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Abstract .

We suggest, by looking at pp and =« p elastic data, that the evidence

b
for the ton prediction da/dt ~ s Pf(8) is not.as convincing a renerally

parton p i / (8) g as is g
or . |

. ol - tures
supposed. We also draw attention to the presence of well defiped strgc ur
' .

in (dn/dt)g; #hese may well reveal a strong component of conventional

coherent scattering effects, even at large angles.
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It is usually assumed that in hadron-hadron scattering et large angles
(QCm ~ 90 ), conventional coherent effects (such as say diffraction) are
-émall, and that scattering at these angles is dominated by collisions
between the constituent partons; Seve;al parton theories; have recently
been developed to describe large anglé scattering, one of the most infefesting

predictions being that

da/at ~ s " £(a)

where n depends upon the particular model and tﬁe pafficuiar particles
involved in the reaction. It is generally claimedl that the experimental
data support this prediction. -

in the present paper, we examine in deteil fixed angle differential
cross;sections for pp and ﬂ+p elastic scattering (where-the date are most
plentiful), and make the following observations: (1) The prediction
do/dt ~ s 7£(3) is not well;éatisfied; (2) The data in fact contains
some well défined fine structure (some of which has been known for years); ’
(3) We replot the (dr;-/dt)9 datﬁ in a way which strongly indicates the origin-

of this structure; (L) We conclude that there are substantial (conventional)

coherent scattering effects present even at large angles.

(dn-/dt)q V. ins plots. 1In Fig. la; we have plotted (do-/dt)9 V. 4ns for

. : )
pp elastic scattering2 at fixed angles 9 = 60°, 70°, 80°, and 90 , and in

+
Fig. 1b the corresponding data for x p elastiC'scattering3 at A = 600,

90o and 1200. Because of beam intensity, the pp data is.considerably more

accurate and more plentiful. The following features seem fairly evident

" from the data:
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(a) Neither the pp nor the ﬂ+p data follow straight lines (even if oue
considers only the last few points). Thus (do'-/dt)0 does not go as a simple
power s . | : :

(v) The general curvature of the data is such that rough lines through
phe data are convex up. Thus (dn/dt)g goes faster than a fixed power.

(c) For different angles 6§, these rough fines are not parallel. Thus
the factorization of the s .and 9 dependénce in d&/dt is only rather
approximate. |

' : +
(a) The fixed angle differential cross-sections for both pp and = p

o+ )
are in fact very rich in structure. The x p data has distinct dips,

while the pp data (which also goes out\to much higher energies) seems to
possess a sequence of reasonably well-défined breaks (with convex-up
sections between). We have drawn lines in Figs. la, b to indicate where
these breaks seem to occur.

Mcreover, we havehmade an exploratory examination}of some other
processes (np = 1 p, n p CEX etc.), not shown here. Though the data’is
much less plentiful, the corresponding (dc/dt)9 also indicaﬁe structure.

These observations are quite different from those which have been
made in the past. However, previous plots of the data do of course contain
the curvature and the structure mentioned here (though not easily seen -

sonetimes because of the compressed logarithmic scales used), but these

features seem to have been ignored. We take the point of view that these

featpres are presumably telling us about some reasonably strong component

that is ﬁgesent in scattering at large angles. It seems important therefore,

in view of the present interest in large angle and large p; scattering in



elastic and inclusive processes, to try to determine the origin of this
structure. In particular, what is the correlation between the succession
of breaks in (dn/dt)9 for a given fixed 4, and what is the correlation

between corresponding breaks for different A's? :

(do/dt), v. t plots. It will be noted from Fig. 1 that corresponding

breaks in (dc/dt)9 drift in 2ns as A is changed from one v&lue to another.
This suggests that perhapsthere is another variable where these corresponding
breaks will not drift as & is changed. Such a variable thch brings this
about is t, the momentum transfer squared (6r possibly~even more appropriate
. from what we will say below, the variable /-t). TIn Figs. 2a, b, we have
plotted the same pp,.n+p (dc«-/dt)q dataﬁéuer again, us;ng'the linear

t = —2k2(l - cos §) variable along the abscissa. It is clear that all the
'cofrespondinglbreéks for different 4 line up. T§ emphasize this pdint
further, we have included in Fig. 2a the fixed angle pp (do/dt)gvfor

.‘ Fe o -
Y= uo°, TOQ, and even 3! The 3° curve incorporates the recent CERN

-

"

ISRk Jdata” zat 2Lks, 500, 1070 and 1500 GeV/c equivalent lab momenta, where

Pp scattering is generally believed to be dominated by optical diffraction.

_ . _ A
Where are the breaks? For n p, the dip or break structures observed so

far seen tc be located rather clearly at the following positiohs:
+ : p.
tp: t = -0.6, -2.8, dand -5 (GeV/c) .

For pvp, the breaks seem to us to be located at

2
pp: t= -0.9, -3, -5.5, -7.5, and -10.5 (GeV/c)
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as indicated by the curves drawn in Fig. 2a,

The fact that the various (dr/dt), curves line up with their breaks

at these particular t-values, whatever the angle 3, leads to a rather simple

interpretation of these breaks and to an important statement about what 7is

happening at large (and small) angles.

+ ‘ . '
Previous observations. The x p dips in (dn/dt)Q are of course just reflections

>f the well known structures in (dn/dt)s. (A clear demonstration of these

at L, 5 GeV/c is contained in Fig. la of Barger and Phillips.s) The

breaks in pp(do/dt)q however indicate subtleties in (da/dt)s which are

less obvious6'to the eye. Actudlly some of these breaks in pp(dq-/dt)q

have been known for some time. A bré;k‘aropnd t =~ -6 (GeV/c)Q, or equivaliently

at P?pi a 2,6 (GeV/c)Q, was first noticed by Akerlof, Krisch et a1.2’7, while

more recently, Kammerud et al.’ suggested the breaks at t & -0.9 and —3(Gev/é)2.

‘At the same time, there have been several theoretical proposals to explain

these breaks; we refer the reader to Kammerud et al.2Afor a discussion

cf these,

~

Interpretation of the breaks. We wish to suggest that these fixed angle
breaks are due to familiar coherent scattering phenomena. For the sake
<f sirplicity, we shall interpret these structures in terms of the idealized

gray disk model; the conciLusions are essentially the same even when a more

realistic optical modeld with smooth impact parameter profiles is used.



For scatteri from a gray disk, the main centribution comes from
gray s

diffraction, the diffraction amplitude being of the form

D ~ i. Jy (R/-t)/R/-t
!

If diffraction were important anywhere, that is it is present (possibly

~‘among other contributions) to a significant degree, one would expect to

see its most noticeable trademark, namely Lhe oscillations of the Jl

Bessel function., These oscillations will be fixed in t, or equivalently in

/-t. We suggest that, to a large extent, this is whaE\Wé see in the fixed

angle (d~/dt),. .

~
-

.+ ' :
T D breaks, For an interaction radius R = 0.9 Fermi, the zeros of the Jl

Bessel function occur at t ~ -0.7, -2.4 and -5.1 (GeV/c)Z, which indeed

are very close to the positions of the breaks observed.

-

pp breaks. The break structure for Pp seems to be sllghtly more compllcated

than in the n p case (probably because the data are much better), and it

would seem that a simple diffractive piece i Jl(R/lt)/R/ﬂt alone with

‘R ~ 0.8 Fermi which has zeros at + w -0.9, -3, -6.5, -11 (GeV/c)2

.mov sufficient; one needs in addition a peripheral piece, which is typically

=T the form:i J (R/lt). (A Peripheral piece of this type is of course
1ighly desirable anyway to help explaln the crossover in- Pp, pp (dn/dt
at =~ -0, 2 (GeV/c) The peripheral piece is almost swamped by the

diffractive piece in the forward directions, but for large |t| the two




pieces can become comparable and cause a slightly more complicated paitern

8,9

of oscillations. Our numerical calculations bear this out.

Corrovorative evidence. In a recent experiment at Argonne, Abshire et al,

measured the polarization parameter P for pp elastic Scattering at 12.33
GeV/c out to very large values of the momentum transfer |t| £ 6.5 (GeV/c)2.
This experiment revealed the extremely interesting result that at this

energy the pp polarization has a sequence of double zeros, at t = -0.8,

-2.4, and -5.5 (GeV/c)E. This surprising result is very difficult to
explain in terms of_say Regge theories but is eagily {Efbrpretableg

(in fact it was predicted8) in terms qf a gray disk type of optical model:
taking the diffraction amplitude with ;\(péripheral) flip gmflitude,

one anticipates polarization of the form;TJl(RJﬁt)]Z/R/lt. With R = 0.8

Fermi, one gets double zeros close to the positions observed, indicating

again that the diffractive piece plays & very important role at least out to

/.

4! & 6 (Gev/e)®. ) o - S

Conclusions. v

(1) We have examined fixed angle (do-/dt)Q for both-n+p and pp elastic
scaptering. The gyidence for a simpie law of @he form dq/dt Aos-?f(e) does
not seem to be as convincing as has been.claimed. |

(2) on the other hand, we draw‘attention to the presence of structure
in these fixed angle differential cross-sections, which can all be ;ined

up (whatever the value of €) when (dq-/dt)q is plotted against t.
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(3) In the case of pp scattering, these breaks tie in nicely with the

double zeros of the elastic polarizaticn.ll

(4) The above points (1)-(3) follow from an examination of the data

giggé, and do not depend on any model., We note, however, that all the
observed structures océﬁr at or near the zeros of Bessel functions, suggesting
a substantial diffractive component (and possibly also some peripheral
ccmponent) even out at large angles (e ~ 90°%). It seems reasonable to
| conclude therefore that conventional coherent effects; though small at
| large angles, are certainly not negllglble there {as is usually presumed
~——

to Le the case ), and in fact, are present to a rather noticeuable degree.

This observation may have important implications for other processes,

~.
.

Aéuch as high energy inclusive processes. For example, a well known property
of inélusive differential cross-sections E d30/dp3 is that for larger D,

“the data gets flatter, rather reminiscent of the elastlc PP dlfferentlal
éross sectlons. It w111 be 1nterest1ng to see if it is pOSSlble also to
interpret some of thls 1nclu51ve data in terms of more standard volume and ’
surface phenomena, which are characterized by a geometric interaction

radius rather than by a specific dynamical model.

The author thanks Professor D. B. Lichtenberg for several critical

corents, and Piofessor H. A. Neal for useful correspondence.
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