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Summary. - -  In a previous paper  we proposed a (~ hybr id  ,) model for the 
large-energy, small-angle elastic scattering of hadrons, and used i t  to 
understand the structure in the angular distr ibutions of proton-proton 
and proton-ant iproton differential cross-sections. This model describes 
the scattering ampli tude as the sum of an optical diffractive piece and a 
piece arising from the exchange of (( absorbed ~) Regge poles; al ternat ively,  
i t  can be viewed as a specific prescription for calculating the effects of 
Regge cuts. In  the present paper,  we present some further results obtained 
from this hybr id  model: we extrapolate  our solutions for the pp ampli tude 
to higher energies. We show how our model may be extended to deal 
with inelastic (or backward elastic) scattering, and consider processes which 
cannot be described by  the single exchange of any known Regge t rajectory,  
such as K - p  backward elastic scattering. We explain why Regge cuts 
do not  affect the  presence or location of the dip in the =+p near-backward 
differential cross-section which is thought  to arise from a nonsense zero 
of the nucleon t rajectory.  We predict  tha t  the differential cross-sections 
of elastic and of inelastic reactions should have the same t-dependence 
at  large ]t], whether or not  they do at  small ItI. 

I .  - I n t r o d u c t i o n .  

T h e r e  has  b e e n  a g r e a t  dea l  of i n t e r e s t  r e c e n t l y  in  t h e  s u b j e c t  of p o s s i b l e  

u n i t a r i t y  co r r ec t i ons  to  s t r o n g - i n t e r a c t i o n  s c a t t e r i n g  a m p l i t u d e s .  Some  re-  

su l t s  of t h i s  i n t e r e s t  h a v e  b e e n  t h e  i n v e s t i g a t i o n s  of t h e  p r o p e r t i e s  of R e g g e  

cu ts ,  t h e  a t t e m p t s  to  a p p l y  a b s o r p t i v e  c o r r e c t i o n s  to  Re gge -po l e s ,  a n d  t h e  

c a l c u l a t i o n  of m u l t i p l e - s c a t t e r i n g  t e r m s  in  c o m p o s i t e  mode l s .  
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5Iul t iple-scat ter ing corrections have  been discussed within the  f r amework  
of the  Chou-¥ang  model  (1)~ as well as wi th in  the  quark  model  (~.3). These cor- 

rections can be calculated by  methods  analogous to those developed by  GLAb'- 
BER (4) for sca t te r ing  by  mwlei.  The absorpt ion  model  has been  appl ied to 
Regge-pole ampl i tudes  by  several  groups (5); especially in a t t e m p t s  to explain 
the  polar izat ion observed in r :~ '  charge-exchange scat ter ing.  The justifica- 

tions advanced  for this  procedure differ, bu t  the  prescr ip t ion  used is a lways 
equiva len t  to mul t ip ly ing  the  par t ia l -wave  project ion of the Regge pole by  
the  elastic S-matr ix .  I t  has also been  suggested t h a t  Regge cuts migh t  provide  
correct ions to Regge-pole ampli tudes .  F r o m  models (6), we can learn several  
things abou t  Regge cuts:  their  posit ion and s ignature,  the  types  of s ingulari ty,  
and  in some cases the  signs of thei r  discontinuities.  Al though this informat ion  

is not enough to enable us to explici t ly compute  the  contr ibut ions of these cuts 
to the  scat ter ing ampl i tude ,  i t  has p roven  sufficient to pe rmi t  the  predict ion 
of cer ta in  fea tures  of the  7 : ~  charge-exchange polar izat ion (7) and  of the  pp  
elastic differential  cross-section (8). 

I n  a previous  pape r  (9) (hereaf ter  called I),  we suggested a (~ hybr id  ,) model  
which could re la te  these three  approaches  to un i t a r i ty  corrections (lo); in the  
presen t  pape r  we review, e labora te  upon,  and  ex tend  this model.  I n  the  
hybr id  model  we ident i fy  the  eikonal funct ion with the sum of Regge-pole con- 
t r ibut ions.  F o r m a l  expansion in powers  of the  eikonal  t hen  yields the  Glauber  
mul t ip le-scat ter ing series; the  single-scattering t e r m  contains the Regge poles 
which were used as input ,  and  the mul t ip le-scat ter ing t e rms  are Regge cuts. 
Fur thermore~ in I we took  the  P o m e r a n c h u k o n  to be  a fiat t ra jec tory ,  whose 
residue funct ion in p ro ton-pro ton  scat ter ing was propor t ional  to the  square of 

(1) T. T. CHOU and C. N. YANO: A model o] elastic high-energy scattering, Phys. 
zYev. (to be published). 

(~) V. FRANCO: Phys. l~ev. Left., 18, 1159 {1967); N. W. DEAD: CERN preprint, 
TH. 862 (1968). 

(3) N. W. DEAD: CERN preprint, TH. 881 (1968). 
(4) R. J. GLAVBE~: in Lectures in Theoretical Physics, vol. I (New York, 1959), 

p. 315. 
(~) See, for examples, G. COHEN-TANNOUDJI, A. MOREL and H. NAVELET: ~UOVO 

Cimento, 48 A, 1075 (1967); and I. KIMEL and H. MIYAZAWA: Absorption hard core and 
t~egge cuts., University of Chicago preprint (1967). 

i s) For example,. V. N. GRIBOV: Soy. Phys. J E T P ,  26, 414 (1968). 
(7) C. B. CHIU and  J .  FINKELSTEIN: Y~rvo Cimento, 48A, 820 (1967); see also 

V.M. DELANY, D. J. GROSS, I. J. MUZINICH and V. L. TEPLITZ: Phys. Rev. Lett., 18, 
149 (1967). 

