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- ABSTRACT

The contribution to K-meson-—nucleon dispersion relations from the
unphysical region due’' to absorption is examined in perturbation theory; it is
found that the contribution need not be negligible for scalar K-mesons or the
case where /\ has oﬁposite relative parity from ( K,EE). The influence this
has on a dispersion theoretic analyéis of K—mesbn écattering is noted, In the
Appendix the mass relationships for a rigorous derivation of the dispersion

relations .are discussed.
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Recent theoretical studies,,l‘s’zs3 have emphasized the importance of
dispersion theoretic methods for a phenomenological analysis of K-meson--nucleon
scattering data, The presence ofvanvqnphysical continuum due to K~ absorption,
howevergnié a problem even for forward scattering; past investigations assumed
a smooth extrapolation df the scattering amplitude into this unphysical region
and found the numerical contribution to the dispersion integral to be negligible.
We addfess ourselves to this question by examining the contribution in pertur-
batibn theofy for the different possible parity schemes, The indications are then
that for scalar K mesons (and for the case where _/\ has opposite relative parity
from ( k,=) ), perturbation estimates give a large contribution, and therefore
the correlation found between the sign of (K™-p) potehtigl and the relative
parity of the K meson ,{%ssuming (A,2) parity to be eve%] need not be un-
ambiguously valid. In the Appendix we note the influence of the unphysical
continuum in making difficult a rigorous proof of K-meson dispersion relations
on the basis of local causality and the mass spectrum of the fields,

We éiamine.first the “weakly" convergent K;fp dispersion relations for

“the difference of K' and K scattering evaluated at threshold in the form

" Supported in part by a grant from the National Science Foundation, and the

Atomic Energy Commission.
-fAddress after October 12th, 1958, c/o Imperial College, London, England.
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signs correspond to pseudo-scalar and scalar K mesons respectively. Here

gA K2 9 g§K2 are the usual renormalized coupling constants for A, =

+
respectively, and in Eq, (1) we have separated the total cross sections o

+ .
into O {4*) (total elastic cross section including charge exchange) and

oy abs (w?) (absorption cross section for X on proton). The second integral
on the right side of Eq. (1) then includes both the contributions from the
physicai as well as the unphysical region,

A recent argument of Pomeranchuk® supports the assumption that the .
integrals in Eq. (1) converge. Since the present experimental_information5’6’7’8
indicates that the CTi(w) are slowly varying functions of energy, we have

evaluated the integrals by using the constant value

0~ - 6 =48mb (2)
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below a cut off of w= BAK, an
- -0t=z0 - - ‘ (2')
above this cut off. The experiments also supply information on ¢ . to

abs
give > pérticles;7 if we assume the production cross seétidn for :Eo to
be the mean’of the chérged production cross sections, the analysed data gives
kcrabs(ﬁjf) fi(7€;) at the scéttering threshold for total S production.
Howe&ér; no informéfion is prb&ided on the relative abundance of EEO and
Ao productlon° in the following analys1s we shall take l«o production to be
roughly half of 2{ productlon. o

The determination of Re M?(FK) is reédily obtained as follows:

M+t Ak
M

| . |
Re M+(/«§{) = = - (0.37) (—ﬂ-;) , (3)

.l

where a7 1s the S-wave scattering length in the T=1 state as determined

by Lanutti et al,,5 and we accept the repulsive character of the Kf—p inter-

action,

Similéfly we have for Re M'(Pk)

| . 01+ )" L »(krrT")?.' : . 2 |
Re M,(/(K) - M2 AT | O\el - -—(—;;T-)-Z— ~ (‘E‘T) (Oe57) ’ (4)

where O;la is the elastic cross section.

