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Recent measurements · abave 20 GeV at Ser~~khoJl/ indi­

cate unexpectedly large differences between the values of the · 

corresponding particle and antiparticle _total cross sections for 

several reactions. Th_ese differences are particularly large in the 

case· of kai::m..;.nucleon scattering, for which the existing data sug­

gest approximately constant cross sections with the values 

. u (K+,p)= (17.~ ±0.2) mb, .u (K- p) = (21.0 t,0.5)mb, (1) 

for laboratory energies w between 20 and 55 GeV. It 'is hard 

to reconcile these results With the ~o~e;anchuk th~or~m/2/, which 
'· .~ ' " . . . . . 

requires. the asymptotic equality u ( 'rC"N)_ .. u (K- N),. - + ' . 
If u ( K N) and u (K - N) are assumed to tend to different . 

· asymptotic limits, ·then from a twice subtracted dispersion rela- . 

tio~ it .follows/2/ t~t · ~e amplitudes f ~ ~ .D ~ -~ IA i for :f~rward . 
. t. . 
K N scattering beh:ave asymptotically such that 

+ - ... 
+. o;(w) (uN+-uN-)fogw 

a- (w) = .. ----..,.,...---_..;.-
N A±;- w) 

N 

... ,, 

(2) 
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in.: contrast wi~ the gen~.r:ally expe<:ted limit a·;·-~ 0 ' It is there-· 

fore of interest to estimate in what enei·gy · region
1
'the qualitative 

behaviour of the phases of the amplitudes in this case would dif­

fer frorri that which has hitherto been expected and, in particular, 
t. . 

at what energies experimental information on a N. would allow 

an independent test of the Pomeranchuk theorem. In order to study 

. the consequences of a violation of the Pomeranchuk theorem, we · 
.+ 

shall assume for definiteness that for cu ">_ B5 GeV the K- N. 

·total cross sections are equal to their asympt~tic limits, for which 

we take the values ( 1). 

Consider the twice-subtracted dispersion relation. in. the. 

form/3 / 

± t . k2 ood CU, 
+( .. u; (w ') 

( 
aN cu ') 

], (3) D (cu) ... J (cu) + -:i f-... • + 
. N N ·477 cuk'' w'-w (i), + (i) 

' 0 + •. 

where the term I ; . contains two 
·-r. 

subtraction constants (the K N 

scattering lengths), pole· terms· depending on· the squares of the 

K NY coupling constants g 2 
( Y =A , ~ ) , arid a dispersion integral 

- ' ' ' y ' ; ' ' ' 

over AN (cu) from the unphysical 11A threshold to .some energy .. 
(i) .. 
(i) 

in the low-energy physical region, which -vv:e choose to be 
' •, . . . ' + ... : ' · .. " ' ., = 574 MeV; the integrations over u N and u -N begin at cu =m 

• • Q K 

.·and (i) 0 =';; ' respect1vely. 

Using the existing experimenta:i data_ ~p to 55 GeV {referep­

ces to the data below 26 GeV ar'e listed il1. /3 /); together ~ith our 
. ' ' '.. ·. ·,, ·. '. ± . . ·.! . 

. assumptionS about the asymptotic behaviour of U N , the integral 

term in '(3) may be accurately e~iuated. However, the low-ene~gy 
contribution I ; ( cu) suffers fro'm serious uncertainties, mainly 

.. . 2 ' ' 
because of our poor knowledge of the g Y and the structure of 
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A;; ( cu) · for unphysical energies cu < m K.. Most. preview 

of ·the g 
2 are now dubious, since they were obtair y . 

persian relations with ·only one subtraction, which c. 

under our assumptions. The remaining evidence for 
2 ' 

g ~ <;::ot of g ~ is rather 111eagre. In principl~ the 
·. ' ... 

by evaluating a twic~. subtractect dispersion relation 

·at 'the low energies . at which D ; .. are already accu 

Howeve~, it is found/3 / that the 'use of such a dispe 

at these · energies cannot give a good determination 

because of strong cancellations. 

