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The total cross section for scattering of a given particle by 
. ~ 

neutrons is usually extracted from the proton and 'deuteron scatter

ing data by means of the Glauber formula/1/ 

a a +a +oa. (1) d p n 

.. -2 

oa .. - <r > (1- a ), a a a (2}; , 41T p n p n 
' 

where aN is the ratio of the real to imaginary part of the 'forward 

·scattering amplit~de f N ( N .. n, p) ~nd< r- 2 > is the mean inverse 

square ·radius of the deuteron. The additional t~rms which can 

_·appear in eq. (2)"to take charge-exchange pr~cesses into accourJ./2/ 

. do not affect the considerations of this .paper: and are therefore • 

omitted for simplicity. 

There have. been recent speculations concerning a possible 

violation o~ the Pom~ranch~k theorem/3 / for· 'certain processe~/4~?/ · 
·.although the evidence for the violation has also been que,stioned/7 •• 8/ 

Such a violation would imply an asymptotic. behaVi.ou)3/ a. := C en k 
. • N N · 

for some constant C N Where k is the c.m. momentum. Under . : 
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·this condition eq·. (2) woUld lead to an unphysical logarithmic groWth, 

. 'of Ba. : · Let·· u5 consider.~~ ·this for~ula breaks· d6wn in'·this · ~se~ , '
, Eq~cit~on (2). is derived. fran. the 'more ge~er~l ·Gl~uber_ fo/mula/~f·· 

.. 

(3) ' '2 . 
. :8 a :: -:--"2 Re .f S ( q )f 

•,' . k . 
(q)r" (q )d2q 

n P 
'•. 

· .. 

where S ( q) is the deuteron form factor for momentum tri:msfer q · ·, 

by assum~rig .that. f N' (q ) is slowly varying within ; the _peq.k of S ( q) ·· 

'' .· . ~t q ~,; 0 : . • How~ver,":: ~. lC?garithmic growth of aN -~mpiies. ci . shrinkage 

· oCthe ~iff~action peak . in d a/ d t /
5

/, si~ce a e~"' J ('du/<lt) d t'~ o. · . • 
Such a shrinka:ge w_ouH::! invalidate the derivation .of. eq •. (2) at ·~t-'iffi_:. ..... 

- _)·. 

.• !' 

• .. 
.. -

,. 

'. ci~~tly high energies. I~ this· case, 

. ·:eq •.. (J)··~~c{Lice~· inste~d t~ · ·.·. 
> • ;. ~ ' ' I 

on the other hand;· as . k... oo 

.. 

. -' 

~2· . ' ' 2 
8 a:: 7':!r J Re f . (q ) Ref ( q } d q k . n P 

'• . ."(4) ··. 

. 
:usirig·-S(O) "'1 and . assuming· no variation of the phase' of f N -~thin . 

'· 

the diffraction peak.; 

For . definiteness, let us assume that the diffraction peak 're.:. · .. · 
'r; 

mains 'exponential in form even at. asymptotic energie~, so that 

d 'fN ~~t =. gN (_k~ ex~ [-a_ N( k) t ) . 
From the above consid~rations · , 

· it'.'foll~ws that'· asy~ptotically · 

. ( . e a 
2 

g · k) =. N N 
N ·. 16 TT 

fn 2 k 

Y c2 .. 
.aN(k):: .N N'aN 

16 TT 

. 2 

fn k 

"···· 

(5)' . :. 
! 

where.-. y -t ~ CJ_'eef'a-...' . .• ;;ul:>s~ituting .eqs. ,(s) into ·(4), . .-~e- ·obtain·:. 
.·.. ; ... . . . . 

. /", . 
' 2 .• 4CpCnap:O:n ·.[i·+O(k- )]. 

8a= ·· 
··,·~· (6)· 

2 . . '2 
y C ·a +f C a 
·P. P P·; n ·: n n · 
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If we .assume the. Okun-Pomeranchuk ·the·o~eml 

the asymptotic equality f = f P , . n ' which is . already 

.at present accelerat~r ·energies,' then eq. (6) simplif 

>Cally to 

!/> 
8a=2a/y=2aee, 

We, note that. in (7) .·8~-> 0 
...;_ •• ! ' 1· 

. , in contrast witl 

-suit 8a· < 0 · •. This difference is pue to ~e fact U 

. each amplitude f N ,. .is- ._mainly. ~eal· in: qur case, but 

in the usual' case. Under the more restrictive assu 
' . • • '. ,_ ' .r 

. · domina~ce. of J ~ by the e~change a( th~ Porii~rapc 
· . arid hence: ~f .the. validity. ~f the Pomera~chuk .trieo 

