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I. Introduction 

The traditional picture of nu
clear natter is based on the assump
tion that in the structure of nuclei 
the full complexity of the strong in
teractions does not usually come into 
play, owing to the fact that nuclei are 
relatively weakly bound systems. Then 
the main features of the nuclear bind
ing can be attributed to two-body 
forces, which can be mostly directly 
studied in two nucléon scattering ex
periments and in the properties of the 
deuteron ground state. However, due to 
the asymptotic approximation of the 
phase-shift analysis and because -the 
deuteron is a loosely bound system, 
only relatively large interaction dis
tances are probed in such a way. There
fore the available descriptions of two-
bodv forces, namelv potential models 
based on boson exchanges , that stem 
from the large amount of data accumu
lated in the last decades, are restric
ted to interaction distances down to 
about 1 fm. Hence the main cr .îtribution 
to the nucleon-nucleon attraction re
sponsible for nuclear binding is well 
described whereas the short range re
pulsion causing nuclear saturation 
still need satisfactory explanation. 

An other generally accepted as
sumption was that the nucleus is made 
up of non-relativistic objects. However 
non-relativistic shell models fail in 
describing fundamental properties like 
the spin-orbit splitting of the energy 
levels. This indicates the need to in
corporate relativistic degrees of free
dom in the single particle motion of 
bound particles. Recently there has 

been a revival of interest ' i in the 
development of a relativistic theory 
of nuclear matter and of finite nuclei, 
that direazly relates the potentials 
felt by a nucléon to the processes of 
boson exchange. They give satisfactory 
results when applied to the evaluation 
of the spin-orbit splitting in ordi
nary nuclei and in A hypernuclei ' s. 
As pointed out by Bouyssy5 the future 
may be in an extension of these rela
tivistic models to the baryon-nucleus 
interaction, where baryon stands for 
an ordinary nucléon, an hyperon or one 
of their excited states (à,A* etc.) 

The quark models have obtained a 
large success in outlining many fea
tures of the baryon spectrum and it 
has been suggested that they would be 
more appropriate to describe the short 
range region of the nucleon-nucleon 
interaction7. This suggests an alter
native description of the nuclear mat
ter : the nucleus being built up with 
bags of quarks that, because of con
finement, at relatively large distances 
(> 1 fm) behave as baryons that inter
act by boson exchange like in the tra
ditional picture. At shorter distances 
(< 1 fm) the bags overlap and fuse to 
form larger bags of six (ore more 
quarks) where the interaction is car
ried by quark and gluon exchange. 

Three questions immediately 
arise when such a picture is proposed : 
1) is there any experimental evidence 
supporting such a description at nu
clear matter, 2) how probable is the 
overlap of two or more quark bags in
side the nucleus and 3) do we really 
need auarks to describe some unex-



plained nuclear properties or relativ-
istic model could provide satisfactory 
explanation ? 

II. A and Z hvoemuclei 
• * 

a) The strangeness exchange reaction 

1 - The best available evidence for 
quarks in nuclei is provided by the so 
called E.M.C. effect3. The nucléon 
.structure fonction F? has been mea
sured in deep muon inelastic scattering 
on deuterium (F,(D) and on iron 
(FN(Fe)). The ratio Ff(D) / ?f(Fe), 
plotted against the Feynmann variable 
x, should be constantly equal to one if 
the inner structure of the nucléon is 
not affected by the presence of the 
surrounding nucléons. The authors find 
a skavo devendenae on x. 

The most efficient way to pro
duce hypemuclei has been up to now 
the strangeness exchange process, 
which transfers the strangeness from 
kaon to nucléon in the reactions 

and 

+ N - A 

K + N •* Z + 7T 

(1) 

(2) 

This success is related to the pecu
liarities of the reaction mechanism 
that lead to a simple interpretation 
of the hypemuclear states. 

2 - The probability that quark bags 
overlap in nuclear matter to form 
larger bags at six or more quarks has 
been calculated for the 3He nucleus9. 
At a relative distance R = .9 fm be
tween the center of the bags a proba
bility p = .42 to form a six quark bag 
and a probability p = .25 to form a 
nine quark bag are found. These huge 
values are consistent with other esti
mations 1 0 and show that, for nuclear 
phenomena depending on short range 
baryon interaction, the quark picture 
has to be taken into account as a pos
sible explanation. 

