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A new tabu la t i on  o f  kaon-proton t o t a l  cross sect ions,  wi t h  a treatment 

of data and errors,which i s  p a r t i c u l a r l y  su i t ab le  i n  ca l cu la t i ng  w i t h  

d ispers ion  re la t i ons ,  i s  presented. 

Apresentam-se novas tabelas de seções de choque para espalhamento kaon- 

-proton, como também um tratamento dos dados e erros que se revela par-  

t i  cularmente conveniente quando se ca l cu la  com relações de dispersão. 

1. INTRODUCTION 

Forward d ispers ion  re la t i ons  are cu r ren t l y  used w i t h  the purpose o f  pre-  

d i c t i n g  the value o f  coupl ing constants and o f  t h e r e a l  pa r t s  o f  a scat-  

t e r i n g  arnpl i tude1. Thei r use involves the eva luat ion  o f  integrais o f  the 

tYPe 

where o(w) i s  the t o t a l  cross sect ion,  a t  the labora tory  energy, w, f o r  

the process under considerat ion (o r  f o r  the crossed one), and h(w) i s  a 

weight funct ion which may be s ingu la r  a t  some energy value. I n  such a 

case, I must be evaluated as a p r i n c i p a l  value i n t e g r a l .  

I n  the eva luat ion  o f  (1 . I ) ,  there are two so r t s  o f  ambiguity: f i r s t  o f  

a1 1 ,  the func t i on  a(w) can be known on ly  a t  d i sc re te  energies w i  , and 

each value o(wi) i s  a f fec ted both by a s y s t e m t i c  and a s t a t i s t i c a l  e r r o r  



which must be taken i n t o  account i f  one wants t o  estimate the uncerta in-  

t y  on I; secondly, the p a r t i c u l a r  form o f  h(w) may enhance these uncer- 

ta in t i es ,  a t  l eas t  i n  some energy region. From t h i s  discussion, i t  i s  

c l ea r  that ,  i n  order t o  evaluate both the value o f  I and o f  A I  w i t h  

h igh accuracy, one must have a good se t  o f  input  data. I n  pa r t i cu la r ,  

one must get r i d  o f  two possib le sources o f  spurious e f f ec t s :  a) f o r  a 

given experiment some po in ts  may be acc identa l ly  displaced i n  compari- 

son wi t h  the remaining ones; b) when many experiments have been pe r fo r -  

med i n  the same energy region, there may be some systematic discrepancy 

between them. 

The f i  r s t  e f f e c t  can produce a s t ruc tu re  i n  the real  par t ,  due t o  the 

p r i n c i p a l  value in tegra t ion ,  and there i s  no doubt t ha t  i t  i s  general ly  

unreasonable t o  i n t e r p r e t  a s i ng le  s h i f t e d  p o i n t  as an evidence f o r  a 

s t ruc tu re  i n  the amplitude. The second e f f e c t  can have various conse- 

quences, according t o  the method which i s  fol lowed i n  the i n te rpo la t i on  

o f  the data points,  and o f t e n  makes i t  hard t o  estimate s ign i f i can t l y  the 

e r ro rs  on the ca lcu la ted quan t i t i es .  Therefore, i t  i s  important that  the 

t o t a l  cross sec t ion  data be c a r e f u l l y  examined before they are used i n  

d ispers ion re la t i ons .  I n  a sense, t h i s  i s  what was cu r ren t l y  done a l -  

ready i n  the s i x t i e s ,  f o r  example i n  the nN analyses performed by the 

Karlsruhe group2, where the experimental po in ts  o f  a(w) were replaced by 

a su i t ab le  i n t e r p o l a t i n g  funct ion.  i n  t ha t  way, however, the estirnate 

o f  the s t a t i s t i c a l  e r r o r  on I i s  a d i f f i c u l t  task. This i s  on ly  one o f  

the two extreme approaches which can be pursued, the other being that o f  

r e j e c t i n g  any suspicious po in t .  

