3

| . |
fownd %o be attractive in the 'S amd S T =2 states and in the °S-

1 ! . : 1 _1 "

| S 5 stgte for 8y = Byp = 4-(‘%, but repulisive for the S T = 5. state.
With By = gzz = =G, the signs of“i:heae first-order potentials are to
be reversed. Gilbert anpd wm%% have argued from a comparison of the

pion spectra obgerved in K capture in emulsion nuclei with apnd without

+ + : .
an accompanying 5  emission that the X -nuclear potential is atiractive o
and shout 30 o L0 Mev deep. This conclusion appesrs difficult to B s

‘reconcile with coupling paremeter =G for the pion-hyperon coupling,
ant appeare to require the choice <G e&s made by Cell-Msumn apnd Schwingezr.



UGRL-834

£ 35&-:

Another situgtion of interest for the globel-symmetry hypothesis
is the X e-p cap‘mme reaction, since the pion=hyperon interacf.i.ons :m
the final state affect the branching ratios for these re&ctionsa T’he
most extensive discussicr on this basis h&,s been given by Amati and Viwleag?
These authors note that ﬁhe fixgal pion-hyperon system may be expressed in |
terms of =¥ oand ﬁZ ‘s:ca%ermg states , apd, that the scf&%ermg'properﬁes

of the ¥ and =Z states are identicel, being characterized by the -

sgme T = __.:_E ond 2. scattering phases (equal to the pion-nucleon phase

2 2

\shff‘ts with g!m gzz = G). The T=0 I +x s'tate correspond.s to

T = E %Y and =2 fma] s'mtes, for K 4p captuvre from rest the Ehase

of this emplitude (assvming time-reversal invariance) is preci_sely ‘the

1 pion-hyperon states are

- £ phoee snift B /2 © Two orthogonal T
5‘

then formed, each of which corresponds to T = 3 ®#Y and wxZ systems;

the two amplitudes. lea,dixx;g to these finsl sﬁatés then both bave the phage
63;/120 After forming the expressions for the branching retios in terms
of these three real amplitudes and the rele,tive ‘phase (81 /2 - 53 /2),

Am*&zi and Vitale show that they imply the in@q,u&]ity

(E%“*’” Z—“”__' 42“’)?4@ 4 (A 20-»2.’?2@) Z 0, ((6010)' |

“ The steandard ratios £ E Z R oA l°=]¥'°.2 ‘5 cbgerved fo:z mep cagpiure

from rest fail to satisfy this ineguallty, giving Expression (6.10) the

why : ,
value m§/2, This expiains jLn a genersl my/KamrabayashiQa @mi "“am%gmhi.gg

- who carried through detalled calculations. on the static Jmﬁ,ej‘, for.

gamué@scala,r and for scalar mesons respec’iﬁi.vely {essuming lowest-crder

perturbstion ‘%;heor'y for the K 5n‘2:emc‘r.‘i on}, were upeble to find &gmement

- with the date for sny values of the Pfree perameters in thair c&lc_ul&ti@ns.,
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iﬁ is unclear how significant this discrepaney is to be camsiﬁered, For
one thing, the viclation of img@uality (6.10) is'relatively sensitive

to the proportion of the I° 3ge&cﬁiong'which is relatively poorly kncwn;v
’ for‘anothe%, it is far from ciear.af present how large an effect the

S=h masg difference will produce im the Final state. However, the
derivation oévthe‘inerality (6.10) does not involve the essumption

that the K¥N intér&ctions are weak, but only thet the capture reaction
occurs from & étaﬁe ﬁf.defiﬁite total anguiaw momentum, either»from a
bound state or from & conbinuwum stete of very low emergy.

Fipally, weiturn 0 the Aamucieun interaction below the & |
thr@h@l& for whieh there is & good d@al of evidence from observations . }
on Amhyperfr&gmgnts. Here ﬁhﬂ two«bedy A=nuclieon forces exre due fixstlv
o exchange of two piomns,the simplest ex&hange compatible with T:Q' for
the Av particle, and of thfee gions or mﬁfe, as well ae %o the exchapge
of K mesons with or without pion exchange. The forms to be éxpected for
these potentials have béen calculated in the static limit, invvarying '
degrees of approximation and for ‘the verious Ki, K3, and ZA parities
by Dallaporte amﬁ'Ferrari,EO ﬁy Lichtenberg aﬁﬂ Rpss,25 and by Ferr&ri;
anﬁ.?@nﬁa.gh These calculations will be aiscussed briefly after some
remavks on the phenomﬁnmlogical analysig, but we may anticipate this
comparisen here by the remark thet it appesrs necessary to asgsume that
the forces are due very considerably to the piop-exchenge processes, a8

. required by the globsl-symetry hypothesis.
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(A) Two-body potential (B) Three-body potential
srieing from two-pion arising fron two-pion
emicsion. . emission..

