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Ten years ago StOdolsky(') discussed the possibility of selecting 

different t-exchange mechanisms in high-energy hadron-nucleus reaction 

using different excited states of the nuclear system. The selection 

rules are resumed in table I, together with the corresponding transition 

operator for the nucleus. With isovector and spin flip transitions or 

both, one can also study the propagation in nuclear matter of true 

resonances, like A for incident rr-mesons and 6" for incident protons, 
2 

and therefore learn about the interaction of these resonances with the 

nucleon. Unfortunately the experiments proved to be quite difficult(2) 

and only the transition O+~2+ in '2e was successfully studied(2~ but it 

did not provide new information on the elementary interaction. 

For the deuteron it seems impossible to have such transitions, 

because we don't have excited states. However, one expects for the 

deuteron break-up aD ~ cNN a strong final state interaction for small 

invariant masses of the two nucleon system. This produces an 

enhancement in the spectrum of the invariant mass 

m, 2 
2 ' P2) (1 ) 

which corresponds to definite quantum numbers and therefore all the 

selection rules of Table I can be applied: if we accept only the events 

of the peak, we can consider this as a semicoherent reaction. Although 

this enhancement was seen at low energy for incident electrons(')or 

protons(4~ it was never seen for high energy experiments, because of 

low energy resolution: the peak has a width of a few -2 
MeV(r ~~ where 

a is the scattering length). 

As recently reported(s) a peak of the same type was observed for 

m'2 ~ m + m6 in the charge exchange reaction p~npp at 1.66 GeV/c. 

We suggest here that this peak is due to an intermediate 6-N state in 
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S- wave (See Table II) and therefore for angul ar momentum , parity 

conservation in the 6N ~ NN trans ition and Pauli principle in the two 

+ 
proton final state, it has to be a 2 state . 

Before starting the discussion of this hypothesis, one has t o 

recall that this enhancement was seen for the momenta of the s pectator 

> 250 MeV/c and therefore it seems to be t he main cause of the high 

momentum tail in the spectator distribution . The hypothesis of the n N 

virtual state was actually borne out from the channel dependence of the 

tail(6 '7 ~ even b efore the discovery of the peak in m, • • The high 

momentum tail has been thoroughly discussed in the l iterature in the 

framework of multiple scattering theory by Wal lace(a )a nd Golovin 

et al . (·~ i n connection with the experiment D(p , 2p)n by Perdrisat 

et al . (~) , but the gap between experiment and theory is still present, 

. (. ) 
even in the sophisticated treatment including spln . The r eason why the 

doubl e scattering is not important on the high momentum t ail , was found 

in Ref . 11; the most likely configuration of the two nuc l eons resulting 

fro~a double s cattering at small t occurs when they recoil 

transversely to the beam and this corresponds to a small r egion of the 

pha se space in the break-up. I n the case of el astic scattering the two 

nucleons must recoil transversely because they have to form the deuteron 

in the fina l state and this explains why the effect is much l ar ger in 

thi s case( ' 2) . 

I n order t o check our hypothesis , we consider the multiple scatter-

ing contribution as negligible background , which is j ustified by the 

above discussion . So the enhancement in m'2 can be described in term of 

a model , inspired by the second Feynman diagram of Table II . For the 

trans ition amplitude Nn ~ NN we use the multichannel K- matrix 

formalism('~: channel (1) is NN , L=2, S=O and channel (2) is nN , for 

L=O and S=2. It s expression is 
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2 
-q 1 M 1 2 

T'2 = --------------------------------------- ( 2) 

/ 
1 2 where q, are the C. M. momenta and M .. = 1 A .. + -2B .. q . O .. 

~ lJ lJ lJllJ 
in the 

effective range approximation . While for the channel (2) this approxi,.. 

mation is justified , being q2 ~ 0, for the channel (1), it is meant, 

only, as 2° order polinomial approximation for the 
5 

q cots, in the 
1 

region of interes t. For the deuteron vertex we use the connection to 

the non-relativistic Hulthen- wave function(14) • To the rr vertices, 

and propagator, we substitute the experimental value of the differential-

- cross section for the real process pN ~ n6 : this drastic simplification 

is possible, if we consider the vertex rrN6 as slowly varying function of 

internal variables as compared with the deuteron wave function. 

The diagr'alll can be computed anali tically in the non relativistic 

limit for the ll-propagator and the result for the cross section is 

da 
-- = d.rs:; 

x 

where 

mb 

,,(s , m2, /,\ 2) 
o 

M H2 

2rr 

(s ,-4m2 )S 1 I I 
( -b t+ - bx .15) e - e q, 

b 

AX = J£-2 +lrm6 \ ,/ 'x 2 +iX+t..y2 

.; 
2 2 \ da ( 

= k +m - ill , dt pp ~ 6++ n) I exp 

5 
x b 

= 272 
mb 

e bt -,... ___ ....,-,...".. 
(GaV/ c) 2 

x 

(3) 
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M is the deuteron mass and b = 11.8 (GeV/cj2 ; k is the moment~ of the 

proton in the rest system of the deuteron . The Hulthen wave function is 

H 1 
'li(q) = rr,ff (,,2+q2 

1 

The r esults shown in Fig . 1, are i n good agreement with the experi-

ment , in form and i n absolute value. The parameter used ar e A2 2 = 5 F 

and B2 = 1.5 F and ~2 = .4 F. 