Past studies on the quéstion of ésﬁimating the contributions from the

unphysical region to dispersion'integrals have adopted the viewpoint that

ko is fairly constant, both above and below physical threshold, and have

abs
taken this value as representative of the behavior of the integrand in these

integrals both for the physical and the unphysical fegion,],"’2 We choose to

analyse the contributions below zero kinetic energy (unphysical region) of the
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incident K particle in lowest-order perturbation theory. Elsewhere, extensive
perturbation calculations were carried out for the absorption cross sections of
K~ on protons for direct coupling theories and the various possible parity
schemes--(K_Z /) (pseudoscalar K meson), (K_E:_m), (k= N,) (scalar K meson) ,
and (K;E_/h)——where relative parities in the sense introdueed by Gell—-M'annlo
are denoted by subscripts. The lacRICf knowledge of the size of most of the direct
coupling parameters for the T-baryon or K—baryon vertices invoi%ed in pertur-
bation theory mekes it difficult to estimete precisely the_quantitative contri-
ébutions from the ﬁnphyeical'region° However, simplifying aesumptions‘regarding
these ceqpling constante should provide us with a qualitative ﬁnderstanding of
the configuration in the unphysical continuum for the‘varieus possible parity
schemes. The curve shape in the honphysical regions for pseudoscalar and scalar
K mesons are exhibited in Figs. 1 and 2 respectively (for comparison, experimental
curves above threshold are drawn to the same scale)° The slopes at the unphysical
threshold are +e¢ and -oo . For (KZ_A) or (KZ_A), Im M (wA) assumes the
form shown in Fig, 1 and Fig. 2, respectively, and vice verse for_Im Mf(WZ)o

‘On examining the shape form for kdrabs (T=) above the physical threshold
and comparing this with our perturbation analysis below threshold, e see that
fer pseudoscalar K mesone a smooth extrapolatibn from the physical to the un-
physical region appears possible, while for scalar K mesons the amplitude exhibits
a cusplike.behavior ap the junction between the physical and unphysical continuum.
We shall adopt the viewpeint_that the smooth extension does represent a consistent
way of extrapolating into the unphysical region for pseudoscalar K meson. This
curve is approximated by the function

Alw- )%
= | (5)

. kd"gbs(ﬁz) =. (a- B

!
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where A = 3{ 3’ (ﬂk) and B = r (Fk) are adjusted to fit the experimental data.
Similarly, for scalar K mesons, we approximate the cusplike behaviour

at the scattering threshold and the contribution from the unphysical continuum

by
- _60V3 * 1 ' | ~
ko abs (m=) = 772 (W - w?ﬂ) (w- EE /lK) for wETT < wl </LK

(6)

1
Alw -, 2
( wy Tr)

(« - B)

for M < <3/1K

Then the absorption integral in Eq. (1) (wi£h the cut off at 3/“'1() is
nearly six times larger for scalar K mesons than for pseudoscalar K mesons.
Hence, in our perturbation framework at least, the contribution from the un-
physical region is not necessarily negligible for scalar K particles., It is of
interest to remark here that had we assumed kcrabs t9 be relatively constant
in the range-(a%", 3/%) and of the order of the threshold value, the corresponding
contribution to the dispersion integral would not be significantly different from
that for the pseudoscalar case, .

With these approximations, Eq. (1), with the cut off at 2ﬂk » becomes

(711_)(0 57) + (0, 37)(7;—) - "74‘ [écaez + 3.6 +O.6]

(7)
T, 2 29 .1
[(o.ozs)gAK + (O°O_25)%KJ (/‘17)
for pseudoscalar K mesons, and
e (—-)(Q 57) + (o 37)(7;) - O/Hr %9:2 +21 '+' 3.5:) |
(8

| 2 2
- {- (0.51)g, " - (O.6l)gZK] (-/—(11-;)
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for scalar K mesons, For (K_Y_A+) we have

T n

£ (-1)(0.57) + (0.37) (L) - - [29.2 21 0.6]
£ () (0.5 + (0,37 () 40/‘~.r[9 ra+0.6] .

= [(0,03)%{2 - (Ooél)gZsz (7%}) s

and similarly for (K;ZL.AQ,

1+

- a1 - A [29.2 43,6 430
(7 (0.57) +,(037)(/41T)_ Ty 9.2 + 3.6 + 3.5

v (10)

(-/%;) [— (o‘,5i)gAK2 + (o,ozs)gsz:l .

