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1)

protons by protons up to very high momentum transfer, =t = 24 (GeV/c

Cocconi et al. have measured at Brookhaven the scattering of

2
).
Orear 2 hag pointed out that the cross=section at fairly large angles
(Z30°) can be represented rather well by a universal function of the

transverse momentum of the scattered proton, P, thus

Oj - ° baad °
49 _ 1o=25.47 =p, /0.151 (1)
where do/d0) is in cmz/ster, and p, in GeV/c. The diffraction peak

at small angles can be represcnted by

(e < 20°) (2)

o \2
ds‘__(k‘>tot} It
ded A /

where =t = 2p2(1-cos9) is measured in (GeV/c)g. From 65° to 90° the

crogss=section does not change much with angle but depends strongly on

energys; Cocconi 3) finds that this can be written as
{ - L
g - 10 24,60 R 3. 38w (3)
(A

where w 1is the centre-of-mass energy in GeV, He points out that this
cross=section is approximately inversely proportional to the number of

4)

final states accessible at energy w, as calculated by Fast and Hagedorn 9
N = e3.17(w-1.80) ' (4)

Then the large-angle processes may be interpreted as formation of a
compound state, with a cross=section of about 1 mb, plus subsequent
statistical disintegration of the compound state into any of the N
available final states with equal probability. If (4) is an overestimate,
as it well may be, but if the energy dependence of (4) is still approxima-~
tely correct, the interpretation could still be valid, but with a smaller

cross=section for forming the compound nucleus.
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2.

If this.statistical interpretation of the large angle scattering is
accepted, it is tempting -to interpret the scattering at smaller angles as
a sum of a statistical and a diffraction contribution,; and to assume that
the lat;ir (apart from exchange effects) depends just on t. In fact,

Minami has made a specific assumption on the +t dependence, viz. that
the diffraction part of the scattered amplitude is the sum of two exponen-
tials in t which interfere constructively, and that to. the diffraction
cross~section there is added a statistical contribution depending only on

s, thus 3

2 ‘
= (Ae“t+BeBt> + oY, (5)

ela

We wish to point out that Minami's assumption is not tenable in
view of the experimental data, and that in fact the. cross-section cannot

be written in the more general form

i .2 |
o = f (t)+a(s) . (6)
Before comparing this expression with experimental daté, we want to show
that there is no appreciable contribution from. exchange, If f(t) is the
amplitude for direct scattering with four-momentum change +t, then f£(u)
will be the amplitude for exchange scattering. The maximum possible inter—

ference contribution to d&/dw is then

Int.= 2]|2(t) £(u)]| . (7)

Now to give the hypothesis (6) the most favourable treatment, we shall
assume that f2(t)» is, for moderate scattering angles (say 30-500), as

close as possible to expression (1) which is known to represent the data

. very well for 8 > 30°., Now for moderate e,

p =7 siné N 2p sink @ = V-t . (8)
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so that the best approximation for £(t) is (in this regioq)

L
2

-12.75 exp(—3.3(-t)

£(t) = 10 ) . | - (9)
Now we assume that (9) is also valid at sufficiently lérge argument to

obtain the exchange contribution f(u). We therefore set, using (7)

ol

1)

1
Int = 21072241 exp(=3.3[(~t)%+(-u)

(10)

1072217 oxp(-6.6p (sink e+ coste)) .

1]

Now for small &, say &< 4509 Int is obviously negligible compared
with £2(t). But for & >45°, we have sinté +cosi&>1.305 and

therefore

I . ’

Int < 10

using Cocconi's approximation w = 2.1p which is valid on the average.

It is scen that (11) is negligible compared with (3). This means that if
the direct diffraction amplitude depends only on t (and not also on s),
fggg the interference term is always negligible compared to the statistical
term at large angles (@ > 45°). Thus we can use (6) without an added

interference term.,
1)

strong decrease with incrcasing s, To fit these as well as possible by

The experimental data are known to show, for any given .t, a
a formula of type (6), we should use the largest possible g(s) which is
just Cocconi's "statistical" expression (3), derived from 90° scattering.
In Table 1 we have used the data for -t = 6.0 and 10.0, the two
values for which the largest number of observations (4) exist. We give
the observed d49/dcd in cm2/ster9 the statistical contribution g(s)

calculated from‘(B), and the difference. This difference should be constant,

'fz(t)g if (6) were valid. It is obvious that this is not the case. For

-t = 6.0, even after subtracting the "statistical" contribution, the cross-

section decreases by a factor of 4 as w increases. Indeed, the correction



g(s) is negllglble already for the second llne, o = 15, 7, gso that

fz(t) should be very nearly equal to the dlrectly observed cross-section.
That the latter decreases strongly with 1ncrea51ng energy is evident 1>.
The decrease is far outside the eiperlmental error of about 25%, TFor

-t = 10,0, the first line is zern, simply because thls llne refers to 90
scatterlng and was therefore used to deduce the statlstlcal ,g( ).__TQ :,
obtain a smooth behaviour of the dlfference, less should have been sub--
tracted; i.e., only part ofithe 90 crose~sention should be attributed ©o
the statistical process. Thls, of course, would make the energy dependence
10,0 1is

i

of the "difference" even stronger. . If the flrst line of  ~t%
disregarded, the other liﬁes stillfshow strong energy dependence, and at
least for the last two entries ,(po = 20,9 and 28.7) th;s conclusion is
well outside.therexperimental error. We thus conclude that (6) is not.

valid.