; .
Several author9m~8pitzer,3“ Weitzner,25 and B&chBewmhaNe pointed

out that in this situation, three<body forces may be expécted to ocecur

° ot
in the same order of approximation of perturbation theory (see above figures).

In lowest approximatioﬁvthey wlll necessarily have the form

Vi(l’ 2, A) = 00, Ty T, H(rAl, rAE) + *noncentral terms,
{6.11)

where

w(rAl, rAE) ~ exp(curlA - urQA) when the separations r,y» Trp BTE

both large. Neglt we note that. if the two nucleons have s-wave relative
motion, then @, ", Ty E, = ~3 , s0 thet these three-body forces do

not d2pend On the spin or isotopic spin of ﬁhe nuclesr state for

intersction of the A narticle with s pair of s-shell micleons. The
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- various calculations répor*ted for these three'abody forces have given

‘rather different reaul*té Weitz.nef s ealculation assumes an interaction : "

F A f»x to b@ responsible for both Processes (A) and (B) of %hs above figures,
ot -

in this case F must be teken negative to give an attractive A=N |

-potential. The central part of the corresponding threé-body potential

§ is then'repulgiQe when Tyq and Tho ax§ I@rgs relative to rlé

is smll_ﬁ this three%body potential is.

vut,
wﬁeneil‘ther Teq .or ’rAa
sttractive over a comidemble domain. .'Spjitz,er begimsr from & pseudovector
focs D+ i_n‘bera,ctilon and finds thrée=bbdy forces with an _att;éctive.
central part, whereas Bach's calculation .on. s similar basis found &
weakl;, attractive cemtral term. In each calculation, the three-body
potential obf&iné& h&d a complicated noncentral form. The lmplications
of *é_:he existénce.of }su‘ch thréembody pﬁten‘ti&ls. are discuszed below.
Dalitz and Downs - have glven a phenomenclogical analysis of
hypex;nﬁéiezir' Ein_ding energies based on two-body forces alone. The
A-nucleon potentials were assuma& 0 be central .an& of G&ussian shapé H
‘ the&e simpl@ potentials are to be unﬁerstood asg po*fcem:ials equivalent
to the actual A-nucleon potentials ag far as their lowv-energy scaﬁterj_ng
pmpe@iea are concernede For the Aﬁes zgystem, the result obtained
Por the total A-nucleon potential {see Table IT) seéms fairiy relisble
owing to the rigidity of the alphs particle m our detsiled lmcwle(lge |

from ei.ect:mnw'sé:at%ering experiments of the nuclear parameters for Hel‘{.
b s ‘

For the AH 5 Aﬁe doublet, the value given is somewhat less certain T
since there is no direct measure available for the mucleer parameters $

of HB or He':3 -=the value given for U, in the teble was obtained by assuning

3
values which seem reasonable for the 1:13; HGB' redii. At this point it '
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TARIE IX

: ’ - Z
Volume imtegrals U~ of Ae-muclear potentials {unit Mev(?O 13 cm)i)
deduced from the A binding energies, for the range paramnters %/mK

I/Em for the A-nucleon two-body pctential.

Hypernucleus - B, Un(%/mK) ~ Uﬁ(%/ém“) . U,
(Mev) “

H3 s 0.55 g0 - k20 785 — 670 2 U+ P U

A . 2 s 2 1

L b o 3 3 .
AE Age 1.85 600 - 700 820 - 920 £0. +5 UL
JHe” 2.5 695 910 U+ 33U

» ) 8

L17 h.g 1650 £ 150 1915 %+ 150 .

| AL‘LB 5.5 1660 * 165 19% + 180

-

A-nucleon potentials U, U, {neglecting three-body potentisls)

U . 228 (s = 0.7i} 390 (s = 0.71)

U 156 174
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is cf interest to remark that it seems definite that the AHA, Aﬂeh

doublet observed has zero spinEu ~-this conclusion follows from the high
proportion (ebout 45%) observed for the two-body decay modes among Hu'
decay events. This means that the singlet A-nuclzon potential must be
more attractive than the triplet potentisl; this comclusion is not affected
by the possible presence of three-body forces, since to & good approi:i.mtion
these do not depend on the‘ A spin.
The hypertriton AHB is of special interest. It has very low
B,; not more than & few tenths Mev, so that it hes a very 6pen strugture.