If we neglect two step processes 
the differential cross section for the 
formation of an hypemuclear state at 
0° is related 1 1' 1 to the elementary 
cross section of reactions (1) or (2) 
through the formula 

i£ (0°) = N — 
dfl K ' eff dr. 

(0°). (3) 
K" N 

The effective number N ,- of nucléons 
et l m the target nucleus is proportional 

to the product of the distorted waves 
of the incoming kaon xi*^ (?) a n d out
going pion XTT"; (r). This product can 
be expanded in partial waves in the 
usual wav 3 - It will be the aim of my talk to 

present experimental results that could 
provide a clue to decide whether the 
relativistic mean field approach or the 
quark picture is more appropriate to 
describe the nuclear phenomena depen
dent on short range interactions.I'll 
discuss A and Z hypernucleur experi
ments, dibaryon strange resonances and 
strange baryon radiative decays. All 
these experiments belong to the kaon 
physics field that appears to be a pow
erful tool to explore'this challenging t h e momentum transfer; 

yj + )(r) x ( _ )(r) = Z [4TT(2I>1)V / 2 

*• L-0 

x i L JL(qr) Y°(r~), 
(4) 

where the radial function j^(qr) re
duces to the usual 3essel fonction in 
the absence of any distortion fq is 

n̂ A hypernu-

fieid at nuclear physics, cleus production in the forward direc
tion q vanishes for kaon momenta of 
530 MeV/c, whereas for Z hypernucleus 
production q * 0 for kaon momenta o: 



ru 2S0 MeV/c. For small momentum trans
fers the Bessel fonctions are very 
small inside the nuclear volume unless 
L = 0. Distortion does not essentially 
change this argument. 

Moreover if the pions are de
tected in the forward direction, spin-
flip transitions are forbidden. Thus 
AL = 0 transitions will predominate for 
small q values, AL > 1 transitions, 
will become important at higher trans
fer momenta. A suitable choice of the 
kaon momentum will enhance one kind of 
transition selecting the corresponding 
hypernuclear state. Nucléons of the 
inner shells do not give relevant con
tribution to the narrow structure of 
hypemuclei spectra, because the par
ticle-hole width, as shown by (p,2p) 
and (e,e'p) experiments, is large for 
inner shells. Moreover, since both the 
K and ir~ mesons are strongly absorbed, 
the reactions take place mainly at the 
nuclear surface. Therefore AL = 0 tran
sitions will produce substitutional 
states where the hyperon maintains the 
same spin and orbital wave function of 
the transformed nucléon of the outer 
shell. When the hyperon jumps in a 
higher or lower hypernuclear state we 
have quasi free production. 

Of course this simple interpreta
tion does not exhaust all the physics 
contained in the hypeniuclei spectra 
but constitutes a good starting point 
for their interpretation. 

In our experiment1" we measure 
kaon and pion momenta and the relative 
angle of their trajectories. From them 
the transformation energy M^y-M^, de
fined as the mass difference between 
the excited hypernuclear system and the 
target nucleus, is computed. This quan
tity is related : 

y-HY"MA= V V V ( V V V 

- M v - v w ( 5 ) 

to the biwuing energies B and Bv< of 

the hyperon in the hypernucleus and of 
the nucléon in the target nucleus. 

b) Spin orbit splitting in A hypermi-
cTêî 

One of the phenomena that depend 
on the short range interaction of nu
cléons inside nuclear matter is the 
splitting, due to the spin orbit force, 
of the energy levels belonging to the 
same shell. No satisfactory explana
tion exists at the moment on the nature 
of this process even though a renewal 
of efforts to find out a solution to 
this problem was developed since the 
discovery, few years ago, that, the 
energy splitting due to the spin orbit 
force A-nucleus was about equai to ze
ro in A hypernuclei"12. One of these 
experimental results is shown in Fig.1. 