. If we examine Minami's own analysis which is only at one energy
(po = 16.7 GeV/c) we find that his fit is also not very good. His
theoretical curve (Case II) is about a factor 1.8 too low around‘60~7oo9

- and nearly by the same factor too high around 400 both: outside experimental

error, . If the 40 rregion had -been used for a better adaustment of. the ‘
parameters,vthe;dlscrepancy around 60-70 would have been even. larger9 at
least a factor of 2, We have made the same observation at other enerﬁléw

if the parameters in f(t) are adjusted to fit small and medium angle data,
and g(s) to fit the 90° data, then the theory gives too low cross-~sections

around 60°, This is because the theoretical f£(+%) ~falls too fast with o

50 that essentlally only g(s) is left at 60° but the obscrved cross-

section at 60° is substantlally larger than that- at 90° from which " g(s)

“is deduced - about a factor of 6 according to the accumulated data curve of

3)

reference , Pig. 2, - .

We must -therefore accept the fact that the cross—section. is. ﬁefbjust

- a function of t. alone but depends also on s,‘ even if a statlstlcal

. contribution has first been subtracted,. E (1) is a possible form, notlnL

8626

-that

P =p sind = (=t)? (1 + 2) (12)
s=4m
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in which 4m2 may be neglected. The formula may of course be modified to

be linear for small +t (whichH were not used in deriving (1)), e.g., by

substituting

L
2,

o (5,-0)F (14/0) (13)

L

where t1 can still be chosen to improve the fit. However,; the complete

curve cannot he fitted by any choice of 1

) since the coefficient in (1),

g 1s too small to fit the forward cross-section, and the second

exponential in (1) can only decrease the cross-section.
A behaviour, for large +t, as
1 .
do/dw ~ exp(=o(=~t)?) ‘ (14)
rather than as
ot (15)

6)

expected if. the scattering amplitude for large real s is sufficiently

is reasonable. As Kinoshita "has shown, a formula like (14). should be

bounded in the complex plane: of  cos® (i.e., of. t).

Since the crosse—section now depends on s for a given t, we may

_obtain a Regge type representation. For -t << s, (13) and (1) give

ln(dc'/dw)exé S L A o (16)
in,thé ﬁegge theory
mln(dc’/dw)Reg =3(%) + [}é(t)-ﬂ _.15»5 . | (17)

The behaviour is not identical but only a limited range of s was used
in the experiments, and only the dependence on s matters. Equating the
derivatives of (16) and (17) with respect to s, and using the definitions

for s and t, we get
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6.

"_.""Dé(t) =1 - ?-2-3- (1-cos@)(-t)% . (18)

In Table 1, we have used data around 50° for =t = 6, and around 60° for

-t = 10, Inserting these values

il
(o)

o = =0,5 for -t

0(;—1,6 for =t 10 .

Not much meaning can be given to these results, especially because ‘o for

the leading trajectory may not be able to become < =1,

We have shown that the assumption of a statistical contribution to
the cross-section does not significantly simplify the remainder of the
cross~section, in that this remainder still depends on s as well as t.
The question then is whether there is any evidence for the statistical part.
The do'/d¢ is about constant from 70O to 90O Zféference 3), Fig. g7
which means that the 90° cross-section is about three times higher than
expected from the smooth function (1). Part of,thisvmay_still'bé.due to
some constructive interference effect but probably hof all. Thus there is
some, rather slight, evidenée for another phenomenon hear 900. 'Itlwouid
be interesting to see whether this is really statistical. If so, then
excited states of the nucleon should be formed with a probability propor-
tional to their statistical weight. It should be possible to observe the
energy spectrum of the nucleons emitted at a given, large angle 8, 1
this should indicate the formation of excited states in the recoil nucleon.
The continuous background in the energy spectrum, arising from the dis=-
1ab? should not

be too disturbing, at least for the first 1 GeV down from the energy of

integration of excited states emitted in the direction &

the elastically scattered nucleon,
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3)

4)

5)

6)

REFERENCES

Cocconi, V.T. Cocconi, A.D. Krish, J. Orear, R. Rubinstein,
B.D. Scarl, W.F. Baker, E.W. Jenkins and A.L. Read, Phys.Rev.,
Letters 11, 499 (1963) and 12, 132 (1964).

Orear, Phys,Rev. Letters 12, 112 (1964).
Cocconiy; to be published in Nuovo Cimento,

Fast and R, Hagedorn, Nuovo Cimento 27, 208 (1963);
Fast, R. Hagedorn and L.W. Jones, Nuovo Cimento 27, 856 (1963),

Minami, Phys.Rev. Letters 12, 200 (1964).

Kinoshita, Phys.Rev. Letters 12, 257 (1964).



SUOT}098~8S0L)

b 47474

kqmioT 1A mmlow.m c ;vmlov.hv b Ly L 0°cs L 8e (O0)4
vmlo_‘. 8 ¢ Lqm..oTo._‘ #mlor. 8"V b°9 t*e9 6°0¢ 0ol
mmlo_,. (A mmlofm.m mmloT [ ¥e-g $°8L AR 00l

P ) [ . . . . .

0 mmlor c'e mm!o. c’c e8 v 0°06 Ay 6°6

(O §¢ 601670 (cOb 67¢ ce°L L°Lg 3T 0°9

mmlo_‘. 6°9 mm...oTw.m mmno_ﬂ 0°9 €49 e or L-ie 0°9

mm...o“‘.mv L mm..oT@é mmlofmm..‘ 094 745 LGl 0’9

wmzo_‘. Gt Nm...o_lm.m NM!OT 0¥ LL*Y ¢“89 Lol 09
*0TBO slefe! a/pen oox3Fep o/ren (o/n8D)

c
‘FITP — 5
(s)3 P/ op n 2} a 3~

O
al



	
	
	
	
	
	
	
	
	