A

In this sitvation the three-body forces can have relatively little effect,
é@ that this case should asllov & clear estimate of the strength of the
tvo-body force. However, with such light binding, a rather flexible
trial wé.ve functign is needed apd the lower values for U2 shown in

| Table IT are those obtained recently by Dalitz end Downs for B, = 0.25
Mev, % the large values being those obtained earlier with a simpler form
for the trisl f’unm:‘&;im:n.,:5 3 Thege va,lﬁe& are substantially below those
given elsevwhere in the literature; which were generally obtained by

using the simplest possible weve functions. Note that the vell-depth
parameter s for the mean A-nucleon poteantiasl in the hypertritsn is no
mpore than 2/ 35; of course the mean potential here is a combinastion of the
singlet and triplet potentials, (ws + Ut)/ho But since 'é.he alpha particle

gives gquite a strong attractive potentiasl, and this potentiel is given

by (3Ut + US), the triplet poteatial cannot be repulsive: from this it
follows that the well-depth parameter for the singlet state cannot exceed
about 0.9. With the values of (3!)’,& + UB) and (3’38 + U‘t) given in
Yrble ITI, the well-depth parameter obtained for the singlet state is
actoally 0.71, -whether the poteniisl is due to pion proceases, or to K

wpage, o0 'c o Sana T ) 1h LT st L oo sap Yo
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Bo bozmd state for the A-p or’ A-n sysbems, in accord rz,’i.'th the lack
of any such evidence: The mein assumption here has been t};e neglect
of three~body forceé; however, it will be shown that the ‘conclusions
‘cla.nnet bz seriously affected by thé presence  of ﬁhreembod;y for;:es for
the A particle. | o |

Weitener bas péintea out that thesé valuée integrals U,, U, and

‘_ ) 3
b)& could be fairly well represented by the assumption of & repulsive
three=body force, ﬁdgether ‘with & A-pucleon two-body potential baving
only little spin dca]geent.‘).enc:e.,25 Incluvding & three-body- force, .the
expressions given above (Table II} for the volume integrals of the

A-nuclesr potentisls should be replaced by

3Ué -+ Us + bW = bﬁi $ ) (6.120)
3 3 = ;

sU + 34U + 3W = %, (6.126)
U, + 34 + W = G, (6.12¢)

where W denctes the volume integral of the three-body potential over

A positions for two pucleons fa a dlstribution with the smﬁ&ard mucleon

. demsity. In Eqe.(6.12b) (62c), the coefficients of the ¥ term should

be modified & 1little by amounts depending om the average mcleon densit
"y o

in He’ and Hz, respectively, relative to thet for Heh’; however, these

modifications are mot Lmportant within the preazent'imcertaintiesn It s

then clear that the three Eqs.(6. 12} involve only the quantities U, end
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'(Uﬁ + &) ';&z;mi that they are consistéx%‘t‘ only for _‘UB = E(Ul; + 2U2)/8, &
condition sa“tisfied by ﬁhe values given in the ‘E;able;, within their
uncertainties. In all cases the s:ﬁ;ngle’h p@tenﬁial 'US is gij_/en '. bjé ‘
‘(U:115 - %VUQ. However, ﬁ}hebbevzat estimate of U, comes from U, and
' Ul;‘_ snd is i&mt given in the table, gorreapon\ding %o a well-depth
parametver s =~ 0.7 for either .’ﬁ/ch or "ft’i/émﬁé -renge. The triplet
;g:eotentiali U, itself »camot be determined from Eqs. (12); ‘as pointeé
out by &?eitzner, 1t is possible to assume a repulsive three-body
potential with W sbout 72 Mev £ and to obtetn U, mU_. T4
a.ppéars that the only clear way to cie(:ide what are the relative
strengths of the two- and three-body potentisls is to obtain informstion
&i:éeetly on Amﬁrc:i;On sc;a%tering for particles of.energ;.‘r much less than
150 Mev. Probebly bubble chember evmfeﬁcg on A particles will give
some inf@r;mtioﬂran tbe glze of these ci@ss secticﬁé before t@e long.