Thi s approach can be very useful, for a rough theoretical evaluation 

of the effect , in other cases : however, a more systematic study of the 

spin dependence of the nNlI vertex is needed to study the .angular 

distibution of t he two final protons . To be consistent with the previous 

bt 
treat ment , we check that rr-exchange with a form- fa ctor e explains the 

da ( ++ 15 (* ) experimental values of dt pp -> 1I n) • 

The vertex nN lI, as from Jackson and Pilkuhn( 16), is 

where 

Vs ' 3 
z' z 

U and 

* G u(s ' ) 
z ~ 

u are Rar i ta- 3chvlinger 

nucleon momentum . 

and Dirac spinor s and P~ is the 

In the same spirit of the previous calculation we take the vertex 

function outside the loop integral and we calculate it for zero i nternal 

momentum of the deuteron : a s from the kinematics of Fig . 2, the lI" 
-> 

resonance is r ecoiling al ong the trimomentum transfer 1I . Choosi ng a s 

-> 
z-axis the direction of 1I, all the matrix elements vanish except 

V:':1/2':':1/2 ' so that the angul a r dis tribution in the C.M. of the two 

proton system is 

(*) The check is done at 2 .8 GeV/c and the result is scaled dovrn at 

1. 65 GeV/c , using the q- 2 3- 1 dependence of the cr oss- section. 

1 ' . 



- 7 -

da 2: ----*- '" IY2M' 
d cos {j 

* 2 
(cos {j ) I * 

M 

M' 

I \VS ' S L., z z 
s 'S 

z z 

<1M I1 /2 s ' 1/2 s ><3/2 S 1/2 s 1 2M ' > I 
z z z z 

Iv 12_ 5_ (1 +3 
= 1/2 1/2 161T 

2 
COS * {j ) . 

2 

= 

(5) 

The compari son of this prediction with the experimental results in 

Fi g . 3, shows t hat our hypothes i s survives the crucial test of t he 

angular distribution . We recall that a consequence of our hypothesis is 

that the final state of the two protons is a pur e + 
2 state . 

It is worth recalling briefly that a simi lar situation occurs for 

t he reacti on K D ~ 1T- Ap , when only high momentum spectators and forward 

a ngl es for 1T are considered . As from Fi g . 4 , there i s a sharp peak 

i n the Ap mass distribution , at the EN treshold : as i n the previous 

case it can be described by a virtual EN state ( ' 7) • However , i n this 

C'ase the spin of E is 1/2 , like the A, and we expect therefore an 

~ = a state , for the Ap system, This i s confirmed by r ecent data by 

Hepp( ' 8) , shown in Fig . 5. There we can see that the forward- backward 

asymmetry is becoming very small in correspondence of the peak . 

"" z . ",,- __ h57 • .,;,. 
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TABLE I 

Nuclear Nuclear Transition 
Exchange 

(J~ T) -+ 
I 

Operator (JP , T') 

Isoscalar (0; 0) -+ (0; 0) 
1 

0+ 1 , 2+ meson (w,~,f) -+ (2; 0) , 

Isovector (0; T) -+ (0; , T) 

r 0+ 1 ~ 2+ meson (~ ,A.) -+ (2; T) , 

T -+ T :': 1 
z z 

analogue states 

rr (0; 0) -+ (1~ 1 ) 

II 
giant resonances 

Isoscalar (0; 0) -+ (1; 0) 

a - + 0, 1 meson ('I, 'I ') 
lI!ag. coupling of 

1 meson (w) 

I sovector (0; 0) -+ (1"!" 1) 

ar· O~ 1 + meson ( 7T) (1; 0) -+ (0; 1) 

mag . coupling of ( ~) -+(2:1) 

Isospinor (1 ;0)-+ (1; 1/2) 

1+ * 0, meson (K ,K ) 
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T ABLE II 

(J~ T) Dynami cs Kinemat i cal m Region 1 2 

h~ Low t 

~2m (0 ~ 1) Low Spectator (J - Momentum 

-<LV£' 
Low t 

! 
~+mll ( 2; 1) ~J Hi gh Spectator 

.Momentum -

Isovector and spin flip transitions in deuteron break- up 
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Figure Captions. 

Fig. 1. Mass distribution of the two protons in the charge exchange 

reaction pD ~ n(pp) at 1 . 65 GeV/c incident proton momentum. 

The experimental data are from Ref . 7. 

Fig. 2. Kinematics, spin notation of the final state interaction diagram. 

Fig. 3. Angular distribution of t he two protons in their center of mass. 

The experimental data are from Ref. 7. 

Fig. 4. Mass distribution of the Ap system in the reaction K D ~ rr-(Ap) 

at 700-850 MeV/c. The figure is taken from Ref. 17. 

Fig . 5. Forward-Backward asymmetry for the angular distribution in the 

C.M. of the (Ap) system as function of the invariant mass. The 

data are from Ref . 18. 
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