(s) A. A. ANSELM and I. T. DYATLOV: Phys. Lett., 24B, 479 (1967). 
(9) C. B. CHIU and J. FINKELSTEIN: A hybrid model /or elastic scattering, Nuovo 

Cimeato (to be published), hereafter called I. 
(lo) Many of the ideas in I were proposed simultaneously--and independently--by 

R. C. ARNOLD: as The next step in high-energy phenomenology, ANL preprint (1968). 
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the  proton-charge form factor,  so tha t  we recovered the Chou-Yang model (1) in 
the infinite-energy l imit;  however,  most  of the  work presented in the present  
paper  is independent  of any  specific model for the Pomeranchukon,  and so 
would be equally valid in the  eikonal formulat ion proposed earlier by AR- 
~" OLd) (11). 

In  the  nex t  Section we elaborate  fu r ther  on the hybr id  model. We also re- 
view the  analysis of pp elastic scat ter ing presented in I,  and ext rapola te  the  
solution obtained there  to higher energies. In  Sect. 3 we discuss the extension 
of this model to inelastic processes, where to first order in the  inelastic transi- 
t ion i t  corresponds exact ly  to the  exchange of absorbed Regge poles. We point  
out tha t  in this picture  the differential cross-sections of elastic and of inelastic 
reactions should have the same t-dependence at  large Itl whether  or not  they  
do at  small It]. We argue tha t  the application of absorptive corrections does not  
al ter  the successful predictions of Regge-pole theory ;  in part icular ,  we show 
tha t  absorption does not  affect the prediction of a dip in the near-backward 
7:+p differential cross-section a t  the value of u a t  which the nucleon t ra jec tory  
becomes nonsense. In  Sect. 4 we present  the  fur ther  extension of our model  to 
second order in inelastic transit ions,  which allows us to discuss reactions,  such 
as K-p--> K+H -,  which require exchange of more than  one Regge pole. 

2. - The hybrid model for elastic scattering. 

l~or the moment ,  we ignore the presence of spin. Suppose we wri te  the S-ma- 
t r ix  in the impact  pa ramete r  representa t ion as 

(1) S(s, b) = exp [2iB(s, b)],  

or, equivalently,  the full ampli tude as 

(2) i 
A(s, t) = B(s, t) + -:- [dtldt2B(s, tl)B(s, t~)~-½(t, tl, t~)O(; ) + 

aT~ j 
+ terms involving more t h a n  two B ' s .  

Here  T is the tr iangle funct ion;  see the Appendix of ref. (~). The ampli- 
tude  A is normalized so t ha t  a ~ =  4~ ImA(s ,  0). Equa t ion  (1) or (2) may  be 
considered to be a definition of B, which corresponds to the single-scattering 

(11) •. C. ARNOLD: -Phys. Rev., 153, 1523 (1967). 
(12) j .  FINKELST]~IN and M. JACOB: Absorptive corrections and Regge singularities, 

-~'uovo Cimento (to be published). 
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t e rm of Glauber theory.  In  the hybr id  model,  we write 

(3) B(s, t ) =  P(t) + ~ R,(s, t ) ,  
s 

where P is the ~ Pomeranchuk  ~> contr ibut ion;  we recover  the Chou-Yang 
model (1) for pp scat ter ing by  le t t ing P be proport ional  to the square of 
the  proton  electric form factor:  P ( t ) :  iKFI(t).  The summat ion over  R~ 
~fl~(t)s  ~'~-~ in eq. (3) then  extends over Regge poles o ther  t han  the Po- 
meranchukon;  we refer  to these as ~ proper  ~> Regge poles. 

Computations are par t icular ly  simple if, at  fixed energy, B is expressed as 
a sum of exponentials  in t. For  example,  if B contains two terms 2~ exp [t/a~] 
and 2~ exp [t/aj], there  will be a contr ibut ion in the double scat ter ing (i.e., the  
second t e rm on the  r ight-hand side of eq. (2)), which is given simply by  the rule 

(4) 

Regge cut 1 -- U 5"  2(a~ ÷ a~-) 

A Regge pole R~=  ~exp  [--ir~(t)/2](S/So) "~t~, with ~ ( t )=  ~o-~ ~'t, can be writ- 

ten  in the  form 2 exp [t/a], with 2 = ~ exp [--  irl~o/2](S/So)"" and a -I = ~'(ln(s/so) - -  
(in/2)). The cut expression in (4) has precisely the same form as we used in 

ref. (7) as the simplest parametr iza t ion  consistent with the supposed (~) 
propert ies  of ]~egge cuts. We note  tha t  the phase (as well as the  magnitude) of 
the  cut  contr ibut ion is specified by  (4) ; this phase is controlled by  the  signature 
factors of the pole terms,  which have been incorporated into the  pa ramete r s  

a and ~. 
The hybr id  model  may  be thought  of as a Reggeization of an optical  model ,  

or, a l ternat ively,  as an optical prescript ion for calculating the effects of cuts  
in a Regge model. Looked at  in ei ther  way, i t  const i tutes a guess, which we 
cer ta inly cannot  prove to be correct.  To some, this guess may  be plausible be- 
cause of the fact  t ha t  i t  corresponds to what  one would obtain from a compo- 
site picture  of hadrons - - fo r  example,  the  quark model,  in ei ther  the  strong or 
the  weak binding l imi tmin  which the components  in teract  by  exchange of Regge 
poles. To others,  i t  may  be plausible because the prescript ion for calculating 
cuts is so simple, and ye t  all of the intr icate  features of the  cuts--signature~ 
type  of singulari ty e t c . l t h a t  we expect  on the basis of more sophist icated 
models (~) are reproduced.  The tes t  of this guess is, of course, by  comparison 

with exper imenta l  data.  
In I,  we used an ex t remely  simple form of this model to t r y  to unders tand  

the  general  features of pp scattering. We took the dipole expression for the  
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electric form factor which was used by DURAND and LIPES (~3) to produce, by  

means of the multiple-scattering series, an asymptot ic  ampli tude which has 

zeros at values of momentum transfer (tin - -1 .3  (GeV) 2 and - -6  (GeV) 2) close to 

those at which the measured differential cross-sections show some indication 

of having structure (~4). We retained two proper trajectories, the ones on 

which lie the co and the re, and approximated them by one exchange degenerate 

t ra jectory,  with ~ ( t ) ~ - ½ + t ,  and exponential  residue (~5). Thus we wrote 