The strength of the A-nucleon potentiel ébﬁéaine&; for the sqingj?.et
state mey be compared with the Amnmcledn potential computed from meson
. theory b;,r Lich"h;e‘nm:rg and Resés,, assuming symaetry for the pion=-hyperon
céupling°25 The calculated éoteni:i&ls agree with the potentials found
cmpirically in that they predlct the stronger attraction %0 be in the
singlet state; the empirical strength for the singlgt potential ‘corresponds
to é f=-hyperon couplin:g:'c@ﬁ.stemﬁ‘a 1ittle iarger than the pion-coupling
constant. ‘Unfortuna,te}y it iz not posesible to mske such a direct
comparison with the extenaive eslculations of E"err&ri and Fonda, 2k o
whicﬁ I now wish o v.vzl'ei,’erc Thege lest authors have celculated A-nuclecn
forces in the st&ﬁic spproximation up to fourth order iﬁ the coupling
parameters fdr all combinations of relstive parities of K mesops and

hypercne, including the exchange of both K mesons aod pions. Of course,

B
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these potentials sre very singular and must be cut off;, the core radii

being chosen equal to those for the Brueckner-Watson nuecleon-nucleon

potential. If one wislgies to use, these potentials directly in a

calcﬁla‘i;ion of the A-nuclear bindirg energies, it is clear that the
trial functiors rust bhe quite eompliéated. The trisl functions

they used for the A-particle motion were of the form

A : .
x,%(v) = F{r) 71;? (/‘- e;&é(mﬂfr.‘,‘ﬁ:/))y or all [r-nf >,

- O A ' . for dny [r-v.f < % ;

~

. where the product is taken over all A-1 nueclecns of the core nucleus

" apd B is & varistionsl paremeter, the distribution of mucleons im the

core mucieus being taken from experiment as far as possible. ' Ferrari.
and Fonde find that if they neglect Kemeson exchange they caen obvtain s

reasonable value for the binding energies only with the ssme parity

"for £ and A particles and o coupling perameter nge/lm: ~ 16,

perhaps & little larger than the v;alue known for 'thg pilon-nucleon
coupling. However, if the K-meson éxché.nge is é,lso included, a
pseuda&calar K vme:rsmi gives fiee to an additional a.ﬁtra,cﬁ:i.on 'anﬂ a
ccmﬁlimg é&r&meter EAK%/ e = gzKQ/ lige ‘?:i 2 hrovides sufficient
ettraction to allow a £it with gz}f/hﬁ = 13. However, since tbe
higher-order p;i;on potentials ere not included, nor eny estimate of

three-body potentials, it is difficult to take this lest refinement very

seriously, although Ferrari and Fonda remark that scelar K mesons would

contribute repulsion, leavigg more attraction to be made up by the

higher-order terms. With the inclusion of K exchange, Ferrari and Fonis
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find that they can also obtain & gualitatively é&tisf&ctoz‘y‘ ploﬁenti\al
by assuming negative parity for XA , and efither scalar or ':pseu&oscalém
KA parity by suﬁ.‘i;ably choosing the signs apd m@aﬁ.t;xde—s of the various
: coupling parameters; for these céses s hovever, about hslf the potenﬁal
mist be provided by K exchange, the it obtained appears somewhat
srtificial, and Ferrari and Fonds have not invésﬁgaﬁed the binding-
energy situation in detall for these _caaaeé; Soms direct eﬁdence thet
the two-body potentisl has & range of order H Qzuﬁc is provided by a
comparisog of the potentials U, and s derived from data on the
WmuWmenﬁﬂa@ﬁﬁ;mmmw@mummmnmr
i"he light hypernuclei. When pérametefs recently obtained isy the»S"_tam’ord
group for the shepe and mdius of 'Lis are used, the values obteined for

