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' Recent measurements ‘above 20 GeV at Serbukhov/ 1 indi-
cate unexpectedly large differences between the values of the
correspondmg partlcle and. antlpartlcle total cross sectlons for
_several reactlons. These differences are- partlcularly large in the
;case of kaon—nucleon scattering,  for ‘which the exlstmg data . sug—

gest approx1mate1y constant Cross - sechons w1th the values
0(K+p) (173+02)mb a(K—"p) (210+05)mb @)

ra(K+Vl:i)-'(l7.'6:t_0.4)’mb*, o (K™)=(19.9 +0.7)mb

for laboratory energles 1) between 20 and 55 GeV. It is hard
. to reconc11e these results w1th the Pomeranchuk theorem/ [ , whlch‘x
requn'es the asymptotlc equality o ( KF N)= o (K N)..

I O(K N) and o (K~ N) are assumed to tend to dlfferent
.‘asymptotlc 11m1ts then from a tw1ce subtracted dlspersmn rela- 2
tion it follows/2 that the amphtudes ['x= D N + IA ; . for ‘fqrward_;
Kt Nl ‘ scattermg behave asymptotlcally such that -
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“in, contrast w1th the generally expected 11m1t a ;-» ‘0' It 1s there-— e
fore of interest to est1mate in what ene oy reglon ‘the quahtatlve

: behawour of the phases of the amplitudes in this case wou.ld d1f—-

, fer from that which has h1therto been expected and, in partlcu.lar,

at what energies expemmental information on'a -': would allow

an 1ndependent test of the Pomeranchuk theorem. In order to study
the consequences of a V'lolatlon of the Pomeranchuk theorem, we -
shall assume for definiteness that for ® >_’_ 55 GeV the l( N .
‘total cross sections are equal to their asymptot1c 11m1ts for “which o
“we take the values (1), k -

Cons1der the tw1ce—subtracted dispersion relation  in the

form
Pk mge @) eglen)
DN((D):-IV (@)+ = 2'}‘ —. = - —1,. (3.
N A T okt o e o L
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where the term Iy contains two subtraction constants (the K N
scattering lengthS) " pole: ter‘ms' depénding on3the~ squares of the

¥

KNY couphng constants g (Y=A,Z) , and a d1spers1on 1ntegra_l

B ‘ over Ax ~v{(®) from the unphys1ca1 nA threshold to some energy

‘w 1n the low—-energy phys1ca1 reglon, which we choose to be

© 574 MeV; the 1ntegratlons over a+.q . ‘and o7

be in atw =m T
. “; g T % "k
“and” @, = © respectlvely. “

Using the ex1st1ng exper1menta1 data up to 55 G-eV (referen—
ces to the ‘data below 20 GeV are 11sted 1n / / ), together w1th our
assumptlons about the . asymptotlc behavlour of g i’f s the 1ntegra1
termin (3) may be accurately evaluated However, the low—energy
contrlbutlonl (@) suffers from serious uncertalntles, ma1n.ly '
because of our poor knowledge of the ”g>Y and the structqre o{; e



//

of the g . are now dublous, smce they were obtamed from dlS—

(w) for unphys1ca1 energies’ (u<m Most prewous est1mates

pers1on relatlons w1th ‘only one subtractlon, wh1ch are 1nval1d

o under our assumpt1ons. The rema1n1ng ev1dence for - the values

of ! 8 Y is rather meagre. In. pr1nc1p1e the g could .be - obtalned
by evaluatmg a tw1ce— subtracted d1spers1on relatlon, .g. (3), -
‘at the low energles at whlch D -are already accurately known. .

/3/

at these energ1es cannot g1ve a good determ1nat1on of the g

i However, it is found that the use of such a dispersion relatlon

because of strong cancellatlons.} -
If the ex1st1ng parameters/S/, are, used to calculate I T
we find that the uncerta1nt1es in the values of D¥ N predxcted by
(3) at the energles of - 1nterest are very 1arge and arise almost :
.ent1re1y from those in I-‘., The reason for this. is that I:(w)
is proport1onal to. for large w y as is ev1dent from its
exp11c1t form 3/. Although with 1ncreas1ng energy the contr1butlon
(w) 1s eventually dominated by the 1ntegra1 term . in (3), whnch
behaves asymptotlcally with an add1tlonal logarithmic factor, even
in the 1000 GeV range the term l ..is still a very 51gn1f1cant :
contr1butlon to.D * and. 1s cancelled almost. completely by contrl-:'_'
butxons from h1gher\ energles. ThlS is a senous defect. of the
fam1l1ar thce-subtracted dlSpe!‘SlOl’l relations, which was already
ev1dent from the1r analys1s at lower energ1es/ /. -

Because of th1s sxtuatlon, we adopt the procedure of sxmply
est1mat1ng the total value of I  and its error by requlrlng that
the dlspersmn relat1on predlctlons for D are compatlble w1th
the emstlng experlmental data (summamzed in’’ )on the phases of ..
theK N forward elast:.c and charge—exchange processes for' '

&

£
w > 2 GeV Numer1ca1 calculatlons of 1 - in"terms of the .