(5) B ( s , t ) - -  iK#S ' I ' ( s )  t 
( t ,  t ) '  * " 

Following DURAND and LIP nS, we set # . o  1 GeV ~, and adjusted K so tha t  

we fit the total  cross-section; tha t  left us with two parameters,  F and so, with 

which to reproduce the real pa r t  in the forward direction, the s t ructure  in the 

angular distribution, and all of the energy dependence. 
Figure 1 shows the differential cross-sections predicted by  this calculation 

together  with data  at  P1~b ~ 12.4 GeV/c (,4.~) and /)~b-~ 19.2 GeV/c (~7), for 

the values F :  - - 2 2  (GeV) -~, s0=  4.5 (GeV) -~. The data  at  19.2 GeV/c are new, 

and were not used in determining the values of the parameters.  Although our 

parametr izat ion is too crude to give a very  good fit, it  does reproduce the gen- 

eral features of the energy dependence, as well as the s tructure around 

t ~ - -  1.3 (GeV) ~; there is also some slight structure,  hard to see from the Figure,  

in the calculated curves near t = - - 6  (GeV) -~. I n  I we stressed that ,  in our 

calculation, the real par t  of the ampli tude was largely responsible for this struc- 

(13) L. DURAND I I I  and R. LIPES: Phys. Rev. Lett., 20, 637 (1968); see also T. T. 
CHou and C. N. YA)CG: Phys. Rev. Left., 20, 1213 (1968). 

(14) j .  V. ALLABY et al.: CJERN Topical Con]erence, vo]. 1 (1968), p. 580. 
(15) FRAVTSCm and MARGOLIS (private communication) have recently analysed pp 

scattering in an eikonal model with a Pomeranchukon of nonzero slope, thus achieving 
an energy-dependent amplitude without invoking secondary trajectories. Since much 
of the structure can be understood in terms of the general properties of the multiple- 
scattering series (see for example, ref. (s)), their calculation is somewhat similar to 
ours. Such a model, without secondary trajectories, predicts that the real part of the 
amplitude is positive in the forward direction and that the pp total cross-section is 
slowly increasing as the energy increases, as discussed in ref. (9). 

(16) J. OREAR, R. RUBINSTEIN, D. B. SCA_RL, D. H. WHITE, A. D. KRISCH, W. R. 
FlCISKEN, A. L. READ and It. RUDERMAN: Phys. Rev., 152, 1162 (1967); and D. HAR- 
TING, t ). BLACKALL, :B. ELSNER, A. C. HELMHOLZ, W. C. MIDDELKOOP, B. POW~LL, 
B. ZACttAROV, P. Z~kNELLA, P. DALPIAZ, M. ~N. FOCACCI, S. FOCARDI, G. GIACOMELLI, 
L. MONARI, J. A. BEANEY, R. A. DONALD, P. MASON, L. W. JONES and D. O. CALD- 
WELL: Nuovo Cimento, 38, 60 (1965). 

(1~) Preliminary data from the CERN experiment at P ~ b :  19.2 GeV/e; we thank 
Dr. A. N. DIDDENS and Dr. A. M. WETHERELL for this private communication. 
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Fig. 1. - The pp elastic differential cross-section vs. - - $ .  Calculated curves are at 
P~b = 12.4 and 19.2 GeV/e. For details on data see ref. (14,1~a7). D 12.0 0R~aR et al. ,  

,~ 12.1 ALL,CBY et al. (I); • 12.4 HARTING et al .;  - 19.2 ALLABY et al. (II). 

ture ,  a l though at  much higher energies the s t ructure  is pr imari ly due to zeros 
of the imaginary par t ,  as in the calculation by  Dm~A~D and Ln,~s (18). 

I n  Fig. 2 we display the differential cross-sections predicted by  our calcu- 

lation at several higher values of the energy. These predictions are influenced 

by  the fact  tha t  we have assumed the Pomeranehukon  to be flat. However,  
a sma l~  slope for the Pomeranehukon  probably  would no t  make much differ- 

ence, especially since the existence of multiple-scattering corrections tends 

to obscure more than  ever the phenomenologieal differences tha t  would be 

caused b y  a possible small slope for the  Pomeranehukon.  One very  interesting 

7 - I !  N u o v o  C i ~ n t o  A .  
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Fig. 2. - Predictions for pp elastic differential 
cross-section at high energies --Pj~b= 25 (  ), 
70 ( . . . . .  ), 200 ( - - - - - - )  and 1700 ( ) GeV]e. 

Note that the t scale begins at --0.8 (GeV) 2. 

fea ture  of this ex t rapola t ion  
is t h a t  the  angular  s t ruc tu re  
does not  monotonica l ly  ge t  

sharper  wi th  increasing en- 
ergy, as one migh t  expec t  i t  
would if the  rea l  p a r t  of the  
ampl i tude  mere ly  served to  
fill up the  dips in the  a symp-  
tot ical ly  cons tant  imag ina ry  
par t .  Ins tead ,  there  is an in- 
t e rmedia te  energy region in 
which the  s t ruc ture  shifts  
f rom the real  to the  imagi-  
na ry  pa r t ,  and  only af ter  t h a t  

do the  dips get  sharper .  
By  changing the  sign of 

the ¢a contr ibut ion,  we were 
able, in I ,  to predic t  the  ~p  
differential  cross-section wi th  
no free pa ramete r s .  We found 
the  crossover be tween the pp  
and ~p differential cross-sec- 
t ions,  and  observed tha t  the  
s t ruc ture  seen (is) a t  - -  t ---- 

: 0 . 5 ( G e V )  ~ a t  P3,b-----5.9GeV/c 
should move  slowly outward  
in t as P~,b increased. This las t  

predict ion has since then  been 
confirmed b y  new ~p da ta  a t  
-P~,b:8 and 16 GeV/c (19). 