More recent ly ,  t h i s  problem has been deeply examined by   erra ri^, s t i l l  

i n  the case o f  nN scat te r ing ,  For t h i s  react ion,  the problem o f  d i s t i n -  

guishing s t a t i s t i c a l  from systematic er rors  i s  p a r t i c u l a r l y  important, 

even more than f o r  o ther  react ions,  l i k e  those considered i n  the present 

paper, where on ly  occasional ly  there are two experiments i n  the same 

energy region, w i t h  comparable s t a t i s t i c a l  e r ro rs  and e x h i b i t i n g  syste- 

matic discrepancies. 

I n  the TN case, Fe r ra r i ,  besides tak ing  i n t o  account the systematic 

e r ro rs  on the various sets o f  po in t s  coming from d i f f e r e n t  experiments, 



proposed a procedure t o  smooth the data so tha t  no spurious s t ruc tures  

are introduced. His procedure i s  intermediate between the two above ex- 

treme approaches. I n  fac t ,  he performs a f i  t t o  severa1 data po in ts  i n  

energy regions determined by inspect ion o f  the data. Whenever the best  

f i t  curve does not  cross the e r r o r  bar o f  a given po in t ,  the value o f  

t h i s  i s  replaced by tha t  p red ic ted by the f i t  t o  the neighbouring 

points.  However, t o  keep a memry o f  t h i s  subs t i t u t i on ,  t o  the new 

po in t  i s  a t t r i b u t e d  an extended e r ro r ,  o f  the order o f  the d i f fe rence 

between experimental and f i t t e d  values. 

2. THE Kp TOTAL SECTIONS 

I n  t h i s  work, we fo l l ow  the procedure o f  Ref.3 f o r  Kp scat te r ing .  As we 

mentioned above, i n  our case we do not  pay much a t t e n t i o n  to  the problem 

o f  the systematic er rors ;  t h i s  i s  not a ser ious l i m i t a t i o n  because i n  

these react ions they are general l y  fo lded i n t o  the s t a t i s t i  cal  ones and 

i t would be a l m s t  impossible t o  e x t r a c t  them, and t o  d i s t i ngu i sh  the 

two con t r i  but ions.  

Before discussing our ca lcu la t ions ,  l e t  us b r i e f l y  summarize the expe- 

r imental  s i tua t ' ion  o f  Kp t o t a l  cross sect ions.  

The reac t ion  K - ~  has an i n t e r e s t i n g  feature; i t  exh ib i t s  a remarkable 

s t ruc tu re  which i s a l so  extended below i t s  threshold because o f  the exis- 

tente o f  coupled channels having the same quantum numbers as the K - ~  

system and a lower mass (mi, TE, smi) . 
I t i s  unnecessary t o  e x h i b i t  a t abu la t i on  o f  the imaginary p a r t  o f  the 

amplitude i n  the unphysical region; however, i t might be useful  t o  re- 

ca l  1 t h a t  the procedure t o  estimate i t i s  t o  perform an a n a l y t i c  con t i -  

nuat ion o f  the ampl i tude f rom the low-energy region. The formal i sm cur-  

r e n t l y  used f o r  t h i s  purpose was o r i g i n a l l y  proposed by D a l i t z  and ~ua?. 

It i s  based on a K-matrix parametr izat ion,  f o r  which the e a r l i e s t  appro- 

x imat ion was one o f  a constant sca t te r i ng  length. AI rea,dy in  t h i s  form, 

the so l  u t ions  exhi  b i  t* a s-wave resonance correspondi ng t o  the Y* (1 405) 
O 

* We disregard some o l d  analyses which presented a lso  non-resonant am- 

p l  i tudes as possib le so lu t ions5.  



and t h i s  feature i s  preserved i n  the m s t  recent analyses which parame- 

t r i z e  the K-matrix using e i t h e r  an e f fec t ive- range o r  a zero-range ap- 

proximation. Typical  representat ives o f  the two a l t e rna t i ves  are Refs. 

6 and 7, respect ively.  

The analyses o f  these works are obviously confined t o  the very low ener- 

gy region. At  h igher energies, we analyze d i r e c t l y  the data; whenever i t  

i s  possible, we on ly  make use o f  the m s t  recent. and accurate data, ne- 

g lec t i ng  previous data which i n  most cases are much l e s ~  accurate. For 

t h i s  reason, they are not very important i n the f i t s  even when they f a i  1 

t o  f o l l ow  the t rend o f  the m s t  recent experiments. The l i s t  o f  the ex- 

periments which we considered i n  our f i  t s  up t o  3.3GeV i s  given i s  Refs. 

