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Abstract ! 

1. 

Possibilities are examined of obtaining information on Kaon-
nuclcar coupling constants without referring to any specific models. 
The basis for such a type of analyses is the use of analytic 
properties of the scattering amplitudes. Particularly useful is 
the forward dispersion relation for the antisymmetric amplitude. 

+ 12 
The analysis of the K- C scattering leads to the conclusion that 
the corresponding effective coupling constant is significantly , 
larger than the coherent sum of the elementary coupling constants. 
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1. Introduction 

The use of analytic properties of scattering amplitudes 
is of increasing importance in nuclear physj.es. Several predictions 
of the real parts of the forward scattering amplitudes have been 
made and many determinations of coupling constants in few nucléon 
and in pion-nucleus systems have been carried out. This is well 
documented in reviews [1-4]. 

The present article is concerned with the determination 
of kaon-nucloar coupling constants by means of analyzing the kaon-
nuclear scattering amplitudes exploiting only the basic analytic 
properties. First we examine the possibilities of angular extrapo
lations and then, concentrate on the use of forward dispersion rela
tions, considering in length, as an example, the elastic kaon-carbon 
scattering. We do not discuss the applications of dispersion rela
tions at high energies to the study of the asymptotic behaviour 
of the elastic scattering amplitude which is a topic in its own 
right (see e.g. [5,6]). 

2. Angular cross section extrapolations 

One of the simplest methods of determination of coupling 
constants is based on extrapolation of a differential cross section 
to a pole in the cosO-variable at fixed energy. The difficulties 
which one encounters on this way (strong interfering background 
contributions, presence of anomalous cuts) and some of the remedies 
(conformai mappings) are well known \ 4]. 
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Ke now show that one can hardly expect to benefit from 
this method in the case of the kaon-nuclear scattering. Due to 
the very unfavourable mass ratios I 7,6] the corresponding poles 
in the cosO-variable are very far from the physical region. 

Let us consider, as an example, the elastic kaon-carbon 
scattering 

12 + 1 2 
" C - K + C (1) 

12 
This reaction has the A B -pole in the u-channel. So, in principle, 

differential cross section to the pole. However, a glance on 
12 Table 1 shows that the A B -pole is far away from the physical 

region for reasonable kaon energies. The situation is not much 
better (see Table 2) for the reaction 

(2) 

which,in principle, would be suitable for determination of the 
coupling 1 2 N ^ C K due to the 1 : 

targets, like in the reaction, 

(3) 

the pole (.H) in the u-channel is closer (see Table 3). The situation 
is very favourable in reactions of the type 

4 4 4 4 *He + *H + *He + J|H (4) 



4. 

where the kaon pole in the u-channcl is very close to the physical 
region (e.g. for T. = 500 MeV, cos6„ = -1.11). However, such 

*He K 

reactions are only of an academic interest because neither beams 
nor targets of hypernucloi are available. 

From Tables ]-3 one can see that the cuts start practically 
at the same place where the poles are situated. Moreover, one 
should consider as poles also the excited states of the interme
diate nuclei. Therefore, in any attempts to determine kaon-nuclear 
coupling constants from reactions of the type (l)-(3) one should 
introduce an "effective" pole and place it at the beginning of the 
branch cut, for example. 

3. Forward dispersion relations 

It is known [1] that the most suitable dispersion relation 
for determination of meuon-nuclear coupling constants is the one 
for the antisymmetric amplitude, because in the corresponding 
symmetric combination the pole term is strongly suppressed. In 
the case of the kaon-nuclei scattering the use of the antisymmetric 
amplitude is even more justified because both the real and the 
imaginary parts are directly measured in regeneration experiments. 

+12 As a practical example we consider the K- C elastic 
scattering. We write down the dispersion relation in the form : 

R e f- ( - I „ _2HJC + 22. p f .P» ft"') da,. . (5, 
P wo 

- +12 
Here f (u) is the antisymmetric K- C scattering amplitude in the 
lab system 



f~((ll) = f _., ((!>> - f ., (M) 
K " c K " c 

(6) 

u is the kaon lab energy, Y is the residue of the effective pole. 
We place it at the position which corresponds to the pole due to 

12 the ground state of the . B -hypernucleus 

™ 2 ™ 2 - nu. - m,, 
B K 1 2 C 

* 0.172 GeV (7) 
2m 12^ 

The integration starts from the beginning of the unphysical region 
due to the B A-cut 

< mll_ + V " raK " m12„ 
» D= = - ** 0.184 GeV 

2m,, 
(8) 

The amplitude f («i) can be either calculated on the basis of experi-
+12 mental data on X- C elastic scattering or, via isotopic invariance, 

connected directly to the measured regeneration amplitude : 

Re f 

Im f 

— 

f-f I 

, p. cos £ 

.p. sin <p 

(9) 

(10) 

Here f(f~) is the K°(K°) scattering amplitude in cm. system, k is 
cm. momentum, p is lab momentum and t is the phase of the anti
symmetric amplitude which is related to the phase of the regeneration 
amplitude in the following way : 
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<p = H + arg (f-"f) . O U 