The ground states of 1 2 C and 1 6 0 
have Jïï = 0 +. Then M = 0 and M = 1 
transitions will lead respectively to 
J71 = 0 + and J' = 1" states (remember 
that spin flip is not allowed in a 
collinear geometry). From the angular 
distributions it can be deduced that 
the more intense peaks have J" = 0 
and the smallest ones Jïï = 1". It can 
then be assumed that in the 1JC spec
trum the J~ = 0 + state belongs' to the 

(1p3/2> 1P7/2^An configuration', with 
both the A particle and the neutron 
hole in the 1p 3/ 2 shell, whereas the 
state at B A = 11 MeV (J

ïï = 1~) belongs 
to the (1s , 1p~y 0); v n configuration. 
Let us now" compare'the l^C spectrum 
with that of l}0 in the M^y - M^ scale. 
The transformation energies for the 
levels corresponding to the 
()?>/z> ^I/^An a n d ( 1 s:/ 2'

 1?;/ 2>An 
configurations in l^C coincides 
well with those of the two 
transitions in :^0 at B;; = - 3.5 MeV 
and By\ = 7 MeV. Moreover the relative 
intensities are equal in both cases. 
They are therefore assigned to the 
( 1 P 3 / 2 ' 1P7/: }An a n d ( 1 s

l / 2 ' 'P^ 2> 
configurations respectively. In lJ0 
the two additional peaks at B̂ , = 2.5MeV 
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Fig. 1. 
Spectra obtained from the (K~,'iï-) 
reaction on (a) 1 2 C and (c) 1 6 0 at a 
kaon momentum of 715 MeV/c plotted as 
a function of the transformation ener
gy A/TJY ~ ^A l n t n e strangeness- -
exchange reaction. The A-neutron mass 
difference M^ - Afn is also indicated. 
In addition, the A binding energy 5^ 
is plotted for each spectrum. 

(J" = 0 ) and at 3 A = 13 MeV (J" = 1 ) 
are then related to the Op,/,., 

^T/^An a n d ( 1 Si/2' 1 ?r/2 }An " n f i S " 
urations respectively. 

The splitting between the hyper-
nuclear states with the 1c""1 and 

' 2 / 2 

1p _ l nuclear core is 6 MeV for both 
the J = 0 and J" = 1 states. This 
ciscioses directly that tne spin-orbit 
interaction of the A particle in the p 

shell nuclei is small. In fact the en
ergy difference between the Op , 

1p - 1 ). and the (1p , 1p-i K^con-
*3/2 An y

1/ 2» ^/z An 
figurations and between the (1s , 

1p_l, ). and the(1s , ID" 1 ) , 1 / 2 

3/2 An 1 / 2 ' -i/2 An 
states is 6 MeV in both cases. The en
ergy splitting between the 1p and 

1/2 

1p , hole states in 1 5 0 is 6.1 MeV. 
3/2 

Thus an upper limit of .3 MeV for the 
spin-orbit splitting in the A-nucleus 
interaction can be inferred13. An analo
gous result is obtained for the hyper-
nuclei in the s-d shell by comparison 
of the "̂ S and ĵJGa transformation en
ergy spectra1u 

ik 

Other experimental results have 
been obtained more recently on the x 3C 
nucleus . The data have been analy-
sedx with a shell model, where the A 
is weakly coupled to the 1 2C core. The 
result is that, here too, the spin-
orbit part of the A.-nucleus interac
tion is small. 

Unfortunately even though 
these results provide additional 
contraints on the theoretical mo
dels, they didn't help to answer the 
question of what is the best descrip
tion of this phenomenon. Boson ex
change models in the relativisticmean 
field approach 1 7 , i e and the additive 
quark model 1 9 yield all the same value 
for the spin-orbit part of the A-
nucleus potential depth, in agreement 
with the experimental data. 

It was quite a surprise to find 
out that light Z hypernuclear states 
show up as well defined peaks in the 
(K~,TQ reaction20. In fact if in the 
nuclear matter the A decay can proceed 
through a weak interacting process 
(AS * 0) 

A + N -r N + N (6) 

the Z hyperon can decay through a 



s t rong i n t e r a c t i n g p rocess (LS = 0) 

I + N -- A + N . (7) 

Thus the A escape width is small where
as the I escape width is expected to be 
large. 

However the peaks observed in the 
(K~,~~) reaction20 on 9Be and 1 2C show 
widths comparable to those of the cor
responding A hypernuclear states. 