-8-13; i n  the tabulat ions,  we sha l l  quote the experimental source fo r  

each po in t  so t h a t  one can i d e n t i f y  the data we neglected, f o r  example 

by comparison w i t h  compi l a t i ons  o f  KN da tax4.  I n  the region between 3.3 

GeV and 6 GeV, on ly  very o l d  data are ava i lab le ,  Refs. 12, 15, 16, and 

t h e i r  e r ro rs  are l a rge r  than those a t  lower and higher energies. 

+ 
The s i t u a t i o n  f o r  K p i s  q u i t e  d i f f e r e n t  i n  the sense tha t  one does not  

observe such a complex s t ruc ture .  I n  fac t ,  i n  t h i s  channel there i s  on- 

l y  some s t ruc tu re  i n  the 1 GeV region, f o r  which conjectures were mde 

tha t  i t could be in terpre ted as an evidence f o r  the existence o f  e x o t i c  

resonances. 

+ 
We have selected the experimental po in ts  f o r  K p sca t te r i ng  according t o  

the same c r i  t e r i a  as f o r  K - ~ .  The experiments from which we ex t rac ted 

the data are those o f  Refs. 9-13 and Refs. 17-24. Also, f o r  t h i s  reac- 

t ions  the data i n  the region from 3.3 GeV t o  6.0 GeV are ra ther  scarce 

and 0 1 d ' ~ - * ~ .  

At  h igher energies, there i s  an improvement i n  the s ta tus  o f  our know- 

ledge o f  K ' ~  t o t a l  cross sect ions.  The region from 6 t o  20 GeV was s tu-  

d ied about ten years ago a t  ~ r o o k h a v e n ~ ~ ,  and l a t e r  the knowledge was 

extended t o  h igher energies using the serpukhovZ7 and ~ e r m i  l abZ8  acce- 

l e ra to rs .  At  these energies i t  i s  more convenient t o  g ive the values f o r  

the combi na t i ons 



and t h i s  f o r  var ious reasons: f i r s t  o f  a l l ,  the theo re t i ca l  analysis o f  

o(') i n  t e r m  o f  a Regge pole m d e l  i s  much s i n p l e r  because these com- 

b inat ions  separate the cont r ibu t ions  o f  poles o f  d i f f e r e n t  par i ty .  This 

a l lows one t o  perform separate and s i g n i f i c a n t  f i t s ,  each with a smal l e r  

number o f  parameters, instead o f  performing a unique f i t  t o  a1 l data. 

Moreover, i t i s convenient to  w r i  t e  the d i  spersion integrals i n terms o f  

o(-)  and o(+) ; t h i s  makes the estimate o f  the errors more convenient than 

when using U ( K - ~ )  and u ( k p ) ,  because i n  the l a t t e r  case one should con- 

s i de r  the c o r r e l a t i o n  o f  the e r ro rs  coming from the f a c t  t h a t  the same 

po le  term con t r i  butes t o  both cross sect ions.  

3. PARAMETRIZATION AND CALCULATIONS 

+ 
I n  the  previous Section, we described the experimental s i t u a t i o n  o f  K-p 

t o t a l  cross sections. As we wrote there, a f i  r s t  se lec t i on  o f  the data 

was done by excluding those data bear ing a s t a t i s t i c a l  e r r a r  much l a r -  

ger than t h a t  o f  the m s t  recent experiments. 

i ng the 

Continu 

separat 

Another problem o f  choice o f  data occurs when, i n  a c e r t a i n  energy ran- 

ge, there e x i s t  severa1 po in t s  from d i f f e r e n t  experiments. I f  i n  such a 

case the po in t s  d i d  not show any systematic s h i f t ,  they were a1 1 consi-  

dered i n  the f i t .  I f  instead i t  appeared tha t  there was some systematic 

d i f fe rence between the po in t s  from d i f f e r e n t  experiments, we selected 

one se t  of data, on the basis o f  the s t a t i s t i c a l  accuracy and o f themat -  

ch.ing w i t h  the data i n  the nearby energy regions. We were p a r t i c u l a r l y  

care fu l  i n  handl i ng  t h i s  problem; i n  our f i t t i n g  procedure the matching 

was insured by performing fi t s  wi t h  the l a s t  few po in ts  o f  each exper i-  

ment together w i t h  the f i r s t  few po in ts  o f  the next one, and constra in-  

cont inui  t y  wi t h  the parametrizations o f  both regions. 

