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The analysis of interferences between nucle-
ar and Coulomb scattering in pp and pd colli-
sions has become an important means for ob-
taining information regarding the real parts
of the nucleon-nucleon (NN’) elastic-scattering
amplitudes.!’? Several experimental and the-
oretical studies of small-angle high-energy
scattering by deuterons have been recently car-
ried out.!"® The theoretical analyses are based
upon the Glauber high-energy approximation®*
and have treated both single and double inter-
actions. Such investigations are also of cur-
rent interest because of questions recently
raised’ concerning the applicability of this ap-
proximation to high-energy scattering by deu-
terons, and the suggestion’ that double inter-
action effects may vanish much more rapidly
at high energies than is inferred from this ap-
proximation. Recent calculations® have indi-
cated, however, that even for incident momen-
ta up to 18 BeV/c this approximation yields
results for deuteron total cross sections which
agree fairly well with measurements. In this
note we compare the theory with high-energy
pd differential cross-section measurements of
elastic scattering (do/dQ)el and of the sum of
inelastic (i.e., p +d —p +n +p) plus elastic scat-
tering (do/dQ)Sc. Since we shall consider small-
angle collisions, we shall explicitly include
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the single and double scattering effects due to
the Coulomb interaction.

By means of the closure approximation, (do/
dQ)gc may be approximated by® the expectation
value of the squared modulus of an operator
F(q,8) taken with respect to the deuteron ground
state, (do/dQ)g=(IF(@,8)P), where 7q is the
momentum transferred by the incident particle
and § is the projection of the internal coordi-
nate T of the deuteron on the plane perpendicu-
lar to the direction of the incident beam. The
differential cross section for elastic scatter-
ing is given by (do/dQ)g;=1(F(q,8))l’. Inthe
Glauber approximation F(q,3) takes the form

F@,s)= (ik/zn)fe’q'brtot(ﬁ,E)d(z)b, Q)
where the integration is over the plane of im-
pact parameters b perpendicular to the direc-
tion of the incident beam. The function it
is given by

rtot(B’ s) = l-exp[ixn (b-5/2) +ixp ® +§/2)], (2)

where y,, and Xp represent phase shifts produced
by the neutron and proton in their instantaneous
positions.

To exhibit the effects of the Coulomb inter-
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action we write for b which does not greatly exceed the range
(—) “Xe ®) +X (+) 3) a of the nucleon—incident-particle strong inter-
action plus the average n-p separation r; in
the deuteron. In addition, for »>a +7g4, both
I, and T'ps are negligibly small and therefore
do not contribute to the integral (1). Thus for
calculating differential cross sections it is a

where x~ (6) is due to the Coulomb interaction
alone and Xps (b) is attributed to the pp strong
interaction. Putting

I‘j(B) = l—exp[ixj(f))], j=C,ps,n, (4) good approximation to replace the last three
terms in Eq. (5) by exp(le)l"ps +explixg)T,
we have the identity +exp(zx3)1"ps n» Where the constants y;, X,,
(B,g) -T (B+§/2)+exp[ix (B+§/2)] and y, are appropriate “average” values of XC-
C C For example, x, is given by
X[ ®+s/2)+T (b-s/2 = @) 2)
[T, (B+s/2)+T, (b-5/2) X f"crpsd b/fl“psd b.
—Fps(E +§/2)I‘n(5—§/2)]. (5) We may express T, T’y , and I' as Fourier
transforms of the pn and pp strong-interaction
This identity is to be used in Eq. (1). For high- elastic-scattering amplitudes f,, and fpg, and
energy pp scattering XC(O) is typically small® the Coulomb-scattering amplitude for the pro-

and xc(b) varies slowly over a range of values ton fc, respectively, and obtain for (do/dQ)gc

| and (do/dQ)el the following relations:

(@o/d9) =l exp(~iG-8/2)[f @ +explix,)f, @]+ exp(G3/2 +ix,)/, @ + i/2nk) explix,)
xJ exp @ )f, @/2+3)f, @/2-8)a Vg ), (6)
@o/aQ) ) =15@/2)[/ @ +explix,)f, @] +5(-4/2) explix,)f, @ +(/2nk) explix,)

x [s@r, @/2+8)f, @/2-8)d Vg P, )

where S(G) is the form factor for the deuteron '