The character of the (I N~") par
ticle hole states is somewhat more 
complicated than the A case since the 
Z has isotopic spin 1. Thus the resul
ting configurations can have 1=1/2 
or 3/2 and be a mixture of I~, I 
particles with neutron and proton 
holes. 

The spectrum shown in Fig. 2 has 
been measured at a kaon momentum of 
715 MeV/c. There the ratio between the 
cross sections of the elementary pro
cess 

L 

and 
K" + n 

K + _ + + •fi-

CS) 

(9) 
is about 10. It can then reasonably be 
assumed that 'only reaction (8) contri
butes to the formation of the hypernu-
clear states at this energy. A support 
to hold to this interpretation is pro
vided by the new data obtained at 400 
and 450 MeV/c (Fig. 3a and 3b) 2 2. Here 
too the shape of the hypernuclear spec
trum reflects the energy dependence of 
the elementary cross section. Reac
tion (9) dominates at 400 MeV/c and 
therefore the peak showing up in Fig.3a 
can be interpreted as Z hypernuclear 
state. At 450 MeV/c the cross sections 
for reactions (8) and (9) are about the 
same. As shown in Fig. 3b contributions 
from W j hypernuclear states appear on 
the high mass side. In the reaction 
(K~,r~) only Z" hypernuciei can be pro
duced and therefore the peak of Fig. 3c 

must correspond to a pure I - /_ 
state. In the Z hypernuclear spectrum 
(Fig. 3a) a peak appears at the tran
sition energy M«y ~M. = 270 ±.5 MeV, 
in the IT hypernuclear spectrum 
(Fig. 3c) a similar peak shows up at 
MHY" MA = 279 -.5 MeV. 
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Fig. 2. 
Comparison of the hypernuclear spec
trum obtained in the (K",TT~) reaction 
on " C at /ID MeV/c with the n spec
trum measured in re:.'1 at 900 MeV/c 
(q̂  = 63 MeV/c). 

Two important results stem from 
this comparison : 
- first the difference between the po
sition of the two peaks (about 9 MeV) 
is almost equal to the mass difference 
between the Z" and Z~ hyperons (8 MeV); 
- second in both cases the binding 



energy Br-r is equal to about 4 MeV. 

In ordinary nuclei Coulomb ef
fects are compensated by the symmetry 
energy related to the isospin dependent 
potential (V,/A)t. Tj_, where t is the 
nucléon isospin and"frl_, that at the 
rest of the nucleus. 
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Fig. 3 
Z hypernuclear spectra of '"'C obtained 
in the reaction (K~,~~) at 400 MeV/c 
a), at 450 MeV/c b) and in the reac
tion (K",~+) at 450 MeV/c c). 

Therefore if the peaks shown in 
Fig. 3 are of substitutional nature 

(p~\ ,D ) the coupling between the 
3/2 " 3 ^ 2 

isospin of the hole state and the Z 
hyperon should be taken into account 
in a self-consistent calculation. 

Now assume charge indepen
dence, and therefore the nuclear 
binding energies to be R-* = B^ and 
the Coulomb energies B + = -B~ = B 

c c c 
and let us call m, and m the mass of 
the L and Z hypernuclei respectively, 
then we derive from the standard mass 
formula : 

A = m - m 
32 3 : 

7.97 - (10) 

which has to be compared to the expe
rimental value A = 9 MeV. From this, 
we get B c s .5 MeV. The B c of Z is dif
ficult to derive theoretically because 
the Z lies in the continuum. For a 
proton of the p-shell in 1 2 C B + = 2.71. 

*• c 
From that a value of 3^ > 2.7 MeV can 
be estimated. The accuracy of our mass 
measurement is ±.5 MeV, which has been 
calibrated on the free Z production 
from the protons in the LH2 Cerenkov 
detector. Howeve.- the discrepancy be
tween the experimental value 
(3 = .5 MeV) and the theoretical one 
(B £2.7.) is larger than the measu
rement uncertainty and shows the 
existence of a symmetry term related 
to an isospin dependent strong inter
acting force that compensate the effect 
of the Coulomb interaction"". There
fore the simple assumption of complete 
charge independence is doubtful. 

In fact, since it is expected 
that the change exchange reaction 
plays a role, the two hypernuclear 
states with Z c and I"1" should mix. 

