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(1\ 
Recently, Byers and Yang ; have proposed a 11 Coherent Droplet 11 model of 

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

explanation of charge exchange TI - 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 energy. We discuss the t-dependence of the 

differential cross-section in the reactions n: + p --.::;;.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 internctions implies that the 

differential cross-section for all processes has a t-dependence similnr to that 

of elastic sc2ttering and essentially energy-independent. As reported in the 

preceding Letter, the experimental cl a ta seem in general to support this. 

Vnriations of the slope from that of elastic scattering cc;n1 be qualitatively 

understood by considering the internal structure of the boson resonances produced. 

In the Coherent Droplet JVIodel 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, 

X + Y ---:i.X + Y and C + D --~C + D. Therefore, tho Coherent Droplet JVIodel 

relates tho range of the interaction in the inelastic two-body scattering to 

thc'1 t in the elastic scattering be tween 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 ue essentially the same. Let us remark the_. c the range of the _nter­

action in elastic scattering· is related to the radii of the colliding droplets 

by the approximate formula 

(2) 

where R is the rong~ of the interaction and r 1 , r 2 are the radii of the 

colliding particles( 2) Assuming the.t r;iost of the strongly interacting particles 

and resonances have essentially the same ;3ize (which is of the order of the range 

of the nuclear forces, i ... e c where m is the pion mass), v-re come to the 
m n 

conchrnion that the elastic TI' t . scai:; ering between all pairs of known strongly 

interacting particles h<'lS to have approximately the same range of interaction. 

From what we have said before, it follows that also all inelastic two-body pro-

cesses involving these pRrticles have to have essentially the same range of 

interaction as the elastic l::lrocesses. 

This implic2tion of the Coherent Droplet I>lodel has strong experimental 

consequences. In fact, the interaction range is simply related to the momentum 
dependence 

transfer/ of· the corresponding differential cross-section. If one neglects the 

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

" _ l1"d .£n. (9,_0J.d tj». 
q, .:::::: dt 

. t=O 

(3) 

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

) t(4)_ plot of ,,€,n (da/dt versus 

This relation.between the t-dependence and the range of the interaction, 

as well ns .our preceding con.siderations imply that, at high energy, the logari th­

mic slope of the differential cross-section do/dt should be, in the small 

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

This consequence of tho Coherent Droplet Model is rather well confirmed by 

the experimental data. 'I'he t-dependence of the cross-,.sections in the inelastic 

two-body proces:cies has been inves recently by the Aachen-Berlin-CERN 

collaboration for 11+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 ndence which for 0,1 <t < 0.6 is very similar to 

that of the lastic p scattering. very small t region jtj~O.l (GeV/c) 2 

must be disregarded as the effects of spin-flip and finite 11id th of the re so-

nances are expected to modify the of the cross-sectionJ There are, however, 

two exceptions : the slope of the differential cross-section for the reactions 

+ 
TC p ---:). Y] 

and + 
TC p --~ (JJ 

(4) 

r 5 \ 
\ I 

is mu~ch smaller than tl1at of the ot11er reactions, su.ggesting tb.ercforo a srnaller 

interaction range for these processes. It is a purpose of the present paper to 

discuss these results in terms of the Coherent Droplet Model. 

:B1rom the point of view of the Coherent Droplet Hodel, 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 c_:;hould have the same range 

as that of elastic The second possibili which we 11 follow 

here, is to admit that the Coherent Dro t i~Iocfol does apply also for the 

reactions (4) and (5), It follovrn then that the r::;i,nge of tho coherent inter-

action of th2 11 and w mesons with nucleon and has to be small. Since the 

rango of the coherent interaction is related to the radii of the particles, it 

follows that the radii of r1 and w are small compared to the typical radius r 
0 

of a strongly interactinc; ncoherent Droplet 11 • It is easy to see, from the 

formula (2) that the clJ:Y'£,llest r::mge of tho iEteraction is reached if the radius 

of n (w) --~ 0( 6). The logarithmic slope of the cross-section is then two 

times smaller than that in np elastic scat 

formula (2), we havo 

') 

Indeed, according to the 

( 6) . 