We have used the following input in eq. (5Î. The Integral 

in the energy range from Mo to m„ was disregarded (we elaborate 

on this point below). At the physical threshold we put Irof~(in ) = 

1.18 fm in accordance with the value of the K~~carbon scattering 

length r 91 . Xn the energy range between the threshold and 0.83 GeV 

we assumed that Im f is linearly rising with energy. Experimental 

+ 1-5 

data on K- C total cross section are available in the energy range 

between 0.83 GeV and 3.3 GeV I 10,11]. Above 3.3 GeV Im f~ was eva

luated via eq. (10) on the basis of regeneration data parametrized 

in the form [12! : 

I «IE •• fi (2m.. ) a ' X u" , (12) 
P C 

arg(f-ï"> = - - ir(a+l) , (13) 
2 

where a=0.377±0.003, 6 =(103.5±2.2)mb GeV 2. 

Values of Ref are obtained by combining the measured 

values of Ref ,, at J.75, 2.07 and 2.31 GeV [ 13] and via eq.(9) 
K- C 

on the basis of regeneration data parametrized in the form given 

above. Our input is shown in figs. 1-3. 

We have calculated the discrepancy function 

00 

A(U) = R e f - ( K ) - l ï p / IffiOsiil d u . ( 1 4 ) 
it •; u'2- m 2 

m K 

at those values of w where experimental data on Ref" exist and 

have made a x 2 fit with the pole term 



A(u) = -I*-*- . (15) 
P 

The residue of the effective pole vas determined as 

Y = 12.2 ±3.0 . (16) 

The fit is shown in figs. 2 and 3. 
Ne have performed similar fitting procedures with various 

values of u . It was found that the value of Y is very stable. For 
example, placing the effective pole as close as w =0.482 GeV to the 

P 
physical region (simulating the A(1405)-resonance) we found 
Y=ll.5 ±3.0. Similar, negligible changes in Y occured when we 
extended i-he integration in eq. (14) down to the UQ using the constant 
scattering length parametrization for Imf" in the unphysical region 
as described in \14]. These findings are in agreement with the 
known fact that in meson-nuclei dispersion relations the unphysical 
cut is of minor importance. 

Finally, we want to comment on similar calculations perfor
med in ret. [14]. In our notations (our amplitude is two times 
larger) the authors of this paper have found 

Y = 23.2 ± 5.8 . (17) 

The notable difference between this value and our value, as given 
by eq. (16), is explained by the unrealistic model for the high 
energy behaviour of K- C total cross sections used in [14l. It 
was assumed that above 3.3 GeV a, and a_ decrease tending to the 
same constant at infinity. This contradicts not only our expectations 



about rising meson-nuclei total cross sections, like meson-nuclcon 
total cross sections, but is also in violent disagreement with 
regeneration data on Xrcf , see fig. 1. The resulting predictions 
for arg(f-f") are also way off from regeneration measurements, 
see fig. 3. 

4. Discussion 

It is known [ 4] that the effective pion-mjclei residues 
are systematically smaller than the coherent sum of the elementary 
itNN residues. This reflects the occurrence of exchange or shadowing 
effects in nuclei [ 15]. What is the situation in our case ? 

We define the coherent sum of the elementary KNA and KNS 
residues ' 

2 2 2 2 

2 
Inserting the values of elementary coupling constants g.=13.7±1.9, 
g?=3.7±1.3 [161 we obtain 

(19) 

Consequently, the effective residue determined from the forward 
dispersion relation is significantly larger (by about 50% ') than 

'12 2 2 2 
C consists of 6 protons and 6 neutrons, 9?=9v',

ri;:o = l/2g K- nj- • 
" Some of the most recent redeterminations of elementary residues 
[ 17] would support even smaller values for y . and, thus, larger 
discrepancy. 
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the coherent sura of elementary residues '. The notable difference 
between them, and the small experimental value of Imf ., (m„)--

K" 1 ZC K 

1.18 fm when compared with the coherent sum 6<| Imf (m„)+Imf (m„))-
K~p K X~n R 

12.54 fm 116), shows that the K~-nucloon and «"-nucleus interac
tions near the threshold are dominated by different physical 
mechanisms. In particular, the role of the A(1405)-resonance could 
be quite different in the two cases (see review [ IB) and references 
therein). 

In the future, with more understanding and refinement 
of the treatment of the unphysical region and with the isolation 
of the . B -ground state pole, it will be interesting to connect 

2 2 
the coupling constant g with the constants g (see 

1 2 C ^ B K ' V ' B P 
[19]), g? 2 „ « « H ^ • 

A B B A 

5. Conclusions 

We have examined possibilities of obtaining information 
on kaon-nucleon coupling constants without referring to any specific 
models. The basis for such a type of analyses is the use of analytic 
properties of scattering amplitudes both in the angular and in the 
energy variables. Due to the very unfavourable mass ratios the 

_j . -
This finding coincides with the claim of the authors of ref- [ 14]. 