U6 anpd U, gréatly exceed those expected for s A-nucison potential of

T _
renge perameter "Efi/che Agreemén‘?z between Ug; U,?, and the U, of Table T
requires & range par&méi;er_ perhaps 10% larger than “B/enxﬁc for the
A-nucleon potential, which gives qualit&*tivé support for ‘the conciusimi
that the Annucleon potential arises mainly from the pi;m processes.,

| On the basis of the phenomenolsgicall epalysis 1t 1s of interest -
to note that 1t appea:a quite pfobable that the Aﬁh system should
have sn excited bound state of spin 1. 'The value of its binding energy.
will depend on the degreev of s@in dependence for the Aamicleon potentisl.
if _there is & repulsive three-body potentisl, this will reduce the. degree
of spin dependence necessary to account for the BA date, and therefore
make it more ceriain that this state should be bound. This msy be
somevwhat unfortunate for the {"a}i’e% cepture. expermené 5 35 which hes
looked so promisiag for the determination of' the K_mﬂ relative p&rift} -

. ) 8
Fopr o scelzy K meson, the direct formation of ground stete 1\1-1 ie

LLrLe SAS L e s e Ppordem s Teme s o ol tve e e 0F
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% : R
ABA with spin 1. If the exclted state Aﬂk? is formed in this capiure

reaction} it will then decay by @(~emiesion to ground state Aﬂh, 80

b ‘ |
AH decay events will be observed, even though the direct
formation of AH& is actually forbildden. This siﬁuation may prove quite

‘ difficult to sort out.

that normal

Finally,vtheyé are some calculations to report om a correlati@nfeffe@%

which was reported last year im the three-body decay mbde for hybernuclei,

(X +A) > X + p + n .

(6.13)

The configuration of this decay mode may be'characterized conveniently

by giving the recoil momentum "PA" of the residval nucleus X Iand_the

angle €, as defined in the figure. The disﬁribuﬁi@néﬁin "PA" and

cos e‘obtained

for various hypernuclei in the recent EFINS - NU coll&bor&tion§7 are

shown in Fig.‘Bl The anisotropy inm the cos € .distributicon, especially |

5

for  He” decay, is very striking, since en iéatropic distribution would

A
follow from en s-wave motion for the initisl A particle if the nuclear

interactions between the Final proton apd the nucleus A  could be

neglected. For AHe5ﬁ the effect of this final-state interaction is

1



TLGURE 3:  COMBINED DATA ON. CCS 3 and "QA" DISTRIZUTIONS IN HYPEFNUCIEAR DECAY

FROM EFINS SURVEY (MAY 1958) and EFINS-NU COLLABORATION {JUNE 1958)-- IEVI-SETTI ET AL. (1958).
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especlally strong, dwiﬁg to the low energy resonance in’ paﬁea gcattering

--ag pointed out by Cottingham and Byer558 vho have recently éomplete&

8 calculation of the distributions to be ex?ected for AHe3 decay as &
result of this resanént interaction. As shown in Fig. &, ﬁbeir
calculation agrees remerkably well wiﬁh>the cbserved cos © diétribution»'

for He5 decay evente. The compsrison of the ?P&" distribution

A
with experiment for Aﬂes suffers from & biag in the identified AHeS
events because it becomes véry difficult to distinguish between Aﬁen and

Aﬂeﬁ deé&y events when the residual He nucleus has 2 momentum of 100

Meﬁfb or less. However, this blas against low'"PA"'values disgppears

_ when the dsta on all jJe deceys of the type of Eq. (6.13) are teken

together. The '"PA" distribution for about 150_AHe decay events is
, . ,
given in Fig. 5 and shows some evidence for the double-peaked structure
_ 5 o ‘ B
{curve A) predicted for AHe) decay by Cottingham and Byers. On this
Fig. 5, curve B shows the -"p," distribution expected when the fimal
nuclear interaction is neglected and only the phase space and the

momentum @istribution in the initial state are taken into sccount.
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The distribution shown in Fig. 3 is & plot of the events against

"Q,", the kinetic epergy of the = + D sysﬁ‘;eni resulting from the
decay process (6.13), measured in the (x + p) rést frame. However, |
from t}qe equations of conservaﬁou of energy and momentum, “QA" is

directly related to "PA" by the expression

fo

0 & L mié 3;‘2 2 o ‘372 I —— |
Q= [ (B B e ) =R = =y

levi =Setti, Am:c', Slater, Limentani, Roberts, Schlein and Steinberg,

Mesic Decays of Hypernuclei from K Capture, (1958).

N. Eyefs apd N. Cottinghem, Bimihgham University, private comuniea‘tioﬁ

(1958) . .
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