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In models of extended hadrons, in which small bits of matter 
carrying charge and effective mass exist confined within a medium, oscillations 
in thf m.-Jttor density may occur. We suggest a way of investigating this 
[jussibility experimentally in high-energy li.alron-hadron elastic diffraction 
scattering, and we illustrate the effect by examining some existing data 
which might be relevant to the question. 
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It has become common to speak of extended hadrons as objects in which 

relatively small pieces of matter, carrying charge and effective mass (quarks) 

exist confined within a r,iedium called the "glue" (massLess and electrically-

neutral vpctor fields). The medium is assumed to carry some fraction of tha 

energy-momentum of an interacting hadron. In such a system it would be natural 

for oscillations in the matter density to occur. After all, certain oscilla

tions in the matter and electric charge densities do occur in nuclei ). The 

shell structure of nuclei give rise to small oscillatory deviations from 
2, 3,£ 

monotonie charge-density distributions ). Such oscillatory behavior can 

also arise, in principle, from a cohe' ant mode of the neutral pion field 

permeating the entire nucleus ) -the so-called TI - condensate ) which has 

been much, studied recently * * ). Thus, within a hadron, density oscillations 

may occur as a consequence of 1) localization properties of quark wave func-
10 

tions ), and 2) the presence of coherent oscillating modes of "gluonic" 

matter (energy in the fourth components of vector fields ), or scalar 

fields ' )). It is perhaps noteworthy that, in gauge theories , the 

momentum-dependent, cubic self-interaction ^ c vector gluon fields resembles 

the usual P-wsve pion-nucleon interaction ; it is the latter chat can give 

rise to neutraL pion condensation ) in sufficiently dense nuclear matter. 

Recently, there has been considerable theoretical discussion of the possibility 

of coherent modes within hadronic matter, but little discussion of how one 

might try to detect these phenomena experimentally. In this note we suggest 

and illustrate one general way of investigating this possibility experimentally. 

Further, we observe that existing data from first-generation experiments on 

proton-proton elastic diffraction scattering at the highest energies does not 

exclude the possibility that phenomena of this general nature exist. 

If small density oscillations exist within hadrons, then very precise 

measurements of high-energy elastic diffraction scattering might be capable of 

revealing the effect. The smooth part of the diffractive (imaginary) scattering 

amp Ï i tude F(t), as a function of four-momentum transfer t, wi11 be mod ified. 

We may define this modification as an addition AF(t), and express it in the 

impact-parameter representation in terms of an addition, AQ(b), to the 

opaci ty ïi(b) • 



F(t) + AF(t) } = / b db J D(/
rt b) [ o(b) + Aa(b) } (la) 

,. _ . -«(b) (lb) 
where o(b) = 1 - e 

An(b) = e~Q(b) [ AiUb) } 
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The opacity is naturally interpreted ) as reflecting an overlap c f the matter 

distributions of the colliding hadrons whose centers are separated by an 

in.pact parameter b. At a given energy, the observable effect is then, in general, 

a local anomaly in the scattering amplitude near some t = t , and an oscillatory 

behavior in a domain about this point. This follows from the transform of an 

oscillating ^n(b) in eq. (1). In order to precisely illustrate what we mean, 

we consider, as an example, an analysis of the first-generation data ) on 

pro ton-proton elastic diffraction scattering at a total center-of-mass energy 

v'sT = 53 GeV. In fig. la the data for the differential cross section, dd/dt, 

is plotted in ratio to a smooth best fit for do/dt = 7TJF(t)| with F(t) obtained 

via eq. (!) from fî(b) which is taken as the transform of the square of the dipole 

form lac-tor, C(l - t/l") , As remarked in the original experimental paper ), in 

the analysis ), and by Amaldi ) in a summary of the data from the CERN 

Intersecting Storage Rings, there are indications, at the level of a few 
2 

percent, of a possible structure (a local anomaly) near -t = 0.16 (GeV/c) 
and oscillations. The effect can be instrumental ). A second-generation of 

19 
experiments has now been performed utilizing different detectors ). In the 

2 
region studied of -t < 0.10 (GeV/c) , local structure may be present in some 

1 9 
of the- data at the level of a few per cent ) (representing deviations above 

a sûiooth curve of - 500 events out of - 15 000). However again, the effect 

can be attributed to uncertainties associated with the detection instrurcents, 
19 

at least at the present; stage of the analysis ). It appears that experiments 
20 

to date have not been designed to specifically probe possible small structure ). 