However, this coincidence is fortuitous, a result of two cancelling 
errors in ref. [ 14] : the superfluous factor 2 in the pole tern 

makes y two times smaller, the unrealistic high energy model for 
Iraf makes y about two times larger. 
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corresponding polos in tho costi-variablo arc very far frosi the 

physical region. This lenvos not much hope for chances to extract 

coupling constants by extrapolating differential cross sections. 

On the other hand, the forward dispersion rolation £03: the anti

symmetric amplitude is very suitable for determining the kaon-

nucleus couplings. This dispersion relation allows to incorporate 

into the analysis in a straightforward way data on the kaon-nuclear 

regeneration. 

+12 
The forward dispersion relation for the antisymmetric K- C 

scattering amplitude was evaluated. The effective residue turns 

out to be significantly larger than the coherent sum of elementary 

residues and practically not depending on the treatment of the 

unphysical region. The physical explanation for these phenomena 

remains jo be given. Two almost cancelling errors in similar earlier 

calculations have been indicated. 

It would be interesting to evaluate the dispersion relation 

for other nuclei and to find the A-dependence of the effective 

residue. 

Acknowledgments 

I thank R. Vinh Mau and S. Wycech for discussions. The 

hospitality at and the financial support from the Division de 

Physique Théorique, Institut de Physique Nucléaire in Orsay is 

highly acknowledged. 



Il . 

References 

1. T.E.O. Ericson and M.P. Locher, Nucl. Phys. A148 (1970) 1. 

2. S. Dubnicka and O. Dumbrajs, Phys. Reports 19Ç (1975) 142. 

3. L.D. Blolchintsov, I. Borbely and E.I. Dolinsky, Particles 

and Nuclei 8 (1977) 1189. 

4. M.P. Locher and T. Hlxutani, Phys. Reports ££ (1978) 43. 

5. O. Dumbrajs and M.M. Queen, JETP Letters JU (1970) 280. 

6. M.E. Vishnevski, N.D. Galanina, N.S. Kikolaev and V.I. Chistilin, 

Soviet Journal of Muclear Physics lji (1971) 489. 

7. J. Pnifiwski , Proceedings of the International Conference on 

Few-Pavticle Problems in the Nuclear Interactions, Los Angeles, 

1972. ' 

8. B. Povh, Rep. Prog. Phys. 39 (1976) 823. 

9. R. Seki, Phys. Rev. Lett. 29_ (1972) 240. 

10. D.V. Bugg et al., Phys. Rev. JJ38 (1968) 1466. 

11. R.J. Abrams et al., Phys. Rev. D4 (1971) 3235. 

12. B. Diu and A. Ferraz de Camargo filho, Nuovo Cimento 4 7A (1978) 

495. 

13. B. Gobbi et al., Phys. Rev. Lett. 29 (1972) 1278. 

14. K. Aral, I. Endo and M. Kikugawa, Prog. Theor. Phys. 5_6_ (1976) 

1345. 

15. M. Ericson, Ann. Phys. 6_3 (1571) 562. 

16. A.D. Martin, Phys, Lett. 65B (1S76) 346. 

17. N.M. Queen, private communication. 

18. T.3.0. Ericson, Proceedings of tho IV-th International Confe

rence on High Energy Physicy and Nuclear Structure, Dubna, 

September 7-11, 197.1. 

19. H.O. r-toyoi: art! C.R. F1.at.tner, Nucl. Phya. ;";279 (1977) 53. 

http://F1.at.tner


12. 

Table 1 Coordinates oC the .B-pole and of the beginning of the 
11 '"' 
BA-cut as a function of fcao:-. lab. kinetic energy 

T(KeV) cosO , 
A B 

cosO 
1 1BA 

300 - 30.9S - 31.36 
500 - 19.67 - 19.88 
1000 - 10.89' - 10.97 

Table 2 Coordinates of the N-pole and of the beginning of the 
Cp-cut as a function of kaon lab. kinetic energy 

T(MeV) cosO.- cose.. 
Cp 

300 - 20.39 - 20.41 
500 - 14.66 - 14.67 
1000 - 9.17 - 9.18 

Table 3 Coordinates of the «H-pole and of the beginning of the 
HA-cut as a function of kaon lab. kinetic energy 

T (HeV) . cose, 1 H cos6, 
JHA 

300 
500 
1000 

- 12.39 
- 8.03 
- 4.67 

- 12.42 
- . 8.04 
- 4.68 
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figure Captions 

+ 1? 
lie;. ] Th?. imaginary part of the antisymmetric K-- 'C forward 

scattering amplitude, used an input in the dispersion 
relation, as a function of kaon lab. energy. The dashed 
curve corresponds to the model used in ref. [ \i]. 

+ 12 Firj. 2 predictions for the real part of the antisymmetric K- c 
forward scattering amplitude as a function of kaon lab. 
energy. The dashed curve corresponds to rcf. [141• Experi
mental data are from ref. [ 13]. 

Tig. 3 Predictions for the phase of the K-meacn regeneration ampli
tude on carbon as a function of kacn lib. energy. The 
dashed curve corresponds to ref. [14]. References to experi
mental data can be found in ref. [ 12]. 
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