i t y  const ra in ts  were imposed by requ i r i ng  tha t ,  a t  the energy w, 

i ng the two sets whi ch were f i t ted ,  both a and do/& have  the 



same va lue  f o r  the  two paramet r i za t ions .  T h i s  was done n o t  o n l y  f o r  the  

connect ion between d i  f f e r e n t  experiments b u t  a l s o  when the  s t r u c t u r e  o f  

the  cross s e c t i o n  iugges ted  t o  break up the  i n t e r v a l  covered by one ex-  

per iment  i n t o  s u b i n t e r v a l s .  

L e t  us now presen t  o u r  ca lcu la t ions .  I t  i s  convenient  t o  d iscuss them 

fo l . l ow ing  the  same p a r t i  t i o n  o f  the  data as i n  Sec t ion  2. 

For energy values lower than 6 GeV, we parametr ized the cross s e c t i o n  

f o r  each r e a c t i o n  i n  the form 

where T i s  the  kaon k i n e t i c  energy 

The parameters a,b,a,d were determined i n  each i n t e r v a l  by f i t t i n g  the  

correspondi ng data wi  t h  the  c o n t i n u i  t y  c o n s t r a i n t s .  

We s h a l l  make o n l y  a few c o m n t s  on these f i t s ,  r e f e r r i n g  the reader t o  

the  t a b u l a t i o n  o f  o u r  i -esul ts .  

The energy f rom which we s t a r t  t o  use the p a r a m e t r i z a t i o n  (3.1) , f o r  the 

r e a c t i o n  K - ~ ,  i s  t h a t  o f  the  lowest  energy p o i n t  o f  Ref .8, i .e. w = 551 

MeV. Below, we use the K- matr ix  paramet r i za t ions  o f  Refs. 6 and 7 which 

a re  i n  good agreement f o r  the  shape o f  the  curve, w i t h  o n l y  a s l i g h t  

d i  screpancy i n magnitude. We then impose t h e  c o n t i  nu i  t y  between t h e  two 

regions,  and use the  p o i n t s  f rom Refs. 8 and 9. The r i c h  s t r u c t u r e  o f  

the  r e a c t i o n  and the form o f  the  p a r a m e t r i z a t i o n  fo rced  us t o  break up 

the energy range i n t o  many i n t e r v a l s  i n o r d e r  no t  t o  des t roy  t h a t  s t ruc-  

t u r e  by o u r  smoothi ng procedure. 

One c o u l d  t h i n k  t h a t  by choosing a d i f f e r e n t  number o f  p o i n t s  i n  the fit, 

f o r  a p a r t i c u l a r  reg ion,  one cou ld  o b t a i n  d i f f e r e n t  bes t  f i t  curves. 

Th is  i s  n o t  so because the c o n t i n u i t y  c o n s t r a i n t s ,  a l though unable t o  

determine un ique ly  how many p o i n t s  a re  t o  be taken f o r  a g iven  f i t ,  a re  

s u f f i c i e n t  t o  make the  r e s u l t s  independent o f  such a choice.  



+ 
The s i t u a t i o n  i s  d e f i n i t e l y  s impler  f o r  K p; i n  t h i s  case, i t  i s  possi-  

b l e  t o  se lec t  few regions, each w i t h  a r e l a t i v e l y  h igh number o f  po in ts .  

Taking advantage o f  the wellknown f a c t  t ha t  only s- and p-waves are 

present a t  the lowest energies, i .e. below w = 857 MeV, we used there 

on ly  the f i r s t  three terms o f  the expansion3. 

