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On the Behaviour of the Elastic Scattering Amplitude
at Momentum Transfers Decreasing as (lns)™?

We prove that in any interval

' —4kz+t (s)gt<~t (s),
where : ‘ ! .
_ _const
t (S )= is
there must exxst at least one value t;, such that the magnitude
of the elastic scattering amplitude at thls mom?:nhun transfer has
the same behaviour as its behaviour at t =0: | £ k)| > corist, s + e

. F(s,0)~
This conclusion is true also for the'imaginary part of the amplltude.lf
the real part of the amphtude at t=0" is bounded below by some power
s~%,then for.it -we r .

Preprint. hfoint insutnteesalbr Nuclear Research.
" Dubna, 1970




In‘a recent paper/ 1/ Kinoshita showed. that at momentum

transfers decreasing as

tor=le(e) ] < 2t

- 8)= s & —————

: = Ins : (1)
.the real part of the elastic scattering amplitude has the same’
behaviout as that at t =0

| Re F(s,t(s))

b

| > const . _ (2
Re F (s, 0)

'In‘ proving this statement Kinoshita used the following represen-
. tation of Ref F(s,t)
: , - S
ReF (s,t) =D (s,t)-D (s,t),
the functions D t (s,t) being non-negative at
£ : o ' : :
_ D (s,0)>0. . _ ~
- Further he proved that for values t decreasing as in Eq, (1)

the functions D ~ (s, t(s)) have the same behaviours as that at t=0:
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D O R - '\—-—--;—"““‘""‘\2'61”-” ' : TR
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Smce pt (s 0)and D (s 0) are different, then due to the last’ inequali& i
- we can. believe that: for rather small 8 —mdependent constants in' s
"EQq. (1) the functxon D~ (s,t(s)) cannot cancel Dt (s, t(s) s »
.and for these wvalues of the constant in Eq. (1) we. must have the -
inequality (2).
" In this note we prove rigoreqsly that in any interVal

| —4k* +tl(s)_<_t_<_'—tl”(s), , . (3)

- where k is the 3-momentum of particles in the com.s., and

J o t, (s) a? Bl
S s) = , (4
i - ’ 1 n 2 g ?_( ﬂ) -
' . there must exist at least one value t, such that at this

momentum transfer the magnitude of the: scattering -amplitude . -

decreases not faster or mcreases not siower than 'that at 't =0:"

F(s,t ) . . R
\_..--—-———-—-——‘_ \> B(a : -. P ) (5)

F(s,0)

o

# g ; | PRI Remember that the functlon e ‘
\ | f,) =F(s,t)

!
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is analytic in the Martin el.lipselz/ with the foci at »t'_4=0 Loy t —4k 2

~and the major semiaxis 2k%+ 82 S, 8%>0 . For convenience we

put

w=t+2k?

(6)

Cf () =g (w).

New function g,(w) is analytic in the ellipse E with the -foci

v =tc, c=2k?, ?

‘and the major semiaxis "
=2k2 2 .
a=2k2+§ . - ‘ (8)
Its minor semiaxis is -
o b=yai-c?. - (9

Let t, be some posn‘.we number, t l<c’ and we consider

the, elhpse E’ with foci at

’
e -

A +c’, c’=c~t =2k2_f1,’ RS ) (20)

-



“which has ‘the same  minor semiaxis b . Its majot*?:»s_enﬁé.kis o

a,'» is W

: e - o , \/c,z*T b2 =J-az+c'2_c2 ] : | ‘ . (11)

e B .
SRR Tt ek a =

*

It is easy to check that for rather large s the ellipse E’
Will‘, contain the point w=c(ie. t=0"" ) if :

LD R . I

: ' ,‘We assume that this condition is satisfied.
v means of the conformal ma.pping

x- it  .' “.':";, By

-
w+\/w2--c'2

’

C

"4 we transform the ellipse E’ with the cut [-¢’s¢ 1 into aring

. L “with the internal radius 1 and the external radlus R
.‘.‘. "‘«'i /’,. H N a+va ‘-c,z‘. . .', ‘ s " o
B N A

’

C

~ The point" w=c (Les t=0 ) goes'to the point £=1 RO S

R . » - ) N B S c+\/c2_c'2; | l. | } :,'\' - ‘ 5
: SRR REEREERI S R (15)
. c’ . : : ! K




: Weput
h (£)= g _(w),
: and introduce some notations:
mo=max |h ()= max g (w)]| -
€l=r T Zefcwge -
: =m0, (9.

<4k 4r <<t
ARy Sty

‘max Igs(ﬁ) | =

M= max |h (&)
. T wedE’

S |€l=r

(17) |

. max ~|f;B (t) l{’
t€JE )

“where 9E and dE’ are the boundaries of the ellipses E and E’,

resp, _Ap;');ying the Hadamard three circles theorem’'>*% we have

m S Inr

>0. IR
ol mE T Te @12 a9

* From eqs. (7), (8), (10), (11), (19), and (19) it is easy to show..
© that at - ‘ B o ' ' :

‘ln—t :z‘\/ tl ) B (19

IR 8t '
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. If we choose

. 2.2 <
t =t (s)= ay.,_. EREN '
In’s : (20)

-~

~ where fy is some constant, then from Eq. (18) we gef

In el >- Y In M Lo . (21)
L0~ s (£ LT

Since F(s,t)for every t in the ellipse E’ satisfies the

‘ “f'; dispersion relation in s with two subtractions 5/ and | F(s,0) |

- /6]

is bounded beloxv by some power S , then we have

M

1n <k lns. s ) ' »
| £.(0) l‘~ e T (22
From Eq. (21) it follows that
ln,_____m____:_yx ’, : e T (23)
| £ (0)] " ‘ - _



‘max' In 1

' = 24
‘_4k2+11515—g‘ £ (0) e et 8 . SRR ( )
: ‘Therefore
F(s;t) a E ‘
L ome =]y emsy (29
—4k2+t15:5_¢ F (s,0) S . o

_’I‘hus the mequahty (5) has been pr'orved Mor‘eover', we found

L tthe exp11c1t expressmn for' the constant ﬁ(a) ‘ m Eq. (5)

e |
_B.(a)=§ o (26) .

I Suppose that in any interval of the type (3) the magnitude

" of F(s,t) reaches its maximum at the .end point
t =y»-t‘l(s). P
‘ ‘”’4’I‘he‘n we have

F(Sv—tl(s))

I — | >Bla). )

F(s,0)

“Iis obv10us that our conclusmns are true also for the

1mag1nary part ‘ImF (s, t ) . If 'we suppose that,at t=0 ' the



real part of the amphtude is bounded below by some power s~

o then for it ~we have the same resulfs._

In conclusion we note. that the constant a inEq. (4 can

§o

be chosen to be arbitrarily small,
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