It is thus solely in the spirit of examining the possible physics involved 

in such structure, that we have performed a fit to the absolute deviations of 

the data, i(d:r/dt), from the smooth best fit, which deviations are plotted in 
2 I 

fig. lb. We have used a four-parameter ) function of the following form 



Uf) -Af-e'^o) 2* 2

 c o s [R(y-yo)] 

2 2 ( 2 ) 

+ e-(y
+y 0) » c o s [R(y +y o)] } 

where y = /-t , y = /-t . ^ o o 

This function has been used in recent relatively sophisticated phenomenologicai 

analyses of small anomalies in nuclear form factors obtai rrom electron 
3 

scattering ). (The second term gives rise to s function eveu under 

|r| -> -1 r | in the ordinary Fourier transform which is relevant to electron 

scattering). The curve in fig. !b, for the fit parameters given in the caption, 

has a y" = 23 for Lhe 20 data points around the anomaly, where a regularity 

is clearly possible. If we fit all 54 data points, the parameters do not 
2 ^ 

change and the x = 2 per degree of freedom. We note that this is the same 
2 , 1 5 

as the v achieved with the structureless fit ). Simply to illustrate the 

nature of the oscillations, we have transformed the fit for AF(t) into 

b-space by inverting eq. (la). In fig. 2 we plot Aïî(b)/fî(0) versus b, where 

Aii(b) is obtained from Aa(b) using eq. (lb). We observe : I) that the effect 

at b = 0 is only a small fraction of a percent , and 2) that the oscillations 

persist, at the level of some parts in 10 , out to very large b. This is H 

general feature, necessary in order to build up a highly localized anomaly 

in <\F(t). In the context of current ideas about hadronic structure, a coherent 

oscillating mode of neutral gluonic matter, generated perhaps by self-

interaction, would appear to be one possible origin for such unusual behavior 

in the hadronic matter density as reflected in the opacity function. Experimen

tal informât ion bearing upon this speculation would be difficult to obtain, 

except perhaps in this type of experiment. 

Experimental scattering amplitudes and form factors arising from 

other hadronic probes of the proton may be studied for evidence of this kind 
2 9 

nt phenomenon " ) . Diffractive ulast\c scattering would appear to be the best 

place to look, because the overlapping matter densities ar? probed in a 

general manner through che opacity function in the general formula, eq. (1). 

An example of a non-diffractive probe is elastic electron scattering. At 
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moderate1 energies and very small q = -t, the virtual photon behaves like 

neutral hadronic vector mesons. In fact, possible anomalous behavior of this 
23 24 

general nature has been reported ) for the electromagnetic ) farm factor 
near q 2 = 0.15 (GeV/c)2. 

Experimental evidence for the- kind of structure that we. have discussed 

in proton-proton elastic diffraction scattering would clearly be important for 

the general notions involved in quark-glue models of hadrons. In particular, 

coherent effects of the neutral gluonic matter (and the quarks) can be involved 

in these diffractive hadron-hadron interactions, in contrast to the largely 

incoherent processes involved in deep inelastic lepton-hadron scattering. In 

this sense, the two types of scattering are complementary probes. Experiments 

at the highest energies may be preferable, because in this region where 

pionization increases the "glue" may play ap. important role in the collision 

process itself ' ). The empirical tendency of the interaction region, r(s), 

to expand slightly with increasing energy might be reflected in a decrease in 

(/-t0) = (2n/r(s)), causing a corresponding shift with energy in the position 

of the anomaly and in the oscillatory pattern. Judging from experience in 
1 3,4 

nuclear physics ' ) very precise differential cross section me^surenents 

(to < I 7») are probably required. However the cross sections are large, and 

very high statistics are more readily reached than with the small cross sections 

that are involved in probing the proton with leptons. Given the suggestion 

of structure in pro on-proton elastic diffraction scattering, present in both 
14 19 

the first ) and the second-generation ) exper;ment£ at the ISR, any 
further experiments might well be designed to specifically look for this 

phenomenon, which, as we have il lustré» ted, nay be related to current ideas about 

tht- intern.')] structure of hadrons. 

V.v thank U. Amaldi, G. Gocc-oni and G. Tarnopol sky for discussions and 

for information concerning the present generation of very high-energy proton-

proton scattering experiments at small t. One of us (S.B.) thanks Professors 

G.E. Brown and C.N. Yang for discussions and for their hospitality at Stony 

Brook, where this study was begun. 
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Figure captions 

Fig. 1 (a) The ratio of the differential cross section data at A = 53 GeV 
from ref. 14 to the best fit obtained with the functional form 
for F(t) in ref. 15, after our adjustment of parameters to the 
correct total cross section. 

fb) The-results in fig. la are displayed as an absolute deviation of 
the data, AC-;—), from the smooth best fit. The curve represents the 

at r 

best fit to 54 data points around the possible structure with the 
-0 function in eq. (2) (parameters : A = 0.59 ± 0.08 mb (GeV/e) ~, 

y = 0.399 i 0.001 (GeV/c), R = 16.5 ± B fm, ? — 0.45 fm). There 
is clearly a large uncertainty in the possibility of oscillations 
and hence in R-

Fig. 2 Clot of AH(b)/fi(0) versus b. 
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