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high-energy exchange processes, and have showed that the model provides a good

Recently, Byers and Yang have proposed a "Coherent Droplet™ model of
explanation of charge exchange m p scattering at very high energy. In the
present letter the Coherent Droplet Model is applied to the resonance production
in quasi-two-body reactions at high erergy, We discuss the t-dependence of the
differential cross-section in the reactions = + p —~3»A + B where A is the

pion or a pionic resonance, and B is the nucleon or a nucleonic resonance,

A Coherent Droplet Model of quasi-two-body interactions implies that the
differential cross-section for all processes has a t-dependence similar to that
of elastic scattering and essentially energy-independent. As reported in the
preceding Letter, the experimental data seem in general to support this.
Variations of the slope from that of elastic scattering can be qualitatively

understood by considering the internal structure of the boson resonances produced,
In the Coherent Droplet lModel reactions
X+ Y -=>C+D (1)

are described as processes of coherent excitation of an absorptive medium, the
particles involved being represented as droplets of '"nuclear matter", By
"coherent" is meant that the droplets X, Y, C and D interact as a whole, and
therefore the range of the interaction is related to their radii, Obviously,

the same radii of the droplets enter also in the determination of the range of
the interaction in other coherent processes, in particular in elastic scattering,
X4+ 7Y ==X +Yand C + D ~=>C + D, Therefore, the Coherent Droplet Model
relates the range of the interaction in the inelastic two-body scattering to
that in the elastic scattering between the particles which appear in the initial

and in the final states, Byers and Yang consider the case in which the elastic
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scattering of the particles in the initial and final states have essentially the
same range. It is then clear that the range of the coherent inelastic process
also has to Le essentially the same. Let us remark thet the range of the _nter-
action in elestic scabttering is related to the radii of the colliding droplets

by the approximate formula

2 2 2
R = Ty + T, (2)
where R 1s the range of the interaction and ry, T, are the radii of the
colliding particles(g). Assuming that most of the strongly interacting particles

and resonances have essentially the same size (which is of the order of the range
of the nuclear forces, i.e. éL' where m is the pion mass), we come to the
conclusion that the elastic sogttering between all pairs of known strongly
interacting ?articles has to have appro¥ximately the same range of interaction.
From what we have said before, it follows that also all inelastic two-body pro-
cesses involving these particles have to have cssentially the same range of

interaction as the elastic processes, -

This implication of the Coherent Droplet lModel has strong éxpérimental

consequences, In fact, the interaction range is simply related to the momentum
dependence
transfen/of the corresponding differéntial cross-section, If one neglects the

(%) :

spin of the colliding particles, the relation at high energy is

_ {4 Ln (a0/at) R° |
£=0

i.e., the range of the interaction can be calculated from the slope a on the

: (
plot of K (dd/dt> VeIrsus t\4).

This relation between the t-dependence and the range of the interaction,
as well ag our preceding considerations imply that, at high energy, the logarith-
mic slope of the differential cross-gsection 4d0/dt should be, in the small

t-region, essentially the same for all two-body processes.

This consequence of the Coherent Droplet Model is rather well confirmed by
the experimental data, The t-dependence of the cross-sections in the inelastic
two~body: processes has been investigated recently by the Aachen-Berlin-CERN
collaboration for n+p interactions at 8 GeV/c primary momentum(5>. The
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differential cross-section of 6 out of 8 two-body inelastic processes studied in
the experiment show a t-dependence which for 0,1«t <€0,6 is very similar to
that of the c¢lastic n+p scattering,‘i“he very small t region ftl;;o.l (GeV/c)2
must be disregarded as the effects of spin-flip and finite width of the reso-

nances are expected to modify the shape of the cross—section;/ There are, however,

two exceptions : the slope of the differential cross-section for the reactions
+ ¥
T p ~=3n N (4)
and n+p — o (5)

is much smaller than that of the other reactions, suggesting therefore a smaller
interaction range for these processes. It is a purpose of the present paper to

