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When the Pomeranchukon trajectory was introduced to fit the forward peaks of 
high-energy elastic scattering, it was initially assigned a slope ~(t) ~ 1 (GeV) -~ at small 
momentum ~ransfers t. Comparison of subsequent pp. pp, 7:p and Kp experiments with 
single-Pomeranehukon exchange models, however, indicated that  although the otl, er well- 
established trajectories seem to have a slope of this order, the Pomeranehukon trajectory 
fit best when assigned a small or even zero slope ~' (1). 

In  the present paper we return to this question of the Pomeranehukon slope, taking 
account of multiple-Pomeranchukon exchange corrections (i.e. nmltiple scattering), and 
incorporating the current theoretical idea that  the leading trajectories may be approxi- 
mately linear over the whole observed range of t. Remarkably, the inclusion of mul- 
tiple scattering resurrects the possibility that  the Pomeranchukon has a (~ normal ~ slope 
(a~ ~ 1 (GeV)-2). The model with this slope is consistent with the gross features of pp, 
15P, =P and Kp elastic-scattering data at present energies and makes the following 
distinctive predictions concerning future higher-energy experiments: 

i) d(~/dt will continue falling as energy increases at all but the smallest values 
of t, rather than reaching a plateau as it would if d~ = 0. 

ii) The total cross-section will eventually rise. We estimate ~ t  will rise from 
40 mb at 30 GeV, to ~ 50 mb at infinite energy. 

iii) The ratio R e  A ( O ) / I m A ( O )  for tile forward nonflip amplitude, which is gen- 
erally negative at present energies, will cross over and become positive at 
higher energies. 

Before proceeding further, we should acknowledge that  multiple-scattering treat- 
mcnt of the elastic peak is an old idea. For example, AM.4.TI et el.  (2), ANS~LM and 

(*) Al f red  1'. S loan  F o u n d a t i o n  Fel low.  P e r m a n e n t  add re s s :  Phys i c s  D e p a r t m e n t ,  Cal i fornia  Ins t i -  
t u t e  of Techno logy ,  P a s a d e n a ,  Cal.  

(**) N ~ t i o n a l  Resea rch  Counci l  of C a n a d a  Senior  l ( c sea rch  Fel low.  On  leave  f rom I n s t i t u t e  of 
T h e o r e t i c a l  Phys i c s ,  McGil l  U n i v e r s i t y ,  Mon t rea l .  

(1) See, fo r  examt)le ,  G. F.  CHEW: Comm. Nucl. Part. Phys., 1, 121 (1967). 
(2) D. AMATI, M. CINI a n d  A.  STANGHELLINI: N~IOVO Cimento, 30, 19:r (1963); A.  A.  A~rSEL3I a n d  

I .  T. DYATLOV: Phys. Lett., 24, 13 479 (1967). In  par t icuh~r ,  ANSELM a n d  ])YATLOV have  s t ressed  t h a t  
a~ ~ 1 (GeYfc) -* fits tile p p  d a t a .  
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D Y A T L O V  (2), and CONTOGOURIS (a) have t reated multiple exchange of the moving 
Pomeranchukon trajectory,  while a number of authors (4-s) have discussed multiple scat- 
tering for a fixed spin exchange (i.e. %(t) ~-- 1). In all these cases mult~iplc scattering 
takes over at  large momentmn transfers and causes da/dt to fall off less rapidly therc, 
in agreement with the general features noted in nuclear physics by GLAUBER (v). The 
new technical feature of our model is that  it  is the first calculation based on a Reggeized 
single exchange which makes full use of thc Glaubcr formalism for generating multiple- 
exchange corrections (s). 

The assumptions made in our model are as follows: 

i) We eonsidcr only the helicity nonflip amplitmde A(s, t). This seems reasonable 
because nonflip scattering is the dominant  elastic process at  small t, and we shall find 
that  even largc-t processes are dominated by successive exchanges which individually 
involve It] ~ 0.5 (GeV) ~. 

ii) We assume a straight-line t rajectory,  

(1 )  % ( t )  = 1 -~- t a '  . 

The coupling is assumed such that  the single Pomeranehukon exchange contr ibut ion to 
A is 

(2) A~ol,(s, t)= c(~ exp [ - - i u /2 ] )  ~(~) . 