ground state, S(@) = (eta-Ty. lations of (do/d)ge at 19.3 BeV/c. Of the

We have calculated these cross sections using other ten values, seven were taken from mea-
the form f; @=¢ +a)(k0 ./4m) exp(-Aq?/2), surements?3:1%!1 gt momenta within +0.2 BeV/c
where j = n ,Ps, and usmg S(q) derived from of the desired momenta, and the remaining
the representation of the deuteron wave func- three from measurements'*’'? at momenta with-
tion given by Moravesik.? No complete set of in +1 BeV/c.
measurements for g,, opg, @, A4, and do/af)e1 In Fig. 1 we show the calculations for (do/dQ)g.
is yet available at a given nucleon momentum. at 19.3 BeV/c as a function of —¢, the negative
In calculations, therefore, it may be necessary of the squared four-momentum transfer, to-
to utilize as input data measurements made gether with the data.! The measurements pre-
at slightly different momenta. For each of the sent clear evidence for the influence of double
eight incident momenta considered, the values scattering and indicate a rather large effect.
used for a, o s and A were taken from pp The calculated scattering cross section, se-
measurements and the value used for g, was cured by integrating (do/dﬂ)sc without the Cou-
taken directly from np measurements or indi- lomb interaction, is 20.6 mb when double scat-
rectly from pd and pp measurements. More tering is neglected and 18.0 mb when it is not
specifically, we have used the values given neglected. The measured value® is 18.0+ 0.6
in Refs. 1, 2, and 3 which were obtained from mb.
or employed in their analyses of their pp and In Fig. 2 we compare calculations for (do/
pd measurements. This determined 22 of the d ltl)el at several momenta with measured val-
32 values used, including all four in the calcu- ues® and with fits® to more recent measurements.
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FIG. 1. Differential cross sections for pd elastic
plus inelastic scattering as a function of the squared
four-momentum transfer £, at an incident proton mo-
mentum of 19.3 BeV/c.

In Table I we compare data for integrated pd
elastic-scattering cross sections gg] with the
calculated values for which double scattering
is treated and those (in parentheses) for which
double scattering is neglected. The data in
this table are from Ref. 2 except as noted.

Our calculations contain no adjustable param-
eters. We have used the high-energy approxi-
mation together with NN’ data as input and have
made predictions which we see are in good agree-
ment with pd measurements.

Table I. Elastic pd scattering cross sections Oel-
Values in parentheses are calculated with double scat-
tering neglected.

Momentum o ., exptl o ., calc
el el
(BeV/c) (mb) (mb)
2.78 9.5 +£0.7 10.1 (12.3)
4.85 9.9 £0.8 11.1 (13.4)
6.87a 9.5 £0.7 9.5 (11.3)
7.08 8.41+0.73 8.23 (9.89)
8'89b 9.5 0.7 9.4 (11.1)
9.09 9.74+1.10 8.46 (10.16)
10.90 9.3 0.7 9.3 (11.1)
#For the angular interval 1.5° <6, ., <7.5° (Ref. 3).

For the angular interval 1.3°<6, ., <10° (Ref. 3).
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FIG. 2. Differential cross sections for pd elastic
scattering between 2.78 and 10.9 BeV/c. Measure-
ments® (@,M) and fits? to measurements (dash-dot
lines) are compared with calculations which neglect
(dashed lines) and which include (solid lines) double
scattering. The points (M) for the momentum 4.85
BeV/c are from measurements? at 4.67 BeV/c.
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Great interest attaches to the prediction of
the form factors F(s) and F _(s) for the K;3
decays since experimentalists are finding quite
a variety of energy dependences and £ values
for the neutral and charged decay modes.*
Recent calculations of these form factors on
the basis of the algebra of currents? have ei-
ther related® [F, (mg?) +F _(mg?) toK, o de-
cay, or have predicted a value of F_(0) in terms
of the K*, p, and k meson widths. In this note,
we apply the current algebra and dispersion
techniques* to a direct calculation of F +(s) and
F _(s), and fix the absolute scale as well as
the energy dependence.

We introduce the K;3* form factors as fol-
lows®:

wla") 1V, (0)) K+ @)

_ nr2y\—1/2
-(44040 V3

x[F (s)@ +q')u+F_(s)(q—q')u], 1

where s = —(@—¢')%. We next define

F (s)=F,(s), (2a)

_ 2_ 2
Fs)=F_(s)+[(M2-M 3/sIF (s), (%)
where now F (s) receives contributions only
from the J =17 states and F(s) only from J
=0" states. These form factors are supposed

to satisfy unsubtracted dispersion relations:

1 * ,ImF (s') ,
Fl(s)‘ﬂ,f(M,pLMK)2 S ST s —ie’ (52)
M_2-M 2
K 1r
Folo)=———F,0
1s°° ImF (s')
T (M,,+MK)2ds s'=s—i€ " (3b)

Following the standard method® for calculating
the absorptive parts and using the K*(891) pole
for F,(s) and k(725) for F (s), one obtains

F+(S)=GK*GK*K"/(MK*2-S), (4a)
F_(s)= M Z_an GK*GK*KW GKGKmr (4b)
=== M M s +MK2—S’
with the following definitions”:
= /
(0!(Vu(0))135K*+(p, €)= [GK*/(ZPOV)l 2]€u, (5a)
(K*+(p, )17, 0(0) |K+(q)>‘ (p=2)2=0
2G
K*K
= —mﬁ(@q); (5b)
+ — /2
<OI(V“(0))13IK (p)>-[Gx/(2p0V) ]p“, (6a)
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