However, if we call m. the mass 
of the Z hypernucleus and we apply in 
the same way the mass formula, we get 
L.. - m.. - m. = -4.57 + B c (11) 

.5, just found, 
-4.07. This number has 

Taking the 
we obtain 1. 

value B c = 



to be compared to the experimental re
sult £,, = -5. obtained by unfolding 
the spectra (Fig. 3b) vith two peaks 
(Z + and Z° states). Therefore this 
splitting and the fact that the popu
lation of the states follows the free 
production cross section at 400 and 
450 MeV/c rather well, indicate that 
the mixing is likely to be small. For 
a nroduction of states with good isc-
spin the mixing had to be rather 
strong. The isospin classification 
therefore seems to be unlikely, but 
cannot be totally excluded on the basis 
of these data. 

The result for Br± is similar to 
what has previously been found at 
715 MeV/c. There the Zo binding energy 
Br was about 4 MeV less than the A. 

The Fermi gas model successfully 
reproduces the quasi-free part of the 
transformation energy spectra in A y-
pernuclei 2 5. If this analysis is ap-
pplied for " C , the observed difference 
in the binding energy between A and Zo 
would imply a Z° central potential 
(Y$ ) of about 21 MeV 2 6. This value, 

compared to V^ = 30 MeV for "^C, is 
consistent with a Z 0 - nucleus inter
action globally attractive although 
less so than the A-nucleus and N-
nucleus interactions. 

The analysis^' of Z atomic level 
shifts, widths and yields has been per
formed with an optical potential, that 
has real central depth V£ -. = 26 MeV. 
A different fit 2 6 of the sigma atonic 
data gives v£ - 22 Mey. Recent theoret-

the same range. 

reaction that feeds onlv T = 3/ 

give values in 

ccion in L 
hvsemuclei 

As already mentioned, because of 
isospin, the interpretation of the ex
citation energy spectra of Z hypernu-
clei is more involved than in the case 
of A-hypernuclei. Therefore we have 
focussed our attention on the (K~,T+) 

states. 
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Fig. 4 
Comparison of the (K~,TT +) reactions at 
450MeV/c for 1 2 C and i 60.1n i 6 0 wee also 
see a contribution from the^7^ ,s ,,)vr* 
configuration. The splitting between 
the two peaks is related to the spin 
orbit splitting of the p shell in :l0. 

The (K",T+) reaction on 16, 

shows two peaks (Fig.4). As for the A 
hypernuciei one is led to assume that 
thev corresDond to the (n - 1 . n ) _ 

3 / 2 3 i 2 N L 
and (p - 1 ,o ),.„ configurations and 

1/2 -1/2 Ni. 
that the energy difference between the 
two is determined by the spin-orbit 
splitting of the p shell. 

In the weak coupling model the 
interpretation of the two peaks is 
rather straightforward. We use as a 
mass scale the transformation energy 
which is apart from the hyperon nu
cléon mass difference just the differ-



-ence of binding energies between hy-
peron and nucléon in the (otherwise) 
same nucleus . 

This scale has the advantage that 
corresponding peaks in neighbouring hy-
pernuclei appear at the same position. 
So the P„ , peak, should be at the same 
position" both in 1 2 C and l ô 0 . 

In the A hypernuclear case we mea
sured"" the energy splitting. 

AE = E 
(PT/2'P3/2)NA K/^i/a^A 

(12) 
= +6 MeV. 

And since AE = AE . - AE, 
nucléon hyperon 

and AE - is known to be 6 MeV we 
nucléon 

concluded that AE, » 0, i.e., no spin 
A 

orbit splitting. 

also a small spin orbit coupling could 
be made compatible with the data. To 
clarify the situation data with higher 
statistics and better energy resolu
tion are needed. In the present exper
iment the target thickness (and then 
the energy resolution) had to be large 
to allow reasonable counting rates with 
a beam intensity of a few thousand cf 
kaons per burst. _ 

On the theoretical side, only 
the additive quark model*' predicts a 
spin orbit splitting of energy levels 
in Z hypemuclei larger than in ordi
nary nuclei. Therefore it seems to 
give the best description of the ex
perimental data. However, because of 
the many simplifications of the model 
and of the poor statistics of the data, 
this possible "agreement" has to be 
considered with precaution. Neverthe
less it can be a clue for a research 
to be performed with future facilities 
like LAMPF II in order to solve the 
spin-orbit problem. 