' ' ~· ' . /10/ 
totic behayiour; ·.a a. ... 0- was established 1n 11 

' . y' (k) . • In our ca,;~,. on the other 
. . ' ,. . . /1112/ 
.is 'positive, since_ fim aee- f 0 • • 

hand, the asympt 

)f the .. Pomeranchuk theorem is violat,ed, · the 
' ; ·- ' .· . ' ' . -. ~ "' . ..~. -. . , ... " ' 

of a • and consequ'Emtly the applicability .of eq~ 'N . . . . . . . . . 

fective only at ·energies VE!ry much higher than_.-th< 

~c_ce~erators/6/. Thu~,' altho~gh,~~e ·~oul~ .exp~ct .t 
· ·. p~actically. ~ons tant Va.l~,.te . of·· ad ~n ··the large enE 

which'aN· is already'coristant and eq. (2)'-is:valid,: 
' . 

its . asymptotic .· value only at mu~h higher energie! 

_vye are: gratefuL to CERN for. iiriancial supi 

.. · Institute for Nu~lear · Res~arch for .its kind hosp ita . . . ~ :, . . ~. . . . . ~ ~;' 

•., 

·' 

F.' Calogero for a useful discusssion. One. of us. 

l~dges · part-ial,. s~~p~i;;: f~-~~ . the ~ur;pea~ ·.· brfic~-· o1 
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sical logarithmic groWth 

iks· down in.this···case. • :. 

~~eral Gl~uber f~~mula/~/ . 

nomentum transfer q · ·, 

thin.the ,peq.k ofS(q) " 

N 
. Jmpiies. a . shrinkage 

e= J ('da /dt )dt'~ a •. .. : '. 

tion .of eq. '(2) at ·~u·m-> 
' ' ... ~ 

her hanei1· as . k-> "" 

~· f. : 

:, ". 

·, 

,.·'f:· .·.· .. 
.. , I ... • 

~ .. . 

~- diffraction peak'r~ · .. . . 
energie~, so .that 

above considerations . ; .. 

2 en. k 

,•l ... . • ~ • 

tc:>'- (4),. ;.We::obtain · ~. . . . ~ - ~· . ~ .. 

.·.,. 

(5). 
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··. ·.·. · If we· assume the. Okun-Pomeranchuk the·o;e.m/9/ concerning 

the asymptotic equality f .. f 
' . . . ·p , n 

, which is. already well satisfied 

at present .accelerat,or ·e.nm·gies, then eq. (6) simplifies asymptoti

-~ally to 
.·.·· '. ., . 

8a=2a/y=2ae. 
. e ..; (7) 

We, note !hat in (7).·8~';> 0 , iri contrast with the· usual re~ ·· .. 
.sUit Ba· <o · . This difference is pue to ~he fa~t"t'n~t-.'i~ eq • .'(3) ". ·:: .. ' 

. . . . . ' ' ~ . ' 
.each amplitude f N : is· .. mainly real i~. our 'case, but mainly ir;n~giriary_-· 

· in the usual case. Under the more re~trictive assumption ofthe · 

.· domina;)ce. of.£~ by the e~change o( th~. Po~_erapch4~ trc;jeb'to~, · .. \· 

· and hence: of the, validity. ~f the Pomeranchuk theorem: the _.a.syrn~-
. totic behaviour ·.a a. :... 0-. was establish~·d i~/10 / indeperid~·ntly ·;( 

"~ ~ • ' T ! ' 

' y' ( k) .• In our case,. ~n the .·otlier hand, the asymptotic liJ!lit ·· 6c ·a~ . : . 
' . . . /1112/ ,. 

is 'positive, since eim a .f 0 ' • . . ·. ef-
logarithmic: gro~'! .'· .. , · 

,., ., 

of a 
N 

' and consequently the applicability .<;>f eq~ (6), becomes .ef-

fective' only at . energies very much higher than.· those of existing 

~cce~erators/6/. Thus,· although ,~~e ~oUJ.~ .expect .to· obse~ a. 

. · < p_radically ~onstant value of·· ad 

· w0ich ~ N. is already coristan~ 
. its asymptotic value only_ at 

and 

in the large energy regi'<?~ i'n ·. . , 
~q. (2)' is· valid,· a.'a-~-:·would' ~ttain' .. ' ·· · .. 

much higher en~rgies • 
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