- k:ex1st1ng, Iow—energy parameters showed that at m ‘2 GeV the

. asymptotlc dependence I (m)m +C Ik already holds to w1th1n : :

a few’ per cent. The fit to the™ data with" this dependence requlres
,ép (+3.9+0.3) GeV ™2 and - €, = (-2.4+0,3) GeV" "2 :

Our fmal pred1ctlons for a:'A at \rcirlous energ,les 'are;,"A
presented in Table 1, Since the total: errors on &z: & arise "‘ i
‘mainly from I v they -are pract1cally 1ndependent of energ,y. SE
’Moreover, these errors are pr1mar11y systemat.lc, Le,, the Values
Aof a'; . are determmed w1th hlg,h accuracy to within an add1t1ve |
zconstant Below a few GeV, our pred1ctlons for a i are in g,ood
'ag,reement w1th ear11er dispersion- relatlon pred1ctlons 3 W1th
conventional Reg,ge pole extrapolations for the asymptotic beha\nour
of a:' , the ‘ratios a N remain c+orf151stent w1th zero at all : ‘
energles above a few: GeV ~while - &- N slowly tend to zero from
: neg,atlve va1ues. The results of Table ], ‘on’ the. other hand requlre
a N <0 and a-:‘ > (0} for © s 300 GeV. W1th1n the errors, .
however, they are also compatlble ‘with - changes of s1g,n of a+
at .much - lower energies, ’ BRIt

It ‘has” been remarked/ 5 6/ that a log,arlthmlc 1ncrease of ;
,'Iat-l : w1th energy would requxre an asymptohc shrlnkag,e of
the‘w1dth of the - d1ffract1on peaks in- order to ‘avoid ‘a v101at10n .
- of unltarlty.q I—Iowever, our’ numer1ca1 results show clearly that
th1s requ1rement would become effectlve only at energles very i
much hlg,her than those cons1dered here because ‘of . the slowv
rate of growth of|a—| e R T ‘

Proposals have been. made/ ! / to use measurements of wof
the K - reg,eneratlon amphtude on nucleons or- nuc1e1 as a sen- =
' sitive test of the Pomeranchuk theorem. In- Table I we show our

predictions for a Ref /Imf reg’ where f . is the regenera— :
g og



. ses, “+

5Mf’t1on amphtude on protons, gwen by £ Af'~+!-'f‘ T by charge
- eg n. ‘n .
+

. deependence. As in the case of a

determmed vessentlally to” w1th1n an additive constant We note “i
that'in'ou"r ca’sé a eg exh1b1ts a change of s1gn at some’ energy
"w .’ ~300: GeV ar behav10ur which is quahtat1ve1y d1fferent from -
the slow: approach to a : constant pos1t1ve value pred1cted by

e conventlonal Regge pole - extrapolat1ons. Moreover, this change of
sign-is most hkely to occur at an energy w1thm the Serpukhov i
© range, so that. measurements of am‘g} ‘would prov1de a sens1t1ve

-~ test -of the Pomeranchuk theorem. For" compar1son, we ‘algo list
in’ the table our correspondmg, predictions for the regenerahon Y
phase 0, 'arg(lf' .} “in terms. of which the regeneratmn data

are usually: analysed but which is less convement for our purpo— o

G -

. Values of the regeneratlon amphtude ‘on neutrons may eas11y
be extracted from the' results' shown' in Table I, This amphtude,
although not . directly accessible to experiment,’ iS'Of interest in ..
connection - with regenerahon on nuclei, We find that the real parts
of “the regeneratlon amp11tudes on protons and neutrons change :
sign in a very similar manner, from positive to negative tvalues'f
- with inc\reasing ‘eénergy. Therefore a similar - behaviour is also
‘expected for the regeneration amplitudes on nuclei; In particular, i

'_,under our assumptlons the regeneration phase analogous to <I>

; "should asymptotxcally increase to 1/2 7z - for an arbitrary nucleus,""'

’ ‘1n contrast with. the convent10na1 predlctions, according to which:
Lt tends to. a. constant negative value, . :
We are indebted to. Professor M. Podgoretsky and Dr..A* ‘
«"Gr V1011n1 for some valuable .remarks, One of us (N.M. Q.) acknow-
ledges w1th gratltude the kind - hosp1ta11ty of: the Joint, Instltute for

Nuclear Research and “financial support from CERN,
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- Predictions from the dispersion relation (3).- The errors on
are, practically independent of energy (s
and are therefore shown only once,.

the: quantities - a

Table 1

ee texf)

S

'b K (GeV/e) o ) o) @y ay ea. ¢, (“Fs-)’l.?
6 d.oo 20,37 0,00 =041 0,50 '-25:48; -

25 0,01  =0.12 . 0,01 -0.53 0,31 ,'-1‘7;331 .
Tomo 0,00  =0,07  =0.01  =0.00  -0.0 512‘;
00 0,03 0.01  -0,04  0.08  =0.67 33:23

T 200 -0.66 - .’0.06' =0,07 0,07 =1.10 . 47123 : |

300 0.08 0,09 20,08 0,03  =1.35 53ng

woo 0,09 011 =0.09 0,10  ~1,52 56‘};87 :

o ';,Exfr;;afs' | 0,07 ";o.,o9 *0.08 | 70,09 £1.4o



