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Following the idea that the electromagnetic and nuclear distributions behave similarly
for large momentum transfers we examine the possibility of relating the deep inelastic
electron scattering to large—momentum-transfer and high-energy inelastic proton-pro-

ton reactions.

A remarkable property of the elastic p-p scat-
tering is that in the large-momentum-transfer
region the differential cross section behaves
similarly to the fourth power of the electron-

scattering form factor,? i.e.,

do _ @> <1>“ 4 2
dt—<dt A\ Gy'(t), t<M? (1)

where ¢ is the momentum transfer, G,(f) the pro-
ton magnetic form factor normalized to the total
magnetic moment u=2,79 at £=0, and M the
nucleon mass. As an explanation of this fact,

Wu and Yang® have proposed that in the large-¢
region the nuclear matter distribution is essen-
tially the same as the electromagnetic distribu-

tion and that in elastic p-p scattering one has the
overlap of the two proton distributions giving
rise to G,*(#) in the scattering matrix element.
Abarbanel, Drell, and Gilman® have suggested
an even more specific mechanism for this large-
t region, in which the scattering is deemed a con-
sequence of an effective local four-fermion vec-
tor (or axial-vector) coupling with the universal
form factor G,*(#). Should these descriptions of
the elastic p-p scattering be valid then we may
easily extend their scope to make a direct com-
parison between the deep inelastic electron scat-
tering and the inelastic p-p scattering which es-
sentially amounts to replacing each elastic factor
Gy %(#) by the inelastic strength factor VW2,
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The process we envision is the reaction (a)
pr+by~ T+ T, (2) g

|
!
where the hadronic state I'; is a collection of )
particles that kinematically can be associated o
with p,, and similarly the hadronic state I', can 2 g
be associated kinematically with p, as illustrated
in Fig. 1(a). Further, the momentum transfer
|P, ~Pr |?=t is to be outside the diffraction re- & (b)
gion and reasonably large, i.e., £>M? so that il
we may apply directly the proposition that the
inelastic p-p distribution should imitate the deep- Pz
inelastic electron behavior. Thus we envisage a
kind of two-fireball production but in a region of FIG.1. (a), (b) Diagrams showing p—=p inelastic reac-
large £. Since the two groups of particles are to tions and quasielastic reactions, respectively.
be well separated we assume that the resulting
final-state interactions have already been included by introducing the inelastic electron strength fac-
tors at both vertices.

Hence the cross section for process (2) can be expressed as an extension of Eq. (1) and we have in
this case

do MZ) Oy, (2 2
m%* Wi O W™ (12009, (3)

where the tensors® W, are defined as
Wpu(l) = Wl(l)(gpu"quv/qz) + Wz(l)[Ply"(P1‘I)Qp /qz]'.Plv_(P1Q)qu/q2],

and W,,® with P,~P, and ¢=P,~P,. The quantities m, and m, are the masses of the states I, and
T',, respectively. In our application here we will restrict their values to m,, m,>2 GeV so that we are
outside the dominant resonance region where the inelastic electron functions are especially simple.*

If the interaction were due to a four-fermion vector (or axial-vector) coupling, as proposed for the
elastic case, then the constant C would be given by C =(1/u)%d0/dt),;=,. Below we show that with this
substitution integration of Eq. (3) leads to a total cross section which is quite compatible with present
experiments and, as such, process (2) should be investigated in more detail.

Nevertheless, since it is not known how the strong interactions could conspire to produce an effec-
tive vector (or axial-vector) coupling, it is also possible that the coupling strength has different val-
ues for the elastic and inelastic cases, respectively. Alternatively, we may argue that even if the
idea of an effective universal vector interaction is not valid, the resultant overlap for the inelastic p-p
distributions should follow the inelastic e-p distribution (analogously to the elastic case). In this case
an expression essentially given by (3), as well as (4) and (6) below, would be the relevant description
without, however, a predictable value for the constant C.