3. - The hybrid model  for inelastic scattering. 

3"1. The absorption model. - I t  has been  poin ted  out b y  ARNOLD (11) 

t h a t  the  eikonal formula t ion  for elastic scat ter ing leads na tura l ly  to the ab- 
sorpt ion model  for inelastic scattering.  I n  eqs. (1) and  (3) we have  wr i t t en  

S----exp[2i_P 4-2 iR] ,  where  R now stands for the  proper  Regge poles; to first 

(is) R. RUBINSTEIN, et al.: CER.Y, Topical Con]erence, vol. 1 (1968), p. 571. 
(ig) D. BIRNBAVM, et al. : paper presented at the Washington Meeting of the A P S  

(1968), and very kindly reported to us by Dr. A. N. DIDDENS. 
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order in R, this  is S = exp [2iP][1 + 2JR]. F r o m  this model  for elastic scat- 

ter ing,  we could compute ,  for example ,  the  difference of the elastic ~:+p and 

7:-p ampli tudes ,  and  so conclude t h a t  the  7:-p charge-exchange ampl i tude  is 

(6) A~-~_~on= exp [2iPJRp • Rp + 2iA.,.,ttcRp . 

Equa t ion  (6) coincides wi th  the  expression t h a t  would be ob ta ined  by  app ly ing  
the  absorp t ion  model  to the  p Regge pole. I t  has been  pointed  out  (12) t ha t  

this  model  will give the  correct  sign for the  polar izat ion in xA ° charge exchange;  
more  detai led calculations (~) have  shown t h a t  i t  can also give approx ima te ly  
the  correct  magni tude  for the  polarization,  as well as a good fit to the  differential  

cross-section. These successful calculations can now be regarded also as suc- 

cesses for the  hybr id  model.  
St r ic t ly  speaking,  our model  only allows us to compute  those inelastic ampli-  

tudes which can be expressed as differences of elastic ampl i tudes ,  bu t  we m a y  
easily generalize to obta in  the  absorpt ive  prescr ip t ion for other  processes. I n  
our formal ism,  the  s implest  way  is to t r e a t  eqs. (1), (2) and  (3) as equat ions for 
ma t r i x  ampl i tudes  which can connect  different states.  As long as we work to 
first order in inelastic t ransi t ions (~o, this procedure  is unambiguous ;  to this 
o rder , ' the re  is no question as to  what  s ta tes  to include in the  calculation, since 
any  ~ in te rmedia te  ~) s ta te  m u s t  be connected by  an  elastic t rans i t ion to ei ther  
the  init ial  or the  final state.  For  charge-exchange scattering,  this formula t ion  
clearly coincides wi th  the  one given previously,  bu t  i t  is sufficiently general to 

allow us to compute  absorp t ive  corrections in cases in which elastic scat ter ing 
m a y  be different in the  ini t ial  and  the  final s tates .  

The  hybr id  model  can enable  us to unders tand  some general  fea tures  of the 
angular  distr ibutions of inelastic processes.  I t  is known t h a t  the  slopes in mo- 
m e n t u m  t ransfer  of bo th  elastic and inelastic differential  cross-sections t end  
to decrease as the  m o m e n t u m  t ransfer  increases;  in our model ,  this  comes abou t  
main ly  th rough  mult ip le  scattering.  However ,  there  is no reason to believe t h a t  
the  single-scattering t e rms  (i.e., the  Regge pole) does not  continue to fall  rap-  
idly wi th  m o m e n t u m  transfer ,  especial ly if the  Regge- t ra jee tory  funct ion 
continues to decrease. Thus,  i t  is l ikely tha t ,  a t  large Itl, the  (inelastic) single- 
sca t te r ing  t e r m  is falling much  more  rap id ly  t h a n  is the  elastic ampl i tude.  
I n  this case, if we assume t h a t  the  init ial  and  final elastic ampl i tudes  have  more  
or less the  same slope, i t  follows easily t h a t  the  absorbed Regge pole has the  
same slope as does the  elastic ampl i tude.  P u t  ano ther  way,  a t  large It[, the  
dominan t  mechan i sm is the  exchange of one proper  t r a j ec to ry  toge ther  wi th  
m a n y  Pomeranchukons ,  in which case the  slope of t h a t  one t r a j ec to ry  becomes 
i r re levant .  

(2o) In the (~ n-th order ~) we include cuts involving exactly n proper trajectories, 
so that we are making an expansion in powers of l/s. 
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Thus we are led to predict  t ha t  a t  large It] (but always small angle!) ine- 
lastic and elastic differential cross-sections have the same slope, whether  or 
not  t hey  do at  small Itl (~1). This behaviour  is seen in the  reactions pp--> 
-->pJ~*(1520) and pp-->pJ~*(1690): for It] larger t han  about  2 GeV ~, the dif- 
ferential  cross-sections for these reactions and for pp elastic scat ter ing are 
str ikingly paral lel  (17.~). In  these examples the  inelastic process is itself pre  
sumably  due to  Pomeranchukon  exchange (diffraction dissociation); never- 
theless,  a t  small It[ the  slopes are markedly  different f rom the  elastic slope. 
We would expec t  the  differential  cross-section for product ion of the  J~*(1238) 
also to have  the  same slope (not the  same energy dependence) at  large It[. At  
large It[, the  details of the  product ion process are i r re levant ;  the slope is deter- 
mined by  absorption,  and so is the  same as the  elastic slope. 