Concerning tim omission of the signature zeros a~ % ~ - - 1 , - - 3 ,  ... in eq. (2), we 
note tha t  these could only affect momentum transfers of ltl >~ 2 (GeV): in a single ex- 
change, which (as noted above) are not impor tant  for multiple scattering. 

iii) \Ve represent A by Glauber 's  formula (~) 

(3) 
d2b 

A(s, t)= ilc~/~| (1 - - c x p  [2i6(b)]) exp [it .q] 
d 

where b is the impact  parameter,  ~ the corresponding phase shift, q thc three-momentum 
transfer (t = _q2) ,  and k the centre-of-mass momentum. This formula is val id at  high 
cnergies and small angles. 

(3) A.  P .  CONTOaOUR1S: Phys. Lell., 23, 698 (1(,)66). 
(4) L.  VAN I IovE:  Nuovo Cimcnto, 28, 798 (1963); "~V. COTTINGII:~,I~I a n d  R .  F.  PEIERLS: Phys. 

ldet'., 137, B 1~7 (1965); I .  V. ANDREEV a n d  I .  M. 1)RE.~IIN: The large-angle elastic sc(dlering at high 
e~erglcs, L c b c d e v  I n s t i t u t e  p r e p r i n t  (1968). 

(s) T.  T.  C B o u  a n 4  C. U. YAN(I: Phys. tiers. Left,, 9,0, 1213 (1968); L.  DUR.XNI) I I I  a,nd 1{. L1P~,;s: 

Phys. Rev. Letl., 20, 637 (1968). 
(") C. B. CHIU a n d  J. FINKELSTEIN: ,4 hybrid model ]or elastic scattering, C E R N  p r e p r i n t ,  T H .  S92 

(1968). 
(7) R .  J .  GI,XUBEIr Lectures in Theoretlcal Physics, cal. W.  E.  1{RITTEI~ el al., vol .  1 (New Y o r k ,  

195.(}), p.  315; lligh-E~ergy Physics and Nuclear Structure ( A m s t e r d a m ,  1967), p.  311. 
(a) AMATI et at. u s e d  un i t~ r i t y ,  t h e  l{cggc i n p u t  b e i n g  ident i f ied  w i t h  t h e  itLel~sLic c o n t r i b u t i o n s  

to  t he  u n i t a r i t y  r e l a t i o n  (our f o r m a l i s m  does n o t  invo lve  t h i s  p a r t i c u l a r  iden t i f i ca t ion) .  CONTOGOURIS 
used  Gl~uber ' s  e ikona l  a p p r o x i m a t i o n ,  b u t  iu  a s o m e w h a t  d i f ferent  w a y  t h a n  we do. The  f i rs t  sugges t i on  
t t l a t  l r  t e r m s  be  ident i f ied  w i t h  the  B o r n  ~ p p r o x i m ~ t i o n  to  G l a u b e r ' s  m u l t i p l e - s c a t t e r i n g  t h e o r y  
w a s  m a d e  b y  R .  C. ARNOLD: Phys. Rev., 140, 131022 (1965); 153, 1523 (1967). The  m o d e l  of Ch iu  
~nd  F iuke l s t e in  uses t h i s  iden t i f i ca t ion ,  b u t  w i t h  up(t) f ixed a t  1. 
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iv) We ident i fy  single Pomeranehukon  exelumg'e with the << Born a pproxinmt ion  >> 
to Glauber ' s  fornmla:  

f dSb 
(4) A~o~e(S, __q2) = i/c V/*]  ~ -4~ ( -  2/<}(b)) exp l ib  q J .  

W h a t  is involved in this, our most novel assunai)tion, is the usual identification of the 
phase in Glauber ' s  formula with ,~in/le scattering,  and the assumpt ion that  single scat- 
ter ing is given by .I[,o~+, or re , re  generally 1)y the sum over all 7l{eg'gc poles. I t  follows 
tha t  mul t iple  scat ter ing is represented hy I{e~ge cuts, and in this connect;ion we note 
tha t  Mandels tam's  famous diagram (~) for the first cut  (Fi~. 1) does have precisely the 
form of a double scat tering,  with particle A for e• separat ing into components  
a and b which sm~.eessively scatter  off comi)o,~e~)l,s of part icle B. 