For both reactions, the region between 3.3 GeV and 6 GeV 

we l l  known. There,the data do not  a l low t o  perform s i g n i f  

f o r  t h i s  reason we t rea ted tha t  region i n  a d i f f e r e n t  way 

i s  much- less 

i can t  f i t s ,  and 

; namely, we 

used there an i n t e r p o l a t i o n  from the two contiguous regions, exp lo i  t i n g  

the usual constra ints,  but  g i v i ng  no importante t o  the actual value o f  

the experimental data. This procedure i s  not  as a r b i t r a r y  as i t could 

appear, i f one remembers t h a t  the purpose o f  our work i s  t o  determine a 

se t  o f  values o f  t o t a l  cross sections which i s  s u f f i c i e n t l y  smooth and 

w i t h  a reasonable estimate o f  the er rors .  Now, a11 the data i n  the re-  

g ion are very o l d  and have l a rge r  e r ro rs  than the po in ts  from more re-  

cent experiments; therefore,  s ince we used those e r ro rs  as an estimate 

o f  the uncer ta in ty  on our data i n  the region, and s ince the o l d  data are 

not  i n  disagreement w i t h  the ca lcu la ted values, we may use our values 

w i t h  confidence. A f u r t h e r  argument i n  favour o f  t h i s  procedure i s  t ha t  

i t  i s  known tha t  the data o f  the region below 3.3 GeV, and those o f  the 

region above 6 GeV, j o i n  q u i t e  s m ~ o t h l ~ ~ ~ .  

Above 6 GeV, we have data up t o  energies as high as 280 GeV. In t h i s  i n -  

te rva l ,  the Regge theory states tha t  the combinations o ( - )  and o(+) ha- 

ve cont r ibu t ions  from poles w i t h  d i f f e r e n t  quantum numbers; i n  pa r t i cu-  

l a r ,  one has 

where by F ;e denote, apart  from kinemat ical  fac tors ,  the appl i tude 
X 

corresponding t o  the exchange o f  a pole having the quantum numbers o f  

the p a r t i c l e  x. 

The use o f  Kp data, only,  i s  no t  s u f f i c i e n t  t o  determine the parameters 

o f  a11 the poles; t h i s  would requi re  the simultaneous use o f  Kn data 



because the cont r ibu t ions  from p and A, have opposi t e  signs. Therefore, 

we assumed tha t  F + F could be approximated by one e f f e c t i v e  pole,and 
P 

t h a t  the cont r ibu t ions  t o  a(+) come from the Pomeranchuk pole and from 

a secondary po le  which may be considered as an e f f e c t i v e  pole averaging 

the p '  and Ap cont r ibu t ions .  

The f i t s  were performed assuming a Regge pole expansion; f o r  the even 

amplitude we a l so  added a r i s i n g  logar i thmic  term, whereas f o r  the odd 

one we considered both ,a pure Regge pole model and one wi t h  cuts i n the 

conplex plane. Typical values of the parameters which can be used f o r  

the Regge expansion are: B = 17.80 mb, aQ = 0.465 f o r  the crossing-odd 
P 

combination, parametrized as a(-)  = Bp wap- ' ,  and L3 = 14.78 nb, Bpi = 
P 

40.461nb, a =0.571, c =4.334mb, y = 0 . 9 6 7 f o r  the c ross ing- even 
P '  a 1 -  

one, parametrized as o ('+I = B~ + B ~ , W  P ' + c(1og w)'; f o r  both para- 

met r iza t ions ,  w i s  given i n  GeV. 

Our resu l t s  are displayed i n  Tables I-VI ,  where f o r  each p o i n t  we give 

the inc ident  kaon momentum i n  the laboratory system, the ca lcu la ted va- 

lues o f  a and Ao, the experimental values o f  the same quanti t ies ,  and 

the experimental source. 

I n  Tables 5 and 6, we e x h i b i t  values o f  parameters which f i t  best the to- 

t a l  cross sect ions f o r  the various energy i n te rva l s .  These parameters do 

not  have a p a r t i c u l a r  physical  s ign i f i cance,  since other sets o f  values 

can g i  ve f i  t s  o f  comparable qual i t y .  We repor t  them i n order to  a1 low the 

reader t o  ca l cu la te  cross sections, a t  other energy i n te rva l s ,  i n  a d i s -  

persive i n teg ra l .  