3"2. What  about the Regge-pole modelf  - I t  is clear t h a t  absorpt ion can elim- 
inate  m any  of the  difficulties of the  Regge-pole model;  for example,  i t  can 
produce polarizat ion where otherwise there  would be none,  and provide con- 
spiracy wi thout  the  need for conspiring trajectories.  However ,  since the cor- 
rections we compute  t end  to be fair ly l a rge- - typ ica l ly  around 25 ~ of the am- 
pl i tude at  t ~ 0, and larger t han  tha t  for t ¢ 0mone  might  worry  tha t  this 
would also el iminate many  of the  t r iumphs of the  Regge-pole model. We 
would like to argue t ha t  this is not  so. 

Probab ly  the  most  impor tan t  aspect of Regge theory  is its predict ion of 
energy dependence,  in par t icular  its predict ion tha t  the ampli tude in the  phys- 
ical scat ter ing region is bounded by  s~°~; this bound is no way dis turbed b y  
mult iple-scattering corrections. Fur the rmore ,  since near  the  forward direction 
the  tips of the  cuts lie near  the  pole, thei r  energy dependence will be quite sim- 
ilar. Thus we expect  the  energy dependence predicted by  Regge theory  to 
be mainta ined (~a); this works in the  case of r:J~ charge exchange(5), and as 
we shall see i t  is also t rue  in the  example discussed below. 

]~Iultiple-scattering corrections will effect the t-dependence of ampli tudes,  
bu t  in most  cases Regge theory  does not  specify t-dependence, since there  is 
always an unknown residue function.  Regge theory  does predic t  dips when 
trajectories  pass through nonsense points,  and as we shall now show, at  least 
in  the  example of ~+p near-backward elastic scattering, absorpt ion does not  
affect this prediction.  

(21) This argument has previously been given by ARNOLD (ref. (lo)) for the case 
of small ]tl, but extremely large s. 

(22) E. W. ANDERSON, E. J .  BLESER, G. B. COLLINS, T. FUJII, J.  MENES, F. TUR- 
KOT, R. A. CA~RIGA~ jr., R. M. EDELSTEII~, N. C. HIEN, T. J. MCMAHoN and I. NA- 
D~.LHAFT: :Phys. Rev. Lett., 16, 855 (1966). 

(2a) For this reason, it is difficult to distinguish cuts from poles by the use of finite- 
energy sum rifles. 
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T h e  n u c l e o n  t r a j e c t o r y  is  t h o u g h t  to  p a s s  t h r o u g h  ~ - - - - - -½  a t - - u ~  

0.2 (GeV)~; a t  t h i s  v a l u e  of u~ t h e  ~:+p d i f f e r e n t i a l  c ross - sec t ion  is e x p e c t e d  (24)~ 

a n d  i n d e e d  o b s e r v e d  (le.~5.~8) to  h a v e  a d ip .  B e c a u s e  of t h e  e x p e c t e d  zero  in  

t h e  n u c l e o n - p o l e  t e r m ,  t h e  a b s o r p t i v e  c o r r e c t i o n ,  w h e n  e v a l u a t e d  n e a r  t h e  b a c k -  

w a r d  direct ion~ wil l  b e  a n o m a l o u s l y  sma l l ,  a n d  th i s  in  t u r n  wi l l  m e a n  t h a t  t h e  

d i p  is n o t  d i s t u r b e d .  T h e  zero  in  t h e  po le  t e r m  m e a n s  t h a t  t h e  b a c k w a r d  p e a k  

o 

i i i i  

1.0 O.B 0.6 0.4 0.2 0 

Fig. 3. - Differential cross-section for ~:+p 
backward elastic scattering at  P1~b 
--~ 5.9 GeV/e. The solid curve represents 
the contribution of a nucleon Regge pole 
adjusted so tha t  by  itself i t  fits the data,  
The dashed curve shows the computed 
cross-section after the absorptive correc- 
t ion is applied. See Appendix A for the 

parameters  used. 
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Fig. 4. - Differential cross-section for 
r:+p backward elastic scattering. The 
curves a t  5.9GeV/c ( ) and 10GeV/c 
(--  - -  - - )  are obtained with the inclusion 
of basorptive effect and the readjus tment  
of the pole residue function. Da ta  points:  
o at  5.9 GeV/c, a a t  9.9 GeV/e. See 

ref. (ls,25) for details. 

(24) C. B. CHIU and J. STACK: Phys. Rev., 153, 1575 (1967). 
(25) A. ASHMORE, C. J.  S. DAMERELL, W. R. FRISKEN, R. RUBINSTEIN, J.  0REAR, 

D. P. OW~N, F.  C. PETERSON, A. L. READ, D. G. RYAS and D. H. WHITE: Phys. 
Rev. Left., 19, 460 (1967). 

(~s) This structure was first noticed by  H. BRODY, R. LASZA, R. MARSHALL, J.  NIE- 
DERER, W. SELOV]~, M. SHOKET and R. VAN BERG: Phys. Rec. Lett.. 16, 828 (1966). 
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is ex t remely  steep;  this makes the  absorption small. Fur thermore ,  since the  
pole t e rm changes sign, there  will be extensive cancellations within the inte- 
gral defining the absorption,  and so the absorption will be even smaller. 

This point  can easily be verified by  direct  calculation. The solid curve in 
Fig. 3 represents  a nucleon-exchange Regge-pole t e rm which was constructed 
so tha t  it, by  itself, fits the  7:+p differential  cross-section at  Plab = 5.9 GeV/cl 
When  we apply absorpt ive corrections to this pole t e r m w t h e  dull details of 
this calculation, including the spinology, are presented in Appendix A - - t h e  
resul t  is the dashed curve shown in the  same Figure.  For  small lul the two 
curves almost  coincide; the  posi t ion of the  dip is not  changed. 