I( the existing parameters/3~ are . used to calculi 

we find that the uncertainties in the values of . D ; . I= 

(3) at the energies. of interest are very large and ar 

.. entirely from those in It . The reason for this is t N . 

is . proportional to cu . for large cu . , as is eviden1 

explicit .forrr/
3

/. Although with fncreasing en~rgy the 

I ; ( cu) i~ eventually dominated by the . integral term 

behaves asymptotically with an. additional logarithmic 
+ 

in the 1000 .GeV range the term IN- . . is still a. ver: 

contribution to D =;. and is canceiled. almost complet• 

butions from higher energies. This is a serious defE 

familiar twice-subtracted dispersion relations, which ~ 

evident fro~ their analysis at lower energies/4/ • 

Because of this situation, we adopt. the procedi 

estimating the total va:lue of I ti' and its error by · re• 
' + ' 

the dispersion relation predictions for D;; ; .. are C()mJ 

the exi~ting ~xperimental data. {summarized. in/3/) on, tl 
'+ ' . ' . ' 

the K- N forward elastic and charge-exchange proce 
' · .. ·' : ' ' .. ' ' : 't ' 

cu ~ 2 GeV. Numer.ical.calculations of IN inter 
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If is there- · 

region the qualitative 

in this case. would ·dif-:­

::ted and, in particular, 
t. 

n a· N would allow 

~orem. In order to study 

1eranchuk theorem, we -
+ 

55 GeV. the IC N. 

npt~tic limits, for which 

sian relation in. the. 

~~ (w ') 
], (3) . 

t. 
:ion constants (the K N 

1 the squares of the 

a dispersion i71tegral 

:;hold to some energy 

1 we choose to be 
:\' 

~d ·c,- begin at w =m 
N 0 K 

tp to 55 GeV (referen-

: f~fy; tog~ther ~ith o~r 
·'of a : ·· · , 'the_ int~gre3.I · 

)Wever, the lo:.V.:.e~ergy · 
'. 

certainties; mainly 

and the. structure of .• 

l 
I 
l 

A~ ( w) ·.for unp~ysic:al energies w < m K. Most. previous estimates/3 / 

of the g 
2 

. are now dubious, since they were obtained from dis-
.~ . ' y . .. 

persian relations with only on7 subtraction, which are invalid 

under. our assumptions. The remaining evidence for the values 
• . 2 

of g ~ is rather meagr_e. In principlE:) the g Y . . c;::ould . be · obtained 

by evaluating a twice:- subtractec:f_. dispersion relation, e.g. (3), ,, 

at the low ene~gies- at which D ; are already accurately known •. 

Howeve~, it i~ foun~/3/ that the use . of such a qispersion relation 
2 at these energies cannot give a good determination of the g Y 

because of strong cancellations •. 

I( the existing parameters/3 / are, used to calculate I; 
:!:• ' 

we find that the uncertainties in the values of D N pr;edicted by-

(3) at the energies of interest are very large and arise almost 
. ' ± 

entirely from those in I; . The reason ~or this is that I N (w) 

is proportional to w for large w , as is evident from its 

explicit .forJ
3

/. Although with increasing energy the contribution 

I ; ( w) is eventually dominated by the_ integral term in (3),. which•­

behaves a~y~ptotically with an additional logar:ithmic factor, eve~ . . : 

in the 1000 pev range the term I}· . is still a_ vecy significant 

contribution to D ~ and is cancelled alm()st completely by' contri:­

butions from higher energies. This is a serious defect of the 

familiar twice-subtracted dispersion relations, which was already 

evident fro~ their analysis at lower energies/4/. 
•· I '• 

Because of _this situation, we adopt, the procedure- of simply. 
. ' . ' ' + 

estimating the total value. of I ; and its error by· requiring that 
+ 

the dispersion relation predictions for D ; .. ~re C<:Jmpatible ._with 

the existing ~xperimental data, (summariz~d in/3/ )on, the phases qf . 
'+ ' . . ' ' ' 

the K- N f()rw~rd , elas~c ar;:td cl)arge-exch~ge proce;sses for 

w > 2 GeV. Numerical ,calculations of IN . in· terms of the ... 
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~~istlng low~e~ergy .. parameters showed· that at · iu 2 GeV the · · 
. . . + 
asymptotic· dependence I: ( (l)) "' +C . (l) ·.already. holds .to within : 