The pl@s or minﬁs sign corresponds to an attractive or a répulsive (K"=p)
potential respectively. Here we note that the assumption of én attractivé

(K"=p) potential is consistent with both Eqs, (7) and (8), end thﬁS"no unambiguous
statement can be drawn regarding the parity of the K meson; in this we differ from
previous analyses of the subject,l’2 which correlate an attractive potenfiél with
pseudoscalar K particles. :It is to be notéd that our special method of handling
the contribution from the nonphysical region-rbywmegns offpgr?ur?ation theory--
proved decisive in creating this ambiguity abéent from previoué investigations.

On the other hand a repulsive (K'—p) potential would definitely fuie out the case
for a pseudoscalar K méson° Wé remafk here that by assuming én éxorbitantly high
cutoffrof, fofvexample,' a)“?;'QﬂK in our dispersion integrals, the left side

of Eqs. (7) and (8) cé%uﬁéfméde unambiguously negative independently of the sign
of (K"—p) potential, and thus the case for a scalar K meson ié*required in our
dispersion framework,"Aliernatively, the assumption of a low cutoff (w' < 1.5/%)
will resféfé the pre#iously found correlation betﬁéén K pafity éhd the sign of

the (K"—p) potential for the cases where /\ and > have the same relative parity.
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If we set &y = &y s> Egs. (7) to (10) (when valid) supply us with
estimates of g2 from 0.3 to 3 for either sign of the K —p potential, while
for an attractive potential, Eq. (10) yields the interesting inequality
2, 2 _ ' '
e /e > (20.4). We note here that for even (A ,S) parity, g = -
sk 81k ) ; As | P y"'AK, gZK
is still compatible with the global symmetry model, which among other things

11
requires o Wé might argue here that estimates from dispersion

Eriz ~ Emx _
theory definitely exclude thevpossibility of gth_ and %ZKZ being of the
same order of magnitude as ngz + This conclusion is consistent.with gAK2 ’
determined from associated photoproduction experim.entsol

The use of dispersion relations(in Eq. (1) may reflect too much optimism
on their validity in terms of convergence. As a useful chéck, we>consider also
a subtracted equation with higher energy denominators (c.f. reférence 3) andyfalid
for M;(w) ~ 0(W) ; w— +°° ; here we need data above the threshold (&>>Aﬂi)
for Re M+KM) or Re M (W), If we assume that the Kf-p interaction at, for example,
100 Mev remains prinéipally S wave and repulsive, then an analogous analysis
may be carried out emﬁloying this dispersion equationo» We found, for the case
of pseudoscalar K particles at least, conclusions not significantly different
from those for Eq. (l)oi However the coupling parameters from dispersion rela-
tions when substituted into the corresponding perturbation expression for
kq?abs at threshpld_(assuming‘gloPal,symmetry) are not consistent with exper-
imental date.’ : - o -

Again Couibmb effecté assume some prominence for smail-angle scattering,
and our estimates for the real parts of scattering amplitudes may be sensitive
tc this correction,‘_wagver,an analysis similar to that for pion-nucleon
scattering¥2 indicates that, on the basis of the pregent crude data for K nucleon
scatteging, Coulomb corrections can account only for substantially less than

.7

5% contribution to heavy-meson dispersion relations.
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in conclusion we shbﬁid like to emphasize the cenfral role played by
the sign of (K"—p) potential in the whole disperSion.program; Ceecerelli
advanced strong aréuments for the hypothesis of an attractive'(Kf_nucleuS)
potentlal 13 If we believe the present evidence in favor of small charge—
exchange K™ scatterlng, then charge 1ndependence consideratlons would imply ,
an attractlve (K™ -p)'potentlal as well. This in turn would tend tO-support
the pseudoscalarity of K.mesen, if ‘we allew'only SMOoth extrapelatiers into
the unphysical region. | -_ _ o | o