For  larger [u] the  absorpt ive correction is somewhat  more impor tant ,  and 
so the  secondary max imum is not  reproduced correctly.  We readjus ted  the 
pole-residue func t i on - -bu t  no t  the  t ra jec tory  func t ion- -so  tha t  the  absorbed 
pole fit the  differential cross-section at  P~ab= 5.9 GeV/c, and then  predicted 
the  differential cross-section a t  10 GeV/c. The results are shown in Fig. 4. This 
calculation indicates tha t ,  even in the presence of cuts, we can still have  a 
good fit to the 7:+p backward data ,  with the  energy dependence as well as the 
position of the dip controlled by  the  t ra jec tory  funct ion,  and thus still corre- 
lated with the masses of the nucleon and its recurrences.  

4. - Double  charge exchange.  

Another  possible application of the hybr id  model is in the analysis of reac- 
tions, such as K-p--> K+E - scattering, K - p  backward elastic scattering, or 
p~--> Z- ,~  + scattering, which do not  pe rmi t  the exchange of any single {known) 
Regge t ra jec to ry  (~7). We would expect  the  most  impor tan t  contr ibut ions to 
these reactions to come from simultaneous exchange of two trajectories,  and 
so would have to ex tend  our discussion to terms which are of second order 
in the  proper  t rajectories  (2o). Conversely, these reactions are perhaps the only 
instances in which these second-order terms are exper imental ly  accessible; 
cer ta inly the  results we have presented above have depended only on terms of 
zeroth or first order. 

I f  these reactions are indeed dominated by  Regge cuts, then  their  energy 
behaviour  should be {letting :¢1 and ~2 be the  intercepts  of the two trajectories  

exchanged) 

(7) d-~ In ( S / 8 o )  2 " 

I f  the  in tercept  of the K*- t ra jcc tory  is ~(0) ~ 0, then  for reactions domi- 

(27) This application of the hybrid model was first suggested to us by Prof. L. VA~" 
Hove. 
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na ted  b y  double K*-exchange,  this is da/dt~s-~/lns ~. I t  would be ex- 

t r eme ly  in teres t ing  if these  predict ions could be  tes ted  exper imenta l ly .  
To proceed fur ther ,  we would need some addi t ional  assumpt ions .  The sim- 

ples t  p ic ture  of these  react ions is t h a t  they  proceed b y  two stages,  wi th  each of 

the  two in te rmedia te  t ransi t ions governed by  the  ex- 

change of an (absorbed) Regge pole;  see Fig. 5 (~B). K + ,_--- 
Therefore  we are obliged to specify wha t  will be the  ~ K "  

(~ in te rmedia te  s ta tes  ,. This is an  ambigu i ty  which did ~° z ° 
not  arise in our previous  discussion of elastic and first- K" 

order inelastic transitions~ and is perhaps  a good indica- 
t ion t h a t  we are t ry ing  to push  our formal i sm too fax. K- ,p 

I f  we are willing to assume tha t  mul t ipar t ic le  inter-  
media te  s ta tes  are a l ready contained inside the  Regge Fig. 5. - A eontribu- 
poles, we have  only to say wha t  are the  mos t  impor-  tion to K - p ~ K + ~  -.  
t an t  two-body states.  Pe rhaps  the  bes t  guess is to See Appendix B for 

details. 
res t r ic t  ourselves to those s ta tes  mos t  closely re la ted  
to the  ex te rna l  s t a t e s - - s a y ,  those s ta tes  whose par-  
ticles lie wi thin  the  same mul t ip le ts  as the  externa l  part icles (we might  say 
t h a t  these are  minimal ly  inelastic in te rmedia te  states).  For  the  react ion 
K - p - > K  +.w- for example ,  we migh t  use SUa mult iple ts ,  and  so const ruct  

i n t e rmed ia te  s ta tes  out of e i ther  a r: ° or an ~o and  e i ther  a A ° or a Z °, and  no 
others .  A calculat ion based on these assumpt ions  is outl ined in Appendix  B. 

To pe r fo rm such a calculat ion seriously, one would need, as input ,  experi-  

men t a l  informat ion  on s t rangeness-changing react ions t ha t  can proceed b y  
exchanging a single Regge-pole--- that  is, one would need the  single-scat tering 

te rms .  Fo r  a given choice of the  s ingle-scat ter ing te rms ,  the  calculation out- 
l ined in Append ix  B turns  out  to give the  same resul ts  as those a l ready found 
b y  Dv.A~ (a) f rom the  quark  model .  This is not  surpris ing since, in the  hyb r id  
model ,  Regge cuts are computed  as if t hey  were the  mul t ip le-sca t ter ing  t e rms  

in a composi te  model.  
Cleaxly~ these  ideas on double sca t te r ing  are ex t r eme ly  speculative.  They  

would seem to require  a model  wi th  a cer ta in  group- theoret ic  s t ructure ,  in 
order  to select cer ta in  s ta tes  as being less inelastic t han  others.  I t  is no acci- 
den t  t h a t  i t  was when  we took our in te rmedia te  s ta tes  f rom the  same  SU~ 
mult ip le t s  as the  ex te rna l  s ta tes  t h a t  we obta ined  agreement  wi th  Dean ' s  (es- 
sent ia l ly  spinless) quark  model.  On the  other  hand,  the predict ion of energy 
dependence [eq. (7)] does not  re ly  on these speculations,  and so is on a f irmer 

footing. 

(~8) We are aware that Fig. 5, if interpreted as a Feynman diagram, does not give 
a cut. This does not prevent us from speculating that we might obtain a reasonable 
approximation to the amplitude by an alternative interpretation of the Figure. 
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APPENDIX A 

Absorption of the nucleon-exchange amplitude. 

