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At present‘there is a great deal of interest in the features of

"+ the diffraction<peak in elasﬁic'scattering, which can be derived on -

completely'general grounds from thevbehavior of total cross sections, etc.

It is shown 1n the follow1ng that insofar as the width I’ of the

'

I_dl ractlon peak is concerned the bounds obtained prev1ously )(by means

of ‘a rather sophlstlcated handllng of the Legendre expan51on) are in fecﬁ

the crudest p0551ble bounds on T . .

va D(t) is thevwidth of thevdiffraction peak when plotted against

t =-—'23?2(liéﬂcos 8) -

uhen 1t is known that )

.(1) - I(e) < constant/o otal prov1ded. Ty kel doesvnoo:
decreése as fast as constant/k basi.k ‘approacheslinfinity.

(ii) If thelseattering amplitude has the Regge behavior

(s, 0) = Fs,.t) = g(t)ea<t) " as s approaches infinity,

" then we have «(0) < 1.
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! (1i1) For Gtotal > constant and —§f§§—3—- decreasing,
é ' total

| both as .k approaches infinity, then DI(t) shrinks as

‘.

total Ofotall ,
- We shall show that the above three bounds are already satlsxled
E. }' " by the crudest p0551ble” upper bound of P .
! Cons1der the dlfferentlal cross section
i . .
' ao_' - 52 T ' ,“2 , ' : f
: @ = [Im_f(e)}: + |[Re f(G)J S (1)
. as a function of u = Cos.© SO that the elastlc cross sectlon is
! o . v ‘ 1 41 o
{ ‘ ./’ o S
. ac L ‘ o
elastic -~ 2% y} qg (W) au <é>
S _ _3 N 4
. The'opﬁical thedrem-tellS‘us”that
B ' : A?' .
| o | -
L Ca o L _ ey
2 ) qT,fﬁe,_ 0) _EE“ total . K5)
” o = ' e | S ‘ el e, L N e e e, e e - — e
| o 50 that ;
- (R
K T (6 = o)‘
i . . ,
P N 2 , , :
= I!-_TE U'toté,l + [Re -f( O) ] o ()-I-)
P o R L '

ver sus

o n s o A i i

A | : : - ‘ _
We define the width I(u) of the elastic peak as the width of dg.

- flg l )

. o '
--f(t)"< elastic . constant

i
i

aa

u at half'the.forwérd‘value,‘i.e.,at.the‘value A/E. (See’

Now it is clear that for fixed A and elastin’ thevgreat§5u’

\
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possible width is attained for 40/dQ ~approaching the rectangular'shape‘
shown in fig. 2, so that certainly we have

TrFWE W, 5)
:and_ L, is eésentially the crudest possible overestimate of I'(u) .

" The results now follow from the trivial assertion that

elastic  $' %total . ' - (8)
'for' ‘
ERPIE = oxy Io(u) Y2 (1)
© . elastic X M 2 ’
~and theréfore
’ ®total : ‘
r Ku) < FM (u) < Tl _ , (&)
Substituting from (L) we get‘
‘ ' 165 -1 ,
P (w) g =% X — N C)

T o {Re £(0 ]-2
total 1+ tm!
This is sensible so long as We‘havg rM (u) < 2,{ i.e. as long as .gtotal

does not decrease as fast as constant/k as k goes to infinity. For

the width in t we then have

o . . 21 ' 1
r(e) < o
total l-+'[Re

- | (20)

which is result (i).'
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If the scattering amplitude‘has‘a Regge type behavior:ﬁhen.

we have | | R , o '
P (st) = g (8)sHE)

and - L ' . ‘ (11)

G . a(0) - 1
“total '

If we assume that the main variation with t arises from the factor

a(t), the width is proporticnal to (log s)~ 1 and (10) yields

5

da

1. - constant :
log s s _SaiOJ -1 (12).'

as s approaches infinity. Therefore we must have a(0) < 1, which

_ Finally, if we are given information P
- TR - R --goTal

on the ratic (G iy
_Juwmwwwmmqmmm,xﬂﬁlast;c

and if the conditions of (iii) are satisfied, then (8) is strengthened to
v o v

o o
elastic\ total '
g A .
total j A : '(15)

P, @ -

and result (iii) followé easily via (9) or (10) .

. We have thus shown that thevquoted results (i) to (iii) relaﬁing'

the width of the diffracﬁion peak to the behavior of %% otal and

are exceedingly coarse bounds in the sense that T

L
felastic/qtotag M

is a very Crude-ﬁpper bdund on I' . It may well be, however, that it

"is not possible to get essentially better bounds with the given input

_informationB).
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This work done under the auspices of the U. S. Atomic. Energy Commission.

A. Mertin, Pnys.vRev.;gggj 132 (1963).

ﬁriétiy-speaking, in‘Martin‘sbpaper thése.reSults'&epend on thé‘
assumutiohvfhat ao/aQ (ej = [In f{e)]g.;'ﬁhich.is certainly
reaSbnable fér small ® ‘and“high'energies. o

By essentially better bounds we mean bounds in which a more restrictive

.k dependence can be deduced. For instance; the fact that for the

above definition of ‘the width, Martin's result gives the constant in

(1) to be about 30% compared with 32 in Eq.(10), is not

¢onsidered a significant difference.
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FIGURE LEGENDS

Fig. 1. Typical differential cross section.

Fig. 2. Limiting form of the differential cross section for maximum

width at fixed area and fixed value at 8 = 0 .
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Fig. 1.
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