Three alternatives for the E hy-
pernuciei shall be considered. First : 
there is no splitting as for the A's. 
Then the p contribution in x .̂O 

1/2 l* 

should be on the low mass side of the 
P„ ,„ contribution (to make AE*+6 MeV). 
Looking at our (K~,TT ) spectrum on 0 
(Fig. 4) rules out this possibility. 
Second : The splitting is identical to 
the nuclear case. Then we should get 
AE = 0, i.e., just one single peak in 
~°0 identical to the one in *'C. Also 
this possibility does not agree with 
the data. 

What we find is a negative AE, 
i.e., the p , contribution to the *°0 v l / z 
spectrum is on the high mass side of the 
o contribution. The statistics of 
' 2 ,'Z 

the up-to-now data is not sufficient to 
determine the size of the splitting. 
But in the frame of the weak coupling 
model we would conclude that the spin 
orbit splitting is larger r.h'in in or
dinary nuclei. It was pointed out how
ever ;* that in a strong coupling model 

III. Strange dibaryons 

The existence of two baryon sys
tems such as ]TS, YN or YY, named di
baryons, is of great interest for the 
understanding cf the short range part 
of the baryon-baryon interaction. Se
veral QCD models have predicted such 
states as multi-quark bound systems. 
It was also pointed52 out that there 
may be a connection between the multi-
quark states calculated under the as
sumption of total confinement and low-
medium energy scattering observables. 
The"ïfcrû many experiments have been 
performed to search for these states 
in the mass region predicted by the 
models. 

I'll limit my discussion to the 
S = -1 dibaryons and report on an ex
periment performed at CERN by a Rome-
Saclav-Vanderbilt collaboration^:.that 
is, at my knowledge, the more complete 
investigation for S * -1 states in the 
2 GeV mass region. Four reactions have 

S 



been s tud i ed 

K" * d - 7T+ + K7 (2137) 

) l - | (13) 
H 1 (2137)J 

d - z' 

V 

B l (2129) -, 

Ht 
v i - 1 

(2129)J 2 

(14) 

In all the cases the outgoing mesons 
have been detected at 0°. 

No evidence is found for the 
I = 3/2 state and an upper limit of 
dc/d.Q < 1.7 ub/srandda/dE < 23 nb/sr 
for the first aud second reaction res
pectively have been measured. 

The data corresponding to reac
tions (14) (I = 1/2)are shown in Fig.5. 
The peak observed at 2.13 GeV can be 
interpreted as a ZN bound state (S=-1, 
I = 1/2), as a six-quark state or a AN 
state. In order to decide what is the 
right interpretation and to know if the 
peak is not connected with a kinemati-
cal cusp related to the ZN thresh
olds" a more complete study of the 
reaction mechanism is needed,namely as 
a fonction of the incident energy. Here 
too higher intensity and better quality 
beams are needed, at least for the kaon 
induced reactions. 

IV. The A (1520) resonance 

The hyperon, like the nucléon, 
has a large spectrum of excited states. 
The narrowest S = -1 resonance is the 
'.* (1520), j" = 3/2~, that is thejirst 
resonance above threshold in the KN 
system. 

It can be produced either on hy
drogen by the reaction 

K- + „ -, r* (15) 

or on nuclei DV tne process 

K" + ̂ A - A* + Z"^(A-1) 
(16) 

> - ! ) • * 

The study of the radiative decay modes 
of the A* produced by reaction (15) can 
provide information about relevant pa
rameters of the quark bag model. The 
measurement of the quasi-free scatter
ing fed by reaction (16) can show how 
the A* resonance propagates through 
nuclear matter. 

K ~ D — TT" MUSING MASS >l 1 « 6M»e T T * D — K 

:.o M i . i i . i i 4 1.0 1.1 1.1 1.1 ».« 
MISSIMO H<(f (0«r/e>| 

Fig. 5 
Missing mass spectrum of 1 - 1/2 
states. 

a) Radiative decay 

The radiative decay scneme or A 
(1520) is illustrated in rig. 6. 
Widths have been measured for the 
transition leading from the E°(1193) 
to A(1116) and,_in an indirect way, for 
the transition''" corresponding to the 
decay of A (1520) to A (1116). The 
corresponding Ty values are respec
tively ?y = 11.5 ± 2.6 keV and 
"Y = 150 ± 30 keV. 