- N · •t4. ~ 

a few· per cent. The fit to ·the data with· thls dependence requires 

( ) 
. -2 . ( . . ) . -2 

CP = .:..3.9 ±_0.3 GeV and > C-, = -2.4:!:_0,3 GeV · • • 

Our final predictions ·for a ! at various e~ergies are 

presented, in Table 1. Since the total errors on a± 
N 

arise 

mainly from ~~ ; they are 'practically independent of energy. 

Moreover, these errors are primarily systematic, i.e., the valt.ies 
.;;1. . . . . . : .. • . . 

of aN are determined with- high accuracy to within an additive 
± . ' 

constant. Below_ a few GeV, our predictions for a N are in goOd 

agreement with earlier· dispersion relation predictions/
3

/. With 

conventional Regge pole extrapolations for the asymptotic behaviour 

of u. -t. , the ratios a- remain conSistent with zero at all : · 
N N 

energies a:bove a few GeV, while a~ slowly tend to zero from 

negative values. The resultS of Table I, ·on the other hand,. require 
+ . 

a N < 0 and a · > 0 for: (l), > . 300 GeV. Within the errors, · · 
N .. 

however, they are also . compatible 'with changes. of sigh of a : 

at .much lower energies.' " · 

it has been;remarked/5 •6/ that a logarithmic increase. of 

1 a ! . 1 · with energy would require ari asymptotic shrinkage of· . . . 
the width of the diffraction peaks in order to 'avoid a violation 

of unitarity., However, our numerical resultS show clearly· that . 

this. requirement' would become effective only at energies very 
\ . 

muchhigher than those considered here, because of the slow. 

rate of growth cifl a; I • 
Proposals· have been. in.ade/

5
•
7

/ to use measurements oC 
0 

the K regeneration amplitude on nucleons or- nuclei as a sen-' 

sitive test of the Pomer:anchuk theorem. In ·Table 1 we show our 

predictions for a E! Re r I Im r • where f 
reg reg reg reg 

is the regenera-
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tior1 amplitude on protons, given by f ,; f + _. f -
reg n ·n 

independ~nce. As in the case . of a ;; . I the values 
. -

determined essentially to within an additive constant. 

that . in our case a 
reg 

. exhibits ·a change of sign at 

(l) ~- · 300 GeV, a· b~haviour whiCh is qualitatively di 

the slaw'. approach t~\a constant positive. value prec 

conventional Regge pole extrapolations. Moreover, thi 

sign is most .likely to occur. at an energy within the 

range, so that measurements of a . would proVide - · reg 

test .of the Pomercinchuk th~orem. For comparison, , 

in the .table our corresponding predictions for the r 

· phase .<I>,. 3.' arg (if ) ; in terms of which the rege 
~g . . 

are usually analysed but which is less convenient · fc 

ses. 

• Values of the regeneration amplitude on neutror 

be e·xtracted from the results · shown in Table I. ThiE 

. although not; directly accessible to experiment, is .of 

connection with regeneration on nuclei. We find that 

of the regel!eration amplitudes. on protons and. neutrc 

sign in a very similar manner, from positive to nega 

with increasing energy. Therefore a ·similar · behavic 

expected for the regeneration amplitudes· on nuclei; : 

under our assumptions the regeneration phase analc 

·should asymptotically increase to l/2 rr for an arbit 

in. contrast with- the conventiona.I predictions, accord 

it· tends to a. constant negative Wlue. 

.. We are indebted to Professor M.I; Podgoretsl 

G. Violini for some valuable .remarks. One of us (N.l 

ledges with gratitude the kind ·hospitality of the J oinl 

Nuclear Research and . financial support from CERN 

7 



' . 

.at 2 d'ev the 

:y holds to within.' 