The author would like to thank Prefessor'Rbbert Karplus forisﬁggeeﬁing
this etudy, Professer Richard H, Dalitz for‘iﬁformatiVe'cdmmunieaﬁioﬁs;~ehd"
Dro Jun J, Sakurai fer constructive criticisms._ Several clarlfylng discuss1ons
w1th Professor Jay Orear and Dr, ‘Donald Miller on’ the present status of -
Kf-hydrogen experiments have been most helpful

APPENDIX

ﬁereﬂwe point ouf'the limitations piaced op‘fhe-validity of ﬁeevy meson-—
nucleon dispersien relagions (even for fqrward.scaitering) created by the presence
of the'unphysieeltregion due ﬁo abserption. If we follow the integral repre-

15

sentation approeeh recently described by DysonlZP and Lehmann,”~ the scattering

matrix in terms of Helsenberg operators is”

i(am S(p+k-p -k')M (k+k' ',.p)

s*(p,"k'; p,k) = k' ‘ k ><p"\ p) +
| | (16 ¥ pok, PO‘)
(A.1)

t, - o .o . . : : .
where M (k + k', p', p) is the scattering amplitude, and p and p', k and
k! are the initial and final momentum of the nucleon and K meson respectively.
'The methods of Lehmann can be readily adapted to give the following

representetien for M}
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d udKf(u, s DPs. k) |
r (21ﬁ f > . - (A2)
2 - u K

‘p.+'k- .y
2

. 2 ) ) N : -
Here _ﬁi(u,K ) is an invariant function of u, p, k if the vectors

+ k ‘
P = u both lie in the forward light cone and we have

and

2 o (4 2p) - JBLE R 0epy - [REE ‘02}’

where /QK-f g/%TQ M +7M1T are the masses of the lowest intermediaté states that

contribute to Mrt o Outside of this region 15* venishes. 5
2 2 _"(k - k')
) - 4

an elementary analys1s indicates that the analyt101ty of M is assured only if

If we introduce center-of-momentum variables W~ = (p + k

we have

22 ¢ min ['_w -(M+/4K)j[w - (- ﬂK)] [("x" 2p ) ﬂK][(M+ﬂﬂ) o]
W2 AW? o _‘ 32 - (ﬂk - M-F/QQ
(4.3)

where the final minimization is to be carried out over W2 which belongs to the
continuous mass spectrum. For the K-nﬁcleén interaction the minimum is at
w%fg (MA+-/%92 (unphysical threshold for the process). Taking approximate
experimental mass values MA = S.ygw, M= 608/%,‘ﬂK = B.Qﬂw, we note that (A.3)
then gives 42‘<A- (2°l»uﬂg , i.e. ,2?' is imaginary.. In fact we observe that
even for A? = 0 (forward scattering), the required analyticity property is

2
sbtained only if the largest positive root (Wi ) of
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+0) {(mz C a0 e g By - aep B ) (o +/47T)J’2. (.4)

- (R ../<K2)2 o - p -,uv)‘?:d

is such that Wl, & (M A + /Mﬁ)° If we relax M A from its physical mass value

[M ,\9“ (1.19)Mj , the forward-dispersion relation is velid if _
My 2 (L8 ) . (4.5)

This is slightly larger than the experimental mass. |

It must- be added, however, that although the us'e.,‘of only.causality and
spectral conditions caﬁnot supply an adequéte proo-f for heavy-;méson dispersion
relations, we have not exhausted the physic.é of the_,situafiori. In particular
there are ce‘rtain s‘ymmetfy pi'op’efties of the four—b’ody Gréen '_é. function that we
have ﬁot éxpléred. We _vcannot exclude the possvibil‘ity thét these perﬁzit a further

improvement of our results.
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FIGURE LEGENDS

Configuration in the unphysical region for a pseudoscalar K meson (dotted

line), where k& . above threshold in units of (144") is drawn for

... abs
comparison (thick line).

Cbnfiguration in the unphysical region for a scalar K meson.
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