Given ~hesc assumptions,  the c(msequences of 
the model are easy t<, compute,  l{eeogldzing tha t  
eq. (4) has the form of a Fourier  transfornl ,  one 
inver ts  the t ransform and finds 

(5) [ - i l c ~  exp[  ib  q] ,  

which, for A~o~+ as given in eq. (2), is 

(6) 2i6(b) . . . .  exp [-- b2/4s p] ff 

\.~ ~ % B 

l"ig. l .  - Di0,~II/III which,  a c c o r d i n g  to 
3IANDEL~TAM (0), g ives  a ]'{egge c~tt. 
S t r a i g h t  l ines  r ep re sen t  l)articles,  w a v y  
l ines  r(~I)r(~Sellt t he  l)onl(,ra]lchlll,:oil tt'~t- 

j cc to ry .  

with e = cv / s /2ka ' s  o and /t = ln(s/So) i~/2. The s t rength paranwter  $ is posit ive 
(from eq. (2) and  the optical  timorem, one sees tha t  c is ncgativ(;) and constmt~ 
( \ / ~ / k  -+ const at high energies). Inser t ing  (6) into (3), expanding  e 0- '~ in a power series, 
and  performing the resul t ing simi)le in tegrat ions  over Gaussians,  we find 

(7) 
~ 1  [to:'/q 

L ~ J  

Equa t ion  (7) expresses the ampl i tude  in terms of three parameters  (s o, e', and the 
s t rength parameter  ~). We have evaluated the sum by computer ,  keeping % at the 
<;onvcntional wduc 1 (GeV) 2, and  varying  ~ and ~' to fit l m = l ( t =  0 ) =  (lcVs/43z)ato~v t 
and  the general  t rend  of the t-dependence of d%~jdt. The best fit is obta ined  with 

= 7 and a ' =  0.82 (GcV) 2; it is compared with pp data  (l ~ in Fig. 2a). Only data  a~ 

(~) S. ~[ANDELSTAM: z~'~IOVO Ci~n('ttf,), 30, |14:8 (1963). 
(Io) A. N. DIDDEN,q, E. [+ILLETI[UN +, (]. ~IAN+NIN(;, A. I+:. TAVLOR, T. (+. "~VALIiI+',R art(1 A. M. VVE- 

TItERELL: I'hffs. leer. Le t t . ,  9, l l l  (1962). 
(zx) D. ][ARTING, P. I3LACKALL, B. ]~]LSNI,:R, A. (~. ][I,:LMII(H=Z, ~+. C. ~IIDDELKOOP, •. I>()~VELL, 

]~. ZACIIAROV, I). ZANELLA, l ). DAIA'LXZ, ~[. N. lOOCACCI~ S. b'OCARI)I, (}. (~IACOMELL], L. ~IONARI, J .  A.  
BEANEy, ] k  A, DONALD, P.  MASON, L. ~V. JONES aIld D. O. CALDXVELL: N~4OVO Cimento, 38, 60 (1965). 

(t2) G. (!OCCONI, V. T. CoccoNI ,  A. ]). KRISCI{, J .  ()nEAR, ]{. RURINSTEIN, D. ]~. S(:AICL, ]~. T. UL- 
RICH, W. }*'. ]~AKER, E. W. ,IENF:IN',~ ~nd A. ]+. RJ,]AD: ]'hp8. ]l'e~'., 138, ]~ |65  ([(3~i5). 

(.s) K .  J .  FOLEY, 1(. ,~, (]ILl, lORE, S. :J. LINI)I.;N]/AU3[, ~V. A. LOVE, ,~, OZAKI, E. ][.  ~,VILLEN, R. YA- 
MADA a n d  L. C. L.  Y l r a x :  Phys .  Nev. L<'l[., 15, 45 (1965). 

(14) j .  V. ALLABY~ A. N. ])II)])ENS, A. KLOVNING, l~]. LIL1A'iTH(~N, E . . ] .  ~ACIIAR1DI,q, K ,  SCIILUP" 
,~IANIg a n d  A. M. ~VETIIERELL: l 'hys .  Lel t . ,  9=7, B 49 (]96S). 