Supposing (3) to be applicable, then with the known* behavior of the inelastic electron strength func-
tions we predict interesting distributions in the mass and momentum transfer variables in p-p inelas-
tic-scattering reactions. To this end we use the Stanford Linear Accelerator Center® data on the ratio
of the longitudinal to transverse virtual-photon cross sections which yield that

WIZ‘(VWZ)V/quly V:Pq,

and hence,
do 1 1 (m2+t)(m2+t)>
b (1) (2) 2 3 4
dm 2dm 2dt Clv, Wy D) (v, W) <(1'n32 +H(mlE+t) st 25242 ’ (4)

where v,=(p,9), v,=(,q), s=(p,+p,)% and t>M?, Thus we expect that, independent of the numerical
value of the constant C, Eq. (4) [and (6) below | predicts a very definite behavior of the differential
cross section in mass and momentum transfer.

If, in fact, YW, were to remain finite as v and ¢t ~s and s —, then (4) would lead to a total cross
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section rising as s which we take to be theoretically unacceptable. On the other hand, we observe that
the function in brackets in (4) is dominated by low values of mass and ¢ so that we may estimate the
cross section by restricting vW, to have the constant value* vW,=0.3 up to m, 2=~ 20 GeV? and £~ 20
GeV?, and zero beyond this value. (At s =60 GeV? allowing complete constancy of vW, changes the nu-
merical value by only 10 %.)

In Fig. 2 we show the numerical value and s dependence of the total cross section resulting from in-
tegrating (4),° with the constant C permitted the elastic value C =(do/df),=,(1/1)% Even the asymptotic
value of approximately 2.6 mb for the net cross section is seen to be permissible when compared with
present p-p inelastic data.

For a possible direct comparison we compare our values with the recent experiments? on the reac-
tion

p+p =p +X, (5)

where X is an unobserved inelastic state. This example is process (2) envisaged with one of the states
I, consisting of just the elastically scattered proton as shown in Fig. 1(b). In this case the correspond-
ing Wz( 1) would be replaced by the factor G,*(#). For this quasielastic process, and with the same as-
sumption on W,® as in (4), we have

d2o d2 S 2)2 —t 2__ 122

dm 2at B 23(3—‘117”2)112 (s +m?=m?) dptzgpL =CIGM2(t)(VW2)§~:—2( 2mt)+ z-ri('lsf)t-nﬁ‘l ) ’ (6)
where m is the nucleon mass and where p,; and
pr are the transverse and longitudinal compo- ' above experiments’ shows that in the narrow re-
nents of the outgoing proton momentum in the gion where Eq. (6) is applicable the numerical
c.m, system. Using the elastic value of C’=(1/ values are in rough agreement.®
w*do/dt) ;=o, Eq. (6) can be compared with ex- We note that our local four-fermion interaction
periments” of type (5) with the supposition that should correspond to isoscalar exchange since
the outgoing proton suffers the elastic-scattering for large momentum transfer the differential
vertex as in Fig. 1(b). For this comparison not cross section for pn —~pn is the same as pp —pp.°
only should the momentum transfer be greater This condition applied to the elastic reactions
than 1 GeV?, but, more important, the energy implies that Gy(p)/ i, = Gy(n)/L,, and similarly
loss to the scattered proton must be chosen to for the inelastic reactions that W,(p)/u,%=W,(n)/
be sufficiently small in order to assure that it i,2. Both of these results are in reasonable
be associated with a purely elastic vertex. A agreement with experimental data.'®
rough criterion for the proper energy-loss situa- More detailed experimental’? comparisons with
tion to prevail is that the fraction of energy lost the kind of distributions considered here would
be smaller than the fraction of energy needed to be of great value especially in view of the already
excite the nearest inelastic state, i.e,, AE/E existing similarity between the elastic e-p scat-
<AM/M=1/1. Applying this criterion to the tering and elastic p-p scattering.

Useful discussions with Professor J. S, Bell
and Professor P. T. Matthews are gratefully

i A ' "] acknowledged.
40 -
32 F b
o 1 J
ib:- 24 | a
1.6 + -< *Work supported by the U. S. Atomic Energy Com-~
os L ] mission.
ol o . ] 1J. S. Guggenheim Fellow.
o 100 500 800 1000 'T. T. Wu and C. N. Yang, Phys. Rev. 137, B708
S —Gev?2 (1965).
’H. Abarbanel, S. D. Drell, and F. Gilman, Phys.
FIG. 2. The integrated value of Eq. (2) subject to Rev. Lett. 20, 280 (1968), and Phys. Rev. 177, 2458
VW, =0.3 for 4 GeV2<m,?, m;?<20 GeV?, and 1<¢<100 (1969).
GeV? and zero outside these limits. %S. D. Drell and D. Walecka, Ann. Phys. (New York)

1685



VOLUME 25, NUMBER 24

PHYSICAL REVIEW LETTERS

14 DECEMBER 1970

28, 118 (1964).
M. Briedenbach et al., Phys. Rev. Lett. 23, 935
(1969).