CONCLUSIONS 

To conclude t h i s  work, i t  may be i n t e r e s t i n g  t o  g ive a b r i e f  account o f  

possib le app l ica t ions  oF Kp dispersion re la t i ons  which have some i n t e -  

res t  i n  the present status o f  the matter. 

The f i  r s t  appl i c a t i o n  which can be thought o f  i s  t o  ca lcu la te  again the 

NYK coupl ing constants, and the Kp rea l  par ts .  The i n t e r e s t  f o r  t h i s  i s  
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-566 
-569 
-592 
.593 
596 

. b l l  

.b18 
020 

e627 
-643 
i044 
~ 6 5 7  
666 . b68 

.o06 
e698 
-713 
-717 
e719 
727 

.757 
-768 
e770 
0786 
.7Y5 
.617 . b20 
-823 . 646 
.647 . e64 
-872 
-691 
h97 

.YOO 
-904 
-916 
-924 
e938 
-942 
.95{ 
-969 
.Y70 
.Y77 
-985 
.Y92 

1.C20 
1.i.21 
1.b29 
1 . ~ 4 3  
1 . ~ 5 5  

TABLE 2 

TOTAL CnOSS SECTI011S FOR K+P UETWEEN 0.145 AIO 6. GEV/C 

SIGMA+ CkLC. ERHOR CALC. 5iGMA+ EXP. 
IK8) IMB) IMB) 

REFERENCE 



SlGuA+ CALC. 
<*Ul 

ERROU CALC. 
<MBl 

ERHOR LXP. 



TAELE 3 

CROSSING-ODD COMBINATION BETYEEN 6 -  AHD 2 4 0 .  GEV1C 

S l G M A I - I  EXP. ERROR EXP. 
(MBI  (ME1 

REFERENCE 

GALBRAITH /65 
GALBRAITH165 

CROSSING-EVEN COMBINATION BETWEEN 6 .  AND 2 4 0 .  t E V / C  

PLAB 5 1 G M L ~ + >  CALC. ERROR CALC. S l W A  (+) EXP. ERROR EXP. REFERENCE 
(GEV1Cl  ' ( M a l  ( M e )  (MBl  (ME1 



Table 5. Best  f i  t parameters f o r  K-P . 

Table 6 .  Best  f i t  parameters f o r  K+P. 



not on ly  the we l l  known r e l a t i o n  o f  the problem w i t h  s u  ( 3 )  , and the 

s t i l l  more bas ic  assumption o f  a n a l y t i c i t y ,  bu t  there i s  a lso  another 

po in t .  These ca lcu la t ions  can be performed using severa] d i f f e r e n t  me- 

thods2', 3 0 ;  al though they are equivalent  ( i n  the sense t h a t  i f  the ana- 

l y t i c i t y  assumption i s  co r rec t  they must lead t o  the same r e s u l t ) ,  i t  

may not  be so because o f  the d i f f e r e n t  weights given t o  d i f f e r e n t  data 

a f f ec ted  by a s t a t i s t i c a l  e r ro r .  Thus, the consistency o f  the various 

ca lcu la t ions  i s  a way o f  t e s t i n g  the mutual consistency o f  the data on 

the t o t a l  cross sect ions,  and on the rea l  par ts ,  and the c l a r i f i c a t i o n  

o f  t h i s  problem requi res the use o f  a good se t  o f  input  data. 

A consistency test o f  t h i s  type is ,  e.g., provided by the soca1 led Haber- 

-Schaim method31. This method has been used on ly  ra re l y  f o r  KN d isper-  

s ion  r e l a t i ~ n s ~ ~  i n  the past, and has been reconsidered by us very re-  

cen t l y  i n  a ~ o r k ~ ~  where we make use o f  the t o t a l  cross sect ions given 

i n  the present paper. Moreover, i n  the same framework, i t might be i n -  

te res t i ng  t o  reconsider some less conventional ideas and techniques, 1 i - 
ke f o r  instance the use o f  inverse dispers ion r e l a t i ~ n s ~ ~ ,  and compare 

the corresponding resu l t s  obtained w i t h  those provided by the conventi-  

ona 1 me thods . 

I t  i s  a pleasure t o  thank E.Ferrari f o r  valuable comments and discussi-  

ons . 
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