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1 · .Introduction 
,, 

In the last few years a new· branch of nuclear phy.sics, namely physics of light neutron~ 
rich nuclei has been constitued [!). These exotic nuclei may be produced in various 
reactions: · 

nucleon transfer in heavy ion collisions· [2) 

9Be{13C, 140)8H e, 

or double cl:iarge exchange pion scattering (3) 
/ 

9Be(1r-, 1r+)9He. 

(I) 

(2) 

The purpose of this contribution is to discuss the possibilities of another reaction, ·· 
slmnge and double charge exchange (S&DCX): (K-:,,r+), which couples together two. 

' \ ,.._ ~ . ' - ' . - ' 

processes: . 
-strangeness exchange reaction (K~, 1r0 ) and 

· -pion charge exchange scatte~ing (1r0 , 1r+). 

. , 

2 · Hypernuclei Production 

In the last 15 years many hypernudei have been produced in the controlled way by a 
simple strangeness exchange reaction 

K- + n-.:.. A+ 1r-, Az(K-,ir.-")tz1 (3) 

The missing mass spectrum'of emitted pions (at a fixed angle) was recogoized as a 
· good sign_ature of hypernucleus production [•1). The A hyperon is ~ot inhibited by the 
Pauli principle, therefore ~he wave function of the ground state of any hypernucletis 
can he written down as a simple product 

ltZ(gs) >= lsA > •l"-1Z(gs) > · . . 
There are many examples of the st~bilizing role of the A hyperon: 

• stable hypernuclei with imstablenuclear ~ore: 1H e = s_A • 5H e [5) 

• hound excited state of A-hyp~rnuclei with particle unstable nuclear core: 

lLi(5/2+,2.02MeV) = sA • 6Li(3+0;2.2MeV), (6). . , . 

(4) 

It is obvious that the progress in thebypernudear physics depends crucially on th_e · 
kaon beam's quality. Up to now it suffers in tw~·points: · 

-low intensity and 
-large impurity. 
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A substantial break-through in. both directions is expected in the nearest future 
when new facilities such as KAON, CEBAF, PILAC and tp-factory DA4>NE (Frascati) 
start to operate. Then it will be possible to study more complicated reactions, for 
example, two steps strangeness. and double charge exchange reaction . 

or 

. There are two paths how to arrive at the Anp-2 state: · 
either 

K- + p ---+ A+ ,ro; ,ro + p ---+ n + ,r+ 

I(- + P---+ ,r+ + E-; E- + p ---+ n + A. 

(5) 

, (6) 

We see that in a process of this type one may produce a hypernucleus with a large 
neutron excess. 

In what follows I confine myself only to two points: 

• the stability of the neutron rich hypernuclei; 

• the identification of these exotic species at DA4>NE. 

3 The Stability of Neutron Rich Hypernuclei 

One can estimate the binding energy of the new hypernuclei easily. As the dependence 
of BA(A) is very smooth, it is sufficient to extrapolate the experimental data. The 
stability threshold against the neutron emission can he estimated by using masses of 
light nuclei [7]. The net result is presented as a chart of hypernuclei (see Table). 

Few comments are in order: 
1. ALL A-hypernuclei produced in a S&DCX reaction (marked by•) are NEW, 

they have not been observed until now. 
2. SOME of the new species MUST BE STABLE, because their nuclear core is 

already stable. 
3. The possibility of production of very HEAVY HYPERHYDROGEN isotopes t;.H 

and IH is also predicted. 

4 <I> - Factory DA<I>NE 

The tp-factory DA4>NE is the electron - positron collider tuned to production of the 
¢(1020) meson (8). It will be an extremely pure source of the slow kaons. Not only 
primary beam is exclusively pure [9]: 

¢ decay mode: J(+ + I<- KL+ Ks 
branching ratio: 49.5% 34.4% 

p+1r 
12.9% 
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1r+1r+1r 11+1' 
1.9% 1.3% 



There is also a possibility of identification of all charged particles (8,10]. They will 
be . . 

• primary pions accompanying the production of hyperons, · 

• secondary pions from the decay of hyperons Y ---+ N + 1r, and 

• protons accompanying the interaction of hyperon in nuclei 

E+ + n ---+ A + Pi A + p ---+ n + p. 

Very important is the possibility to determine simultaneously both the pions momen­
tum and their charges. This is rhe clue to identify u~iquely the rare or exotic proces~es 
discussed here. At first the events with 1r- and 7r+ mesons must be picked out. •Then 
the momentum distribution of 1r- and 1r+ not only ~cognizes the A hypernucleus_pro­
duced (q .. - ~ 100 MeV /c) but also discriminates between primary A hypernucleus (q .. + 

~ 250 MeV/c, process (5)) and primary E hypernucleus (q.-+ ~ 170 MeV/c, process 
(6)). However, the prevailing number of 1r+1r- events comes from the quasi-free E 
hyperon production 

J(-' + P---+ 7r+ + E-; 

and/or 
. J(- + P---+ 7r- + E+; 

with q .. + ~ q..- ~ 150MeV/c. 

5 Conclusion 

The DA<I>NE will be an extremely useful device: 

E- ---+ n + 1r-

E+ ---+ n + 1r+· 

• Besides its.main programme which consists in the GP VIOLATION studies; 

(7) 

(8) 

• it will be a unique source of NEW HYPERNUCLEAR DATA not only as _a very 
pure source of kaons, but also as a very efficient tool. It will be possible in a single 
experimental run to study both the sectors (A and E) of hypernuclei at all suc­
cessive stages from their production, through intermediate state transformation 
(E -+ A, 1r0 -+ 1r+), until their weak decay. 

• Among the variety of new results which one expect from DA<I>NE [11] there is 
the production of neutron rich hypernuclei in Strangeness and Double Charge 
Exchange reaction (K-, 1r+), in particular really very exotic HEAVY isotopes of 
HYPERHYDROGEN ~Hand 111, 
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iHe 
2.39 

A 2.39 

=J,H 
0.13 

A 0.13 

Chart of _light A hypernuclei 
with binding energies BA and 
particle instability· thresholds. 

12c 
10.80 
p 9.25 

' 

1B 10n 11 iJ 
8.29 8.89 10.24 

p 1.59 p 2.00 p 7.71 

1Be 8 Be A . 1Be lo Be 
5.16 6.84 6.71 9.11 

2p 0.7 T 5.31 o 3.50 n 4.07 

~Li 1Li 1Li . 1Li 
4.50 5.58 6.80 8.50 

p -0.6 d 3.93 t 6.15 n 3.73 

iHc ~He · 1Hc 1He 
3.12 4.18 5.23 7.16 

A 3.12 n 0.17 n 2.92 n' 1.49 

• • ill ~JI 6 JI 
A 111 

2.04 (3.1) (4.2) (5.2) 
A 2.04 n-1.8 2n .06 3n 0.4 

160 
13.0 
p 6.7 

14N lsN 16N 
12.17 13.59 (13) 
p 2.42 p 8.97 n 10.2 

• 1ac 14C 1sc 16C 
11.69 12.17 (13.6) (13) 

A 11.69 ~ 5.43 n 9.6 n 0.6 

• • 12B 1an 14B 15B 
11.37 (11. 7) (12.2) (13.6) 

A 11.37 n 3.7 n 5.4 n 2.4 

• ·• 11ne i2ne 
.A la Be 

(10.2) (11.4) ( 11. 7) 
n 7.9 n 1.6 n 3.5 

• • lo Li 11Li 
(9.1) (10.2) 
n 4.6 n 0.3 

• lHe .. 

(8.5) 
.n 3.9 
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