
(OGit 

-I 

I 

r 

06bE.llHHEHHbiH HHCTHTYT RllEPHbiX HCC.nE.llOBAHHH 

D.I. Blokhtntsev 

E -1064 

ON BACKWARD SCATTERING OF HIGII 
ENERGY PARTICLES 

.Lly5Ha 1962 ro.a 

v 



tu. Blokhintsev 

.ON BACKWARD SCATTERING OF HIGH 
ENERGY PARTICLES 

T 0 61.e,IKHeHH\olu MH<nnyr 
I 

•,lepHI.t X 1\ . , it' ~o i<<J l' lll 

6H6lii-'1' : · ~::.K.A 

D y6 Ha 19 62 ro .a 

E- 1064 



l. Introductory Remarks*. 

Without taking into account the spin effects in the c.m.s., the elastic scattering amplitude may be put as 

00 

A(e)~-if-- ~(2P+l).fp· 'Pe (cose; 
P~o 

is the complex phase shift. 

(1) 

If the wavelength is short enough as compared with the dimensions of the interacting particles, then the quantity of p can 

be considered as a smooth function of the quantum number P • Under this assumption we get for the forward scattering 

( 2) 

where fl e ~ 1 • 1 f [J is the upper limit of the orbital number e for which the quantity .; e is already very small, f, e is 

the average value f, e in the interval 0 < e < L , then the differential forward scattering cross section will be: 

da A 2 2 4 - 2 2 R 2 r an;o~ 4 I .fel L ~v.. 1-fe I R r-x-; ( 3 ) 

where R ~ A · L is the radius of the sphere where the particles interact. Generally speaking, this radius is a function of the 

energy of the particle k . In the special case when the phase shifts of the scattered waves 71 e ( k) depend on orbital moment

um e only through the ratio e I k: 71 e ( k) ~ 71 re I k) the interaction radius R does not depend on particle energy ( in 

this simplest case the phase shifts are the functions of collision parameters p ~ A . e ~ e I k only ) . 

2. Backward Scattering. 

Let us consider now the backward scattering. 

From ( 1) we get for e ~ TT : 

A (rr} 

iA 00 00 

-..--[I (4s+1)f, -I (4s+3}f, +L 
~ IFO 2o FO 2e ( 

~ iA [ f (4s + 1; r~: - f ; -2 f 1: -r "-2• , 2.+1 "- 2.+1 
FO FO 

(4) 

- a~e Further f, 
2

.+ 
1
-f, 

20
- ---;if+ ... ( fl e ~ 1) and assuming that the second derivative is no longer essential ( the condition of 

smoothness ) we find from ( 4) 

(5) 

Hence: 

( da ) ~ _ 9_ A2 I f, I 2 

~ 0 16 0 
(6) 

( Here f, 
0 

is f, e for P ~ 0 ) . 

This work develops the one published earlier 
111 . 
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If .; noes mt uerend on energy, what wil l t ake r lnr:c when nbso rrtion is l~rge c 1 e 211)r 1 « 1 l then the energy dependence 
0 

of the backwnrd scatterin g cross-section will be - 1/ E" ( :n the c .m.s.) or - 1/ E 
0 

(in the lab. syst.). A stronger decrease of 

thi s cross section wit]: the increasing energy would mean the growing of the transparency of the particle core. 

2 
If absorption is large, the conclusion about the dependence - 1/ E will remain valid, only the numerical coefficient in (6) may 

vary. 

Therefore, in case of large absorption it is more accurate to write 

(do ) =a>..2 
(/rf TT 

2 

where the magnitude of a must be equal to __;,_ I !; I 
lo 0 

3 . i\ngular Distribution in the Re·J ion of 180°. 

Let us consider now the form of the angular distribution in the 1800 region. For this purpose we note that 

( - d '!'r(z)) - =r-f+1 ~.~PU+ 1) 
dz :r=- 1 

further /\ z = \ cos ( rr- 0 ) = \~ 02 
+ ... 