The R.H.S. of Eq. (6) equals re. for elastic np scattering, If the radius of 
o r2 

the one of tho inter.,_cting particles --..,.-> 0, the R,H.S. becomes _;,2_ • 
2 

It is also interesting to note that the limit is approached rnther fast. 

For r /r 
11 0 
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The data of refer0nca ( ) definite evidcmce that the t-dependence in 

the reactions (4) f:com that in the elastic np scattering. 

However 7 in ,jur tlrny .::;,re accurate enough J give quanti tat re 

information on the rf:ll1GG of -'cho interf:lction, especially if one takes into account 

the range can be 

calculci.ted fro'n another recc:it rrr8Li3ured reacti)n, namely ' ( 7) 
n p --> rin • Tho 

logarithmic slope of is very close to half of that found in elastic 

scattering, Ve consider this result o.s 2.r" indic2tion that the process is due to 

coherent excitahon" 

It remains to be explained the r2dii of ri and w aro small compared to 

the typical radiu::s of interacting particles. We would like now to 

speculate on that sub;jec-+;, If the rosonancG ic' o 0ort of 11 dropletii, one is 

inclined to relate its r:L3e -~c, i~~ st2bi.:U.ty the smaller tho radius, the more 

stable is the droplet. 'Chis rel2tes the size of the resonance to its 

life-time, i.e. to its 1Jidtl10 Cr:o expects the narrow ::::'esonances to have :Jma1lor 

spatial dimensions ·foc.~1 the he' '.)O.d oner .. 

To foriri, we 2ssume that the forces whj_cl1 

keep the different parts of ·t;J.10 <1.::o cm:: be represented by a 

potential of the fm'ir tTl tl'..e We will show that, in this model, 

the two known effects to the reduction of ·Ghe resonance \vidth imply also 

a recluc ti on of it c:: :3p 

There c:re twc crn2. l--know~1 ;~c clw::iisms which car reduce the width of a 

resonance. One of thorn :L:1 :c: :c·ecJuctio:r of the se--space available to the d::;:;o.y 

by conservation lows f oroid tto into o s,;1all number of particlc:;ec::. 

The c:econd one is that, if tne:ce is ::i_ oroito.1 o.ngular momentum, the vTidth 

is reduced beceuse of ·l;he ;cd;roDg barrier. These two effects explc.in, 
( 9) . 

as shown by Feld· , the difference betwecm the uJ and p width. It seems quite 

plausible that the seconC. ei'f'e(, J,. c1_111 E~ccount also for the difference betv;eon the 

widths of the A, and 
.L 

If the width of a re2onance is reduce;i any of those effects then, in ou•: 

model, also its a. . 
~J_rne nsi on~~ c:.re reduced, Tbe dirn.inu tion of the available 

phase-space is described j_n this rr,odel tho decrea;30 of the distance of thE'; 

resonant level from tho vo.luu oi' the energy for r --·.>- co . For any reasonable 

shape of the potential, this effect will move the resonant level to the .cegio:'.l 
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where the size of the potential well (which represents the size of the resonance) 

is smalle)lO). The presence of the large orbital angular momentum requires the 

existence of an additional potential of the form A/r2 due to the strong centri­

fugal force. It is clear that this term has th0 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 Y)' w, 11 f and 0 resonances have to be rather small 

objects( 12 ~ A2 is probably larger, but still smaller than p, +· 
Al and B. 

J. ' 

Correspondingly, the forward peak in the reactions 

n: + p ---;>(r1, w, r1 1 or¢) + or N:i:) (7) 

has to be approximately t'wo times wider than that in the elastic n:p scattering. 

The measurements of tho t-distribution in n:p interactions with two-body pro­

duction of YJ 1 and 0 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 bG violated to some extent. The most important one 

seems to be the influence of the absorptio:..1 which, as is well known, tends to 

increase the slope. 
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A possible tion if tha 

uncertainty principle 
1 

r : 2r > 
n n '-' m 

n 
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