SR. Taylor, in Proceedings of the Fouvth Internation-
al Symposium on Electvon and Photon Intevactions at
High Enevgies, Liverpool, England, September 1969,
edited by D. W. Braben (Daresbury Nuclear Physics
Laboratory, Daresbury, Lancashire, England, 1970),
p. 251.

SThe integration on m3 4 starts at 2 GeV. If this low-
er limit is increased then there is a slight reduction in
the cross section. For example with min(ng, my) =2.4
GeV, the cross section at s =60 GeV? is reduced by ap-
proximately a factor of 2.

. V. Allaby et al., CERN Report No. 70-12 (1970);
M. A. Abolins, G. A. Smith, Z. M. Ma, E. Gellert, and
A. B. Wickland, Phys. Rev. Lett. 25, 126 (1970).

8Equation (6) may also be compared with experiments
when the state T’y is a specifically observed nucleon
resonance. For example, data for the reaction pp
— pN*(1688) [E. W. Anderson et al., Phys. Rev. Lett.
19, 198 (1967)] can be compared with the inelastic-
electron-scattering data for resonance production given
in Refs. 4 and 5. Since only W and not W, is measured
by the inelastic experiment a rough comparison can be

made, for example, att=1.7, s=60 GeV? then Eq. (6)
with W set to zero predicts a value of pp— pN*(1688)
which is about three times smaller than the elastic pp
reaction in good agreement with the above data of
Anderson et al.

7. Cox, M. L. Perl, M. N. Kreisler, and M. J.
Longo, Phys. Rev. Lett. 21, 645 (1968).

10y, Bartel et al.,, DESY Report No. 69/34. See also
J. Rutherglen in Proceedings of the Fourth Intevnation-
al Symposium on Electvon and Photon Intevactions at
High Enevgies, Livevpool, England, September 1969,
edited by D. W, Braben (Daresbury Nuclear Physics
Laboratory, Daresbury, Lancashire, England, 1970).

g, D. Bloom et al., Stanford Linear Accelerator
Center Report No. SLAC-PUB-796 (1970). See also
E. D. Bloom and F. J. Gilman, Phys. Rev. Lett. 25,
1140 (1970).

2por the proposed colliding-proton-beam experiments
we would expect the two-fireball structure at large ¢
readily separated. The weak dependence on ¢ would
manifest itself as a weak dependence on the colliding~
beam energy for a fixed production angle. This should
be observed so long as ¢t remains at least within the
range already explored by the deep~inelastic-electron-
scattering experiments.

ERRATA

EXPERIMENTAL OBSERVATION OF A PRE-
DICTED EXCHANGE RESONANCE IN %He +*He
ELASTIC SCATTERING. Ronald E. Brown, E, E,
Gross, and A. van der Woude [Phys. Rev. Lett.
25, 1346 (1970)].

We sincerely regret that we neglected to men-
tion the earlier work of G. M. Temmer [Phys.
Lett. 1, 10 (1962), and in Proceedings of the
Conference on Direct Interactions and Nuclear
Reaction Mechanisms, Padua, Italy, 1962, edited
by E. Clementel and C. Villi (Gordon and Breach,
New York, 1963), p. 376] in which he suggested
the possibility of resonant transfer processes in
nuclear reactions. His suggestion was based on
the known occurrence of resonant transfer of
electrons in atomic scattering.
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PION-NUCLEON CHARGE-EXCHANGE SCAT-
TERING. Bipin R. Desai, Peter Kaus, Robert T.
Park, and F. Zachariasen [Phys. Rev. Lett. 25,
1389 (1970)].

In case (ii), page 1391, the value of i, was in-
correctly printed as —0.088 mb BeV. The cor-
rect value is —0.88 mb BeV.
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