9 



In the MIT bag model all the hy-
perons shown in Fig. 6 are made up of 
one down, one up and one strange quark. 
The positive parity states are de
scribed by a bag containing all three 
quarks in the Sw, orbit36. The A(1116) 
and I°(1193) belong to the ground state 
octet while the Z°(1385) belongs to the 
ground state decuplet. The negative 
parity states are described by a single 
quark L = 1 excitation, p, ,„ for 
AO405) [ref . 3 7J and p., 'for the 
A (1510) [ref. 3s]. 

Assuming that the electromagnet
ic decay proceeds by a single quark 
transition, the radiative strengths 
have been computed3". The decay of the 
AO520) to the A0116) and to the 1° 
(1193) will be both E1 + M2 transi
tions. 3ut the first will require the 
strange quark transition from the p./2 

to the s 1 / 2 state, whereas the second 
will proceed through the light non 
strange quarks. 

AJ1S23I 
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Fig. 6 
radiative decay scheme of A(1520), 

The (1520) state has two main 
components, the singlet {1,3/2"; and 
the octet (8,3/2~(S=0)} with the two 
light s , quarks coupled to zero. The 
transition rates are very sensitive to 
the admixture coefficients etc of the 
singlet and ctg of the octet states. 
Moreover they strongly depend on the 
bag radius. The computed Ty widths for 
these two transitions (AO520) -*-A(1116) 
and A(1520) - 1°(1193)) are few keV 
and about 100 keV respectively"9. The 
experimental result of 150 ± 30 keV 
(see Fig. 6) obtained in ref. by an 
indirect way in a bubble chamber ex
periment needs confirmation. 

The experiment has been per
formed at CERN by the Heidelberg -
Saclay - Strasbourg collaboration1* °. 
The y-rays corresponding to the two 
transitions were detected near 70e 

with a large O0"xi2")NaI detector. 
Typical characteristics of such a 
spectrometer are : energy resolution 
~ 10 Z, solid angle 'v I0~2sr and the 
efficiency almost one. The spectrome
ter was completed by a plastic scin
tillator put in front of the Nal de
tector in order to reject charged par
ticles. A large plastic scintillator 
was surrounding the Nal to detect the 
escaping part of the shower. 

The A(111o) decays (64.2 Z) to 
pTr". This branch was measured, in 
coincidence with the yrays, in a re
coil counter in order to improve the 
background rejection. The room back
ground (high energy neutrons and y-
rays) created by the proton beam at 
the kaon production target required 
big efforts to find a proper shielding. 
This problem has to be kept in mind 
in the design of beam lines of new 
facilities where much higher intensi
ties are involved. 

The data analysis is still in 
progress. Preliminary estimations seem 
indicate that the branching ratio for 
the first transition is much smaller 
than tne value given in ref.''. 



b) Resonance £ro£asaticn_in_nuclei 

The important role played by the 
L resonance in nuclear matter has been 
clearly established by many experimen
tal data*x. However, because of its 
large width, the study of its behaviour 
inside the nuclear matter has not been 
very successful till now. Many analo
gies e:-:ist between the A and the A( 1520) 
resonance. They have both spin 3/2. The 
L is the first resonance above thresh
old in the ~N system, like the AO520) 
is the _r_irst resonance above threshold 
in the KK system. The production cross 
section is also similar. The widths 
.however are very different and there
fore the propagation distance of the 
resonance d, computed assuming free 
space propagation, is larger for 
A(1520). This implies that the study of 
the quasi-free (K -,TT _) spectrum ob
tained in reaction (16) can give more 
easily information on the behaviour of 
a resonance inside nuclear matter. The 
quasi-free (K~,TT~) spectrum has been 
computed ' in the Fermi gas model for 
different kaon momenta assuming widths 
of 16 MeV and 160 MeV. 

In the first case it's assumed 
that the AO520) keeps its natural 
width inside nuclear matter, in the 
second one interactions inside nuclear 
matter would considerably widen the 
resonance width. 