The fact  t ha t  a zero in the nucleon-pole t e rm will cause the absorpt ive 
correction to be small could have been demonst ra ted  in an (imaginary) spinless 
case, bu t  i t  is not  hard  to include the effects of spin. We use s tandard  nota t ion  
for the 7:3~ problem; in par t icular  G±(s, t) are the s-channel helicity ampli tudes,  
with the normalizat ion 

(A.1) --da _~ __n []G+I2 ÷ IGI2] " 
dt k~s 

Let  6~: be a Regge-pole contr ibut ion in the t-channel to G±, and define 

(A.2) G~ cos 0 ~ + ,  
0 

= 6 ~ _ = s i n ~ G _ .  

Following A~NOLD (11), we define nonflip and flip eikonals Xo and XI by  

co 

xo(~, b) = ~ (xdxgo(xb)~+(~, -- x . ) ,  a s J 

(A.3) o 
¢o 

1 
t x~dxJ~(xb)G_(8,  --  xD . z,(s, b) = ~ - ~ .  

0 

The cut te rm due to exchange of two trajectories (which we distinguish by  
superscripts i and j) is 

= (1 - -16 , j ) ik2cos  0 t'bdbJo(b%/--t)[Z~Z~ + Z,' Zz]', G+(s, t) 
0 

(A.4) 

G_(s, t) = ( 1 -  lJ,j)ik2!bdbJ,(b~/-----t)[Z~oZ ~ + Z~ ZJo] . 
¢tl 

0 

I f  the  Regge-pole terms G+_ are chosen to  be exponentials  in t, then  all the  
integrals in (A.3) and (A.4) can be done analytically.  For  the absorpt ion cal- 
culation~ i t  is convenient  to imagine tha t  the elastic ampli tude is given by  a 
single-pole t e rm (i.e., ignore multiple-scattering corrections to the elastic am- 
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plitude), and then to use (A.4). We have used the ~p elastic da ta  of ref. (~9) 
to fit an exponent ia l  form to the elastic ampli tude,  which we assume to be 
purely imaginary and spin independent  (Z~ = 0). 

We have assumed the nucleon t ra jec tory  to be given by  as(u)  = - -  0.34 + u .  
We parametr ize  the near-backward ampli tude due to exchange of this t ra-  
jec tory as 

-- ( - -~V'  ~+ CoDo s(1 + exp [-- ig(~ -- ~)]) \so/ 
V~o 

(A.5) 

G-  --  ~ o  (1 + exp [-- i=(a -- ~)]) \Sol " 

The parameter  Do corresponds to 1/~d~o in ref. (~4), where i t  was determined 
to be 1.18 GeV -1. I f  we neglect the ~2~ mass difference, we can construct  an 
equivalent  forward problem by interchanging G+ and G_, and writ ing t for u; 
we can then direct ly use (A.4). 

Wi th  the following values of the parameters :  Co ---- 4.45, and So ---- 0.5 GeV ~, 
the pole t e rm alone fits the da ta  a t  £P~b ---- 5.9 GeV/c; this is the solid curve 
in Fig. 3. To make  the  absorbed pole be t te r  fit the  data,  we change only the 
value of So--to 0.9 GeV~--and compute  the curves shown in Fig. 4. 

A P P E N D I X  ]3 

Calculation ot K - p  -+ K+~  - .  

Figure 5 is intended as a mnemonic for the following procedure:  f rom the  
K*-contr ibut ion to the ampli tude for K - p - ~ ° Z  °, and to ~ ° Z ° - + K + ~ - ,  
calculate (two sets of) eikonals according to  eq. (A.3), and then  calculate a 
contr ibut ion to  the ampli tude for K - p - ~ K + Z - ,  according to  eq. (A.4). The  
~ in (A.4) is equal to one, since there  is only one kind of t ra jec tory  involved. 

In  addit ion to the picture shown in Fig. 5, we should also consider the  
contributions of the intermediate  states (u°A°), (~°A°), and (~°Z°), calculated 
in the same way. Fur thermore ,  we should include contributions from exchange 
of the t ra jec tory  of the K**(1400). Double exchange of the K** can clearly 
be t rea ted  in the same way as double exchange of the K*. In  the S/73 limit,  
there  is no contr ibut ion from exchange of a K* together  wi th  a K**, since 
the ampli tude is pure (37) in the t-channel, and so must  have positive signature. 
(In the formalism given here,  this is guaranteed by  the  fact ,  tha t ,  in addit ion 
to the picture  shown in Fig. 5, there  must  be another  kind of picture wi th  
the Regge poles crossed, and these two kinds of pictures would cancel if a K* 
and a K** were exchanged together.  We can forget these crossed pictures 
if we remember  not  to exchange a K* and a K** together.)  In  principle, we 
should also consider absorptive effects, tha t  is, there  should be Pomeranchukons  
floating all around Fig. 5. 

(29) K. J. FOLEY, S. J. LII~DENBAUM, W. A. LOVE, S. 0ZAKI, J. J. RUSSELL and 
L. C. L. YuA~: Phys. Rev. Lett., 11, 425 (1963). 
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R I A S S U N T O  (') 

I n  u n  ar t ico lo  p r e e e d e n t e  si ~ p ropos to  u n  model lo  (~ ib r ido  ~ pe r  lo s c a t t e r i n g  e las t ico 
a g r a n d i  energie  e piccoli  angol i  degli  ad ron i  e lo si ~ usa to  pe r  c o m p r e n d e r e  la  s t r u t t u r a  
dellc sezioni  d ' u r t o  p i o n e - p r o t o n e  e p r o t o n e - a n t i p r o t o n e  hel le  d i s t r ibuz ion i  angolar i .  
Ques to  model lo  deser ive  l ' a m p i e z z a  di s c a t t e r i n g  come  la  s o m m a  di  u n a  p a r t e  o t t i c a  
d i f f r a t t i v a  ed  u n a  p a r t e  d e r i v a n t e  dal lo scambio  di  poli  di  Regge  (~ assorb i t i  ~>; in  modo  
a l t e r n a t i v o ,  i l  model lo  p u b  essere preso come  u n a  prescr iz ione  specifica pe r  i l  calcolo 
degl i  effet t i  dei  t ag l i  di  Regge.  In  ques to  ar t ico lo  si p r e s e n t a n o  a lcun i  u l t e r io r i  r i su l t a t i  
o t t e n u t i  d a  ques to  model lo  ib r ido :  si e s t r apo l ano  le nos t r e  soluzioni  pe r  l ' a m p i e z z a  di 
p p  a d  pifi a l t e  energie .  Si d i m o s t r a  come  ques to  model lo  possa  essere es teso f ino a com- 
p r e n d e r e  s c a t t e r i n g  ane las t i c i  (oppure  s c a t t e r i n g  e las t ic i  con p r o d o t t i  f inal i  a l r i n d i e t r o ) ,  
ed  a cons ide ra te  process i  ehe n o n  possono essere desc r i t t i  da l  s ingolo scambio  di al- 
e u n a  t r a i e t t o r i a  di  Regge  no t a ,  come ~ nel  caso dello s c a t t e r i n g  e las t ico  a lP ind i e t ro  K - p .  
Si sp iega  perch~  i t ag l i  di  Regge n o n  inf lu iscano sul la  p r e senza  o la  col locazione del la  pen-  
d e n z a  ne l la  sezione d ' u r t o  differenziale  pe r  u r t i  quasi  a l l ' i nd ie t ro  di =+p, che  si p e n s a  de- 
r i v i  da  uno  zero senza  senso del la  t r a i e t t o r i a  del  nuc leone .  Si p red ice  che  le sezioni  d ' u r t o  
di f ferenzia l i  delle reaz ion i  e las t iehe  e ane la s t i ehe  d o v r e b b e r o  ave re  la  s tessa  d i p e n d e n z a  
d a  t pe r  va lor i  di  Itl g rand i ,  q u a l u n q u e  sia il loro c o m p o r t a m e n t o  pe r  It} piccoli .  

(*) T~'adu~tone a cura delia Redazione. 

Uu6px,auaa Mo,aest~: ,~a.rmne~mme peaysn, TaTt,i. 

Pe3mMe (*). - -  B npe21bI~yme~ CTaTbe M~I npe/Inor~HavI (( rnSpH~HyFO >> MO~enb lXari 
MaJIOyFJ'IOBOFO ylI0yFOFO pacce~taria aJlpOHOB rtpn BblCKHX 3HepFHflX, 14 HClIOJIb3OBaJIH ee 
~J1a TOrO, ~IT061,1 IIOH~Tb cTpyKTypy yrnoBb~x pacrtpe~e~eHnfi ~ a a  npoTon-nporonnb~x  H 
npOTOH-aHTHIIpOTOHHI, IX ~I4dpdpepeHI/lia.rlbHblX noIIepeqHbIX ce~leIql4tL ~)Ta MO~eYlb Ol-tI4- 
CbIBaeT alvtru~Ty)ly paccem~v[,  Kar CyMMy OHTHqeCKO~I )ii4~paKI/nOrInOi~ ~aCTH n ~IaCTH, 
BO3HHKaIOmeffl OT 06MeHa << rtorJ1oIBeHI~IM >> rIOJHOCOM Pe~)Ke; c apyro~t CTOpOHbI, 3Ta 
MO~enb MO)KeT 5bITb pacCMOTpeHa, rat< onpc~eJ1eHHb|~ pettenT ~n~ abiqHcnerm~t 3~(1)eKTOB 
pa3pe3oB P e t e .  B llaCTONIl~e~I p a S o r e  Mi, I HpHBOIIHM HeKOTOpbIe ~a.rlbHefiiLn4e pe3y- 
JlbTaTbl, IlOJIytIeHI-IbIe H3 3TOni rnSpH~Ho~ Mo~teaa: Mbt 3KCTpaIIoJII4pyeM HaIIIH pemelIH~l 

~ t  p p  aMIIJInTy~%I ~rIIl BbICOIfflX 91iepI'I4~I. M b l  noKa3biBaeM, KaK H a m a  Mo~lenb Mo~KeT 

6bITb pact tmpeHa ~J~a pacCMOTpeHn~ Heynpyroro  (Hfln o6paTHOrO y n p y r o r o )  pacce~tt4~t, 
n nay~enna  npo~eccoB, KOTOpb~e He MOryT 6b[Tb OHHcaH~,[ C IIOMOtI!bIO OT~e~IbHOrO o6Mena 
JHo6ofi n3BeCTHO~ TpaeKTopHefi Pe/1~Ke, TaKoro Kar K - p  06paTHOe yHpyroe paccenmae. 
Mbl O61,gcI~eM, IIO~eMy pa3pe3bI PeruKe He BJII~IIOT Ha IIpHcyTcTBne HJIH JIOKa.rIIl3aZl~lO 
i ipoBana B ~+p ~!i4~dpepem!nanbnoM rtortepe~IHOM ceqemll~ B6JII43Vl uanpasaerm~t  na3an,  
9~i'O~ ~yNIaeTc~ BO3HtiKa~T OT ~eCCMblCfleHHOFO t-ly2"Ilt HyKJ'/OHHOI~ TpaeKTopn/4. M~I  

npe~cKa3bmaeM, qTO ~l~t laepemma.~babm nonepeanr ,  m ceqeHnu ~lJm ynpyrnx  H n e y n p y r n x  
p e a r u n ~  noazcab~ HMeTb Ty ~re caMy~O 3aBtlCHMOCTb OT t npu  6oJ~bumx Itl, BHe 3aBHCH- 
MOQTH OT TOI'O, IIMeJlH OHI, I HYlH HeT O~lHrlaKOBylO 3aBHCHMOCTb n p n  MaJlblX t. 

(') llepeee~)eno peOamlue~. 