~-dependence requires 

3) Gev":"2• 

us energies . are 
. ± . on aN anse. · 

!ndent · of energy. 

atic; i.e., the Values 

to' within an additive 
± . . . 

for a N are in good 
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ly tend to zero from 

:he 'othEkr. hand,. require 

V'ithin the errors; · 
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; a( energies very 

cause ·of .the slow 

· measurements of · 

or nuclei as. a sen­

'able I we show our 

eg 
is the- regenera-

rf 
0 

'. 

' .. --, .. 
;• ·, 

· tion amplitude on protons, given by f ,; f + -- f 
reg n ·n 

by charge· 

independence, As in the case of a t 
. '-. • N 

' the valu_es of a reg are 

determined essentially to within an additive constant. We note . 

that in our case a . exhibits.· a Change of sign at some. energy reg 

w ~ · 300 GeV, a • behaviour whiCh is qualitatively different from 

the slow approach to a constant positive value predicted by 

conventional Regge pole ·extrapolations. Moreover, this change of 

sign is most likely 'to occur at an energy within the serpukho~ 

range, so that measurements_ of a . 'would provide a sensitive 
reg 

test .of ·the Pomem:inchuk thE:!orem. For c6r0:parison, we als"o list 

in the .table our corresponding predictions for the regeneration 

Phase .<ll, ~' arg'' (if ' . ) ... · . in terms of which the reg' eneration data' 
reg ·' 

are usually analysed but which is less convenient for our · purpo-

ses, 

. Values of the regeneration amplitude on neutrons may easily 

be extracted from the results · shown in Table I, This amplitude; 

although not. directly accessible to experiment;• is of interest in 

connection with regeneration on nuclei, We find that the real pa~ts. 

of the regeneration amplitudes on protons and neutrons change 

sign in a very similar manner, from positive to negative values 

·with increasing energy. Therefore a similar · behciviour is also 

expected for the regeneration amplitudes' on nuclei~ In particular, 

.. under our assumptions the regeneration phase analogous -to <ll_, · 

should asymptotically increase to l/2 1T for an arbitrary nucleus, 

in. contrast with- the conventional predictions, according to which 

it tends to a' constant negative value. 

We are indebted to Professor M.I; Podgoretsky and Dr. 

G.· Violini for some valuable .remarks, One of us (N.M, Q.) acknow­

ledges with gratitude the kind hospitality of the Joint, Institute for 
. . . 

Nuclear Research and financia1 support from CERN, 
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Table 1 

Predictions from the dispersion relation (3). The errc 
the quantities a are. practically independent of ener 
and are therefore shown only once •. 

k (Ge V/c) - + + a a an a 
p p n . 

6 o.oo -0.:37 -o.oo -0.11 c 
: 

25 o.o1 -0.12 o.o1 -o.o~ c 

.. 40 o.oo -o.07 -o.01. -o.oo ·-c 

100 -o.05 o.o1 -0.04 0.04 -C 

. 200 -o.o6 0.06 -0.07 Oo07 -1 

300 -o.oa 0.09 .:..o.oa o.o9 -1 

400 -Oco09 0.11 -0.09 0.10 -1 

Errors· ::o.O? ::o.o9 +o oa 
- 0 

::o.o9 +1 
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Table 1 

Predictions from the dispersion relation (3), The errors on 
the quantities a are. practically independent of energy (see text) 
and are therefore shown only once. 

k ( Ge V/c) a + a+ <I! ; (deg.) a aJt a 
·p p n rea. . 

6 o.oo -0.37 -o.oo -0.11 0.50 +84 
-26-4~ 

., 

25 o.o1 -0.12 0.01 -o.o; 0.31 17+66. 
- -42 

' :· 

'·~ 3+52 . . 40 o.oo -o.07 -o.o1 -o.oo -0.04 . -55 

100 -o.03 o.o1 -0.04 0.04 -0.67 33~~ 
") 

.· 200 -0.06 0.06 -0.07 0.0'7 -1.10 47+21 
-62 

300 -o.oa 0.09 .;.o.oa 0.09 -1.35 53+17 
-54 .. 

400 -o.09 0.11 -0.09 0.10 -1.52 56+16 
-50 

· Errors ~0.07 ~0.09 +o oa 
- 0 

~0.09 +1 40 -. 
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