discuss these results in fterms of the Coherent Droplet Model,

From the point of view of the Coherent Droplet Model, such small range of
the interaction in the reactions (4) and (5) can be explained in two ways. The
first possibility is that these reactions are due to a completely different
mechanism, which has little to do with the coherent excitation, If’the inter~
action is not coherent, then there is no reason why it should have the same range
as that of elastic scattering., The second possibility, which we will follow
here, is to admit that the Coherent Droplet Model does apply also for the
reactions (4) and (5). It follows then that the range of the coherent inter-
action of the m and w mesons with nucleon and N% has to be small, Since the
range of the coherent interaction is related to the radii of the particles, it
follows that the radii of 7n and w are small compared to the typical radius ro
of a strongly interacting "Coherent Droplet'. It is easy to see, from the
formula (2) that the smallest range of the interaction is reached if the radius
of 1 (w) ——> O(6>. The logarithmic slope of the cross—section is then two

times smaller than that in np elastic scattering. Indeed, according to the

formula (2), we have 5 5
4y do 1T
a= E? (kin.”“)- = ““"Z“‘“ (6>=

’ dt
- t=0

2 .
The R.H,S., of Eq. (6) equals T, for elastic mp scattering. Ifzthe radius of

4 T
the one of the interacting particles -—-=0, the R.H.S. becomes ;g_

It is also interesting to note that the limit is approached rather fast.
For rn/ro = 1/2 and 1/3, the ratio of the slopes is 0,63 and 0,55, respectively.
PS/5118/mhg
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The data of referencs (5) orovide definite evidence that the t-dependence in

PR

. \ N a e A . . . .
the reactions (4) and (5) differ remarkably from that in the elastic mp scattering,
However, in our opinion, they are no. accurate enough o give quantitat:.ve

information on the range of the interaction, especially if one takes into account

~

the possibility of spin dependence, TFor the case of the 71, the range can be

(7)

calculated from another recently measured reaction, namely =7 p —-=1nn . The

logarithmic slope of do/dt is very closge to half of that found in elastic
scattering. We consider this result as an indicetion that the process is due to

coherent excitation.

It remains to be eiplained why the radii of n and w are small compared to
the typical radius of strongly interacting particles., We would like now to
speculate on that subject. { the resonance is a sort of "droplet', one is
inclined to relate its size to its estability': the smaller the radius, the more
stable is the droplet. This argument relates the size of the resonance to its
life-time, i,e, to its width. Ore expects the narrow resonances to have smaller

spatial dimensions than the broad ones.

To put this idea in & more explicit form, we assume that the forces which

keep the different parts of the droplet together can be represented by a
. o 3 , . S, .
potential of the form given in the Figur ( >. We will show that, in this model,

the two known effects leading to the reduction of the resonance width imply al

a reduction of its spavi. Tloooodoeo

There are twe well-known mechanisms which can reduce the width of a
resonance, One of them ig & reduction of the phase-space available to the decoay
by conservation laws which forbid the decay into a small number of particle
The second one is that, if there ig a large orbital angular momentum, the width
is reduced because\of the strong centrifugal barrier, These two effects explein,

8l
as shown by yeld<( , the difference between the w and p width. It seems quite
plausible that the second effect can account alilso for the difference between the
widths of the Al and A2 resonances ,

If the width of a resonance is reduced by any of these effects then, in our
model, also its spatial dimensions are reduced. The diminution of the available
phase~space ié déscribed in th .é model by the decrease of the distance of the
resonant level from the value of the energy for r --» oo, For any reasonable

shape of the potent iel, this effect will move the resonant level to the region
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where the size of the potential well (which represents the size of the resonanoe)
is smaller<lo). The presence of the large orbital angular momentum requires’the
existence of an additional potential of the form A/i2 due to the strong centri-
fugal force. It is clear that this term has the effect of reducing the size of

the potential well(ll)°

On the basis of this qualitative argument we suggest that there exists‘a
correlation between the width of the resonance and its spatial dimensions, As a

.

consequence, we expect that n, w, n' and ﬁ resonances have to be rather small

2
objeots(l ? A2 is probably larger, but still smaller than p, f, Al and B,

' Correspondingly, the forward peak in the reactions
. *
m+p=>(n, w, n or ) + (Wor ) (7)

has to be approximately two times wider than that in the elastic 7p scattering,
The measurements of the t~distribution in gwp interactions with two-body pro-

duction of n' and ¢ seems therefore to be very interesting.

The simple relations between the slopes of different quasi-two~body reactions
presented here have to be treated only as a first approximation. There are
several reasons why they can be violated to some extent, The most important one
seems to be the influence of the absorption Which; as is well known, tends to

increase the slope.

B
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