With the K26 beam at CERN, a 1ZC 
target 2 g/cm2 thick and a solid angle 
of 2 * 10~'sr, a rate of 50 counts per 
day per 2 MeV bin could have been ob
tained. Rates hundred tiî cS higher 
could be reached at LAMP F II. 

V. A new physics ? 

This review on kaon physics would 
not be complete without reminding of 
the importance of the study of kaon 
rare decay modes. 

Many different types of light neu
tral partiel-- are predicted by various 

theoretical models. In addition to the 
neutrinos, v, other types of spin 1/2 
particles are expected in supersymmet-
ric theories such as the photino y, the 
goldstino G and perhaps the neutral H. 
Informations on the number and proper
ties of these particules, that are very 
important for astrophysics and parti
cle physics, can come from the measure
ment of the branching ratio B of the 
decay K + — TT+ + ? wnere ? stands for 
any one of the mentioned neutral light 
particles. 

Theoretical predictions of 3 are 
given it ref.1"*. The authors find 
B (K* •* ::+ + I ~i v f) < N v x 1.1-10"* 

where N,, is the number of neutrino fla-
vours. The most stringent constraint on 
the number of neutrino flavours comes 
from astrophysics and gives N v < 3 
or > 6600. 

For the decays in supersymmetric 
particles, that is K + - 7* + Y y, 
K T - TT * y G, if + T+ + G G and 
K + -* TT+ + |j ù the authors find 
B = 0 (10-9)!* 

We have learned in this conference 
that a recent measurement on the B me
son decays would affect these predicted 
values of B reducing them by a factor 
of ten"5. 

.However the theoretical values of 
B have to be compared with the avail
able experimental licit B < 1.4 x 10" 
— , , ,-i 
ijrer. * 6 j . 

A measurement with a precision in 
the range of 10"* G ? 1 0 " 1 : can be re
garded not only as a check on t'ne num
ber of neutrinos but also of the 
Kobayashi-Maskawa model. A branching 
ratio significantly above the expected 
range would be certain evidence for 
new physics. This would be either be
cause there are more than three neu
trino flavours, or because there are 
other light fermions such as the par
ticles y, G or K expected in various 
supersymmetric theories. 

1 1 



Of course this would not be an 
easy experiment. A proposal, involving 
new technologies, was presented at 
CERN by M. Ferro Luzzi1* . 

VI. Conclusion 

The study of hypemuclei has pro-
viced surprising results about the be
haviour of hyperons inside nuclear mat
ter. Narrow Z hypernuclear states, that 
is states where a Z hyperon (1=1) is 
embedded in a nucleus, have been ob
served, whereas strong interaction in
side nuclear matter was expected to 
prevent even the formation of such 
states. No satisfactory theory exists 
at the moment to explain why such nar
row states can be produced. The A hype
ron (I = 0) can decay in nuclear matter 
only through weak interacting processes. 
The AC1520) I = 0 can decay, like the 
Z hyperon, in nuclear matter, through 
strong interacting processes. The study 
of the (K-,ir~) quasi-free spectrum of 
reaction (14) can therefore provide in
formation, by the comparison between 
the A052Q) and £ behaviour in nuclear 
suitter, on the resonance propagation. 

In hypernuclei the hyperon plays 
the role of a tagged nucléon that can 
be used to probe nuclear models. The 
strange quark of the AO520) can play 
a similar role and a straightforward 
analogy with the nuclear Weisskopf mo
del for Y decay in nuclei, the study of 
the Ey widths of radiative transitions 
from 'A( 1520) to the other A and! states 
can provide information on the quark 
bag radius and the flavour mixing coef
ficients. 

Therefore collection of data on 
A and Z hypemuclei together with the 
study of the A(1520) resonance can-
helpfully provide the answer be the 
question whether the nuclear force is 
mediated by boson exchange or by quark 
exchange at interaction distances 
around 1 fm. May be both, one respon
sible for the lone ranee and the second 

for the short range force. Thus kaon 
physics is a challenging field. It can 
help to bridge over the different ap
proaches. 

All the experimental results dis
cussed here can be thought as first 
generation experiments. They were long, 
hard measurements because of the low 
fluxes and pion contamination of the 
kaon beams. 

New facilities like LAMPF II can 
broaden the horizons of kaon physics 
provided not only the intensity but 
also the parity of kaon beams are im
proved . 
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