Therefore 
iA 

A(rr-0\ = A(rr) + 2 ""' ~j ~ r ;t + 1 ) r c r-+ 1 l ,; r (-) 
P=o 

The sum over r entering this formula can be transformed as follows : 

p + 1 

f+ 1 ()2 

- 2-

S =y, I (2 P+ l)f( e+ J) ofe (-) = -~~I (4s +l)2s(2s+llof
2

• + 
~o o=o 

"" + y, I ( 4s+ .3) ( 2s + 1) ( 2s + 2 ) f 
> 2• + 1 

a==o 
""' 2 

= -Y2 l (4s+l )(2s )(2s + 1)( .;
2

• - ,;
2
.+) +3I ( 2s +l) ,; 2 .+ 1 -+ 

FO FO 

(see / 21), 

+ ... 

00 

... v.; I l r 2r + 1 l r c r + 1 ) 1 -~ i_r 
~ 

d r + 31 2 r c r + 1 l c ,; r d .; r l dP + -
0 df 0 

dP 

= - % J c 2r + 1 l ,; p d r 
0 

I of r dP 
0 

3/ 2 of 
0 

Note that the first term is equal to -3/ 4 A (0), where A(O) is a forward scattering amplitude. 

The substitution of expression (8) into (7) gives: 

• 00 2 

A ( TT- 0) = A (rr) - [ % A (0) + __!_}_ r :; p d r. + % i>.. .; l _!L + ... 2 . d 2 
0 

(6') 

(7) 

(fl) 

(9) 

If an interaction radius R is far larger than >.. the terms in square brackets, except 3/ 4 A(O), are not essential. Therefore, the 

cross section ( _Qg_ ) can be written in the form : 
d{J TT 

or for the real amplitudes: 

( __sl_Q_ 
dO 

2 
= (__sf_Q_ ) -3! 8 [A *frr) A(O) + A*(rr) A(O)] 0 + .. . (10) 

rr-0 dr. TT 
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where 

( __s!__st_) = ( __Asz_ ) ( 1-~ + ..• 
dO rr-0 dP rr 02 

~) 

o: =% [(_~p )"/( ~ ' 0 ] 

0 

(11) 

(12) 

It is supposed in formulae (10) and (11) that 0 « e 
0

• So, the assumption about the smooth behaviour of phase shifts leads to 

the existence of backward scattering maximum whose curvature is defined by the angle 00 • 

4. The more precise definition of the formulae. 

All the formulae listed above can be made more accurate if one keeps the sum up to some value f = 1" and only for f > L the 

sum is replaced by an integral. 

In other words, one consideres the necessary smoothness to come only for r > L 

Formulae (1.2 .3) will be then rewritten as follows: 
L oo 

A(O)=j_}.. [! (2P+1);e+J(2f+i) .;edfl 
2 P=o L+t 

If absorption is large ( ,; r :;; 1 ) ' then 

A(OJ =-i.}[<r"+1)
2
+F<2f+l),;edfJ 
L+I 

. Further 00 f 
A(rr) = ~ [ ~ (2f +1) .;pP + (L + ___;_).; L+t l 

2 r~o " 

and for ,; r ': 1 for f ~ L + 1 , we find: 

A(") = i>.. .3 ~ 
2 2- '>L+I 

This formula is formally valid for L =- 1 too ; in this case it coincides with (5). 

Formula (9) assumes the form: 

00 

A(rr-O)~Airr)- i.A_t % I (2r+l).;e dP+fe-e df+ 
2 L+t L+t 

(2') 

(2") 

(5') 

(5") 

(9') 

2 L f+ 1 2 

+V.,[(2L+1) L(L+l)+6(L+1) ]~L+t -V2I(2f+l)Cff+1),;p (-) J_Q_ + ... 
f=o 2 

and particularly for ; C ;;: 1 at P 'S_ L + 1 

+ ... 

5. C:!1'pc:ri s::: r. wi th the E~-periment . 

The comparison w1tli the experimental data available indicates qualitative agreement with formula (6'). Particufarly, for the .. 
pionenergyof2,5GeV ( _ d!!_ )=0.10 3 mbandfor7:.- 8GeV,( dd!J,.- ) =0,02mb / .

4
/ For ! f, 1=0,7 the 

dO " H " 0 
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the corresponding theoretical values, in accordance with (6), will be 0, 10 mb and 0,03 mb. 

However, we have no measurements yet which would be sufficiently full and reliable and which might allow to make more 

comprehensive comparison with the experiment. 

It seems to be especially interesting for us to measure the energy dependence of ( ...!!...sL ) • This measurement could show 
dD rr 

whether nucleon transparency varies In Its cental part- in the nucleon core. 
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