74 - I I  Nuovo Cimento A .  



1158 s. FRAUTSCHI a n d  B. MARGOLIS 

0 ....  ~ 45 ~ h a v e  been  inc luded  in  Fig. 2a) I0 2s 

since t he  G laube r  fo rmal i sm does no t  ap- 
p ly  to  large angles.  In  general ,  t he  bes t  fi t  
p r e s e n t e d  in  Fig. 2a) has  a b o u t  t he  r i gh t  

10--" e x p o n e n t i a l  fall-off a t  large t, (( sh r inks  >) 
su i t ab ly  as s increases ,  a n d  has  a <~ b r e a k  ~> 
cor rec t ly  p laced  nea r  t = - -  1.2 (GeV) 2. Of 
course  seconda ry  t r a j ec to r i e s  shou ld  also i0-29 

be a d d e d  in t he  usua l  w a y ;  t h e y  are 
n e e d e d  to r educe  t he  bulge  nea r  t 
-- 1.2 GeV/e% a n d  to m a k e  R e A ( 0 ) /  

3 
/ h n A ( 0 )  a n d  t he  energy dependence  of ~10 
O " t ~  c o n i c  ou t  r i g h t  as d iscussed below. ~ 
I n  t he  p r e sen t  paper ,  however ,  we l i m i t  --~ 
ourse lves  to t h e  s imple  P o m e r a n e h u k o n  

wh ich  does r ep resen t  t he  gross lea- "'~10-33 model ,  
t u r e s  of t he  d a t a  in  t e r m s  of only  t h r ee  v 

~ D  

p a r a m e t e r s ,  i nc lud ing  n o r m a l  cd a n d  s o. 

Since t he  resu l t s  of numer i ca l  ealeula-  10+~ 
t ions  are b y  t hemse lves  r a t h e r  u n t r a n s -  
p a r e n t ,  i t  m a y  p rove  he lpfu l  to discuss 
br ief ly  some a n a l y t i c a l  f ea tu res  of t h e  
model .  The  n - t h  t e r m  in  eq. (7), w h i c h  i0 -3~ 

is ident i f ied  phys ica l ly  w i t h  n - t i t -o rder  
s ca t t e r i ng  (n P o m e r a n c h u k o n  exchanges)  
since i t  arises f rom (2i6)% can  be  w r i t t e n  

(8) A ,  = e o n s t ( s  \~+t~,'/,~ 
E -  �9 

For  n ~ 2 th i s  express ion  r ep re sen t s  a 
(< Rcgge cut  ~> wich  ex t ends  up  to ~ ( t )  = 
= 1 + t=d/n and  has  a d i s c o n t i n n i t y  of 

7C 

a) \ 

0 I 2 3 4. 5 6 7 

I tI[<G v/ l'l 

Fig. 2a. - Proton-proton scattering, calculated using 
formula (8). Experimental data from rcfs.('~'~4): 
�9 12.1 GeV/c, ~ 12.4 GeV/c, �9 18.t GeV/c, ~' - 

=0.82 (GcV/c) 2, ~ 7, so~ I (GcV)% 

t h e  fo rm ( a - - ~ ' m ~ ) ' - 2 ;  we can  see th i s  b y  w r i t i n g  t he  c o n t o u r  i n t e g r a l  a r o u n d  the  

cu t  as 

(9) 

CCma~ 

- c o  

m a x  ). d~(ce - -  cq~)  ~-~ exp  Jell] = (n - -  2) ! 
/~n-1 

- - c o  

T h u s  t h e  m e c h a n i s m  by  wh ich  nnf l t ip le  s c a t t e r i n g  t akes  over  a t  large  t or large  s is 
t he  one expec t ed  (o.as) ill Regge theory ,  t h a t  cu ts  e x t e n d i n g  up  to ~ . . . .  = 1 + t~ ' / n  

progress ive ly  d o m i n a t e  t he  pole  a t  a =  l + t a ' .  Whi l e  i t  h a s  been  poss ible  to  ignore  

(~5) D. AMATI, S. FUBINI and A. STANGHELLINI: Ntlo~)o Cimento, 26, 896 (1962). 
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cut  te rms  at small  t as a firs~ approx imat ion  (though even at t = 0, t hey  give correc- 
t ions of order ~-), this approx imat ion  becomes comi)let(,ly un tenable  at  large t for tra-  
jectories,  such as the l inear one we have  assumed, which fall  well  below the  branch 
points  of the  first few cuts. Numerical ly ,  we see from eq. (7) t ha t  for typ ica l  values 
such as l n ( s l s o ) ~  4 (El~b ~ 30 GeV), $ : :  7, and c~'=:= 0.82 (GeV/c)2,  the t rans i t ion  f rom 
single to double exchange dominance  occurs at t ~ 0.6 GeV/e 2, from double to tr iple 
at t ~ - -  1.8 GeV/c 2, and so forth.  This is the basis for our statement; tha t  each indiv idual  
scat ter ing involves  a re la t ively  s m a l l  l i i O i i i e n t u l i i  t ransfer  ( roughly ~ t ~ �89 GeV/e 
for typical  cases). 

At  large t, the  donfinant  exchange has an n of order 

(lo) 
- -  t~' ln(s/so) 

When  g is large, one can approx ima te  the su.ln over ~ in (7) by an in tegra l  over  n. The 
in tegrand  is strongly peaked at  n = g, and the  dominan t  features of the  in tegra l  can 
be es t imated  from the  behaviour  at this point  (1~:7). We find to a rough approxima-  
t ion tha t  the  magni tude  of A is given by 

(11) [ IAIooLi p - 2  
80 80 

Thus the  mul t ip le-sca t ter ing  corrections conver t  the Gauss/an m o m e n t u m  transfer  
dependence A,o~r e x p [ -  a ( ~ , / ~ ) ~ ] ,  character is t ic  of small t, into the exponent ia l  
dependence A oc exp [ b ~ / -  t] character is t ic  of large-t da ta  if :s) .  0r ,  to put  i t  anoth-  
er way,  they  conver t  an inpu t  which falls off faster than  the  Cerulus-Mart in bound 0 s) 
into an ou tpu t  lying just  wi th in  the  bound.  Concerning the s-dependence,  by rewri t ing 
eq. (11) in the  form 

(1~)  Izl ] OC (sll--2{t~'hi-'(sis~ , 
\So /  

we see tha t  at large t one can speak of an <~ effective ~ >> 

(13) ~s< = 1 - -  2 I t s '  l u - ' ( S / S o ) i n  I~/,,,.[]~, 

which, for example,  reaches atff ~ - -  1.6 at t = 8 (GeV) ~ for 30 GeV pp scat ter ing 
wi th  the  parameters  cited above.  

Al though our model  is quMita t ively  successful in represent ing the  pp data,  it does 
/ / 

not  follow tha t  c~v is necessarily large, since good ]its exist  in whicli % small  or zero and 
secondary t rajector ies  arc responsible for the observed shrinking (19). Howcver ,  models 

('~) G. (fOCCONI: Inlerprettdion el the lra~.w, erse-momenhtm distribution o] parth'les in high-energy 
hadron collisions, C E I ( N  In t c i ' na l  I ( cpo r t  NI  ) 6S-17 (1968) (to be  pub l i shed  in  Nuovo Cimento). 

(17) S. FRALTTSCItI, O. KOFOED-i[ANSEN (~ll(| ]2~. MAR(I()LIS: to be  pub l i shed .  
(Is) F.  (~ERULU8 &Iit[ A.  ~IAItTIN: P]l!lS. Loll., 8, 80 (196-1); T. KINOSIIITA: Phys. Rev. Lelt., 12, 

256 (1964); A. MARTIN; ~Vuovo Cimento, 37, 671 (1965). 
(~0) VV. I(-~RITA, I/ .  J .  RIDDELL, C. ]L CItIu a n d  1(. J .  N. [qIILLIPS: l'hys, l?ev., 165, 1615 (1968). 
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! ! 
with ~v ~ 1 (GeV/e) -~ and ~, -- 0 do differ distinetivcly in the energy range available 
to the next generation of accelerators and colliding beams. 

i) In models with a fixed spin-one exchange, an asymptotic platcau is eventually 
reached above which the fixed spin exchange dominates and da/dt is essentially energy- 
independent. CHIU and FINKELSTEIN (6), and (with different assumptions) ABARBANEL, 
DRI':LL and GILMAN (20), have estimated the rate at which this condition is approached, 
and find that asymptot:s should be reached at laboratory energies of the order of 
(100--200) GeV. If ~ ~ 1 (GeV/c) ~- on the other hand, d~/dt keeps falling, as indicated 
by the predictions in Fig. 2a), for 70 GeV (Serpukhov energy) and 1600 GcV (CF, RN col- 
liding-be, am equivalent laboratory energy). 

ii) For ~ ' =  0, (/tot approaches a constant asymptotically, whereas in our model 
it can he deduced by combining the optical theorem (/to~= (4~/k,x/~)hnA(0) with 
eq. (7) : 

1 
(14) (/to~= 8~s  ~ --T Re(--$f~)~ 1. 

n = l  nr/~. 

To get an idea of what happens, consider the first two terms: 

(is) 
$ In (S/So) ] 

~tot= const 1 4[ln2(stso) Jr Jr214J ~ 0(~2) " 

We see that a t~ rises logarithmically as s increases. At present cnergies this rise is 
masked by secondary trajectories, but  since their contribution dccreases like s t the 
logarithmic rise should eventually take over. The physical mechanism operating here 
is wcll known (2~): the second-order term contributes a Glauber shadow, and in the 
Regge-cut theory the shadowing decreases like lns. The amount a t '̀~ rises will depend 
on the secondary trajectories, which we have omittedl but  to obtain ~ first approxi- 
m~tion we insert the p,~rameters for our best pp fit into eq. (14) ~nd obtain ~ rise front 
a~ t = 40 mb at 30 GeV to ~ 55 mb in the asymptotic limit. A crude estimate of the 
probable effect of secondary trajectories reduces this asymptotic value to ~ 50 rob. 

iii) The higher-order terms in eq. (7) also contribute a real part to A (0) as a result 
of the phase variation introduced by nonzero s  For example, through second order 
one has 

zk V ~ ' ~  2 
(16) R e A ( 0 ) -  -? O(~2) �9 

4 In 2 (s[so) ~- ~ 

This real part  is falling (relative to Im A(0)) like ln~(s/so) and has ReA(O) / ImA(O)  
positive (6) and of order 0.1 at 30 GeV. In ordcr to fit the present data, which show 
Re A(O)/hnA(O) negativc, one must again call upon secondary trajectories. These 
secondary contributions, however, fall off like s �89 so at higher energies ReA(0)/Im A(0) 
is expected to change sign. 

(2o) I I .  ABARBAN['IL, S. DRELL a n d  F .  GILSIAN: 1)hys. Rev. Lelt., 20, 280 (1968).  
(21) B.  M. UDG,t().~'KAR a n d  M. GI,:LL-MANN: Phys. Rev. Left., 8, 346 (1962) .  
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We have also worked out  the consequences of our model for ~hp (13) and sp  (~'~) 
scat ter ing (Fig. 2b)). Here a' should be kept  the same. We have again used the same s o 
for simplici ty,  while vary ing  } to fit the nmgnitu(te of a t~ in each case (for pp this 
represents  a change in the niodel, ~he large 
} ~  now referring to the combined coupling 
of all t r a j ec to r ies - - t aken  to have common s o 
and ~ ' - - a t  the energy considered in Fig. 2b)). 
The model produces the correlation between 
large o t~ and narrow peak width expectcd 
on e~emen~ary grounds ( 0 ~  ~,lPn~hh) ~ /~) .  
The mechanism is tb .~  largor a ~~ implies 
greater coupling s t rength  ~, and this in- 
creases the double-scat ter ing correction, 
which is acting to reduce the peak width. 
iV[ore precisely, if wc write A = a ( l - - b [ t l q  
§ at  small  t, the first two terms in 
eq. (7) give 

(17) b = its'  [1 + ~/8/~ + O(~) ] ,  

which increases wi th  ~. hi a sinfilar 
way  (6.24), when secondary trajectories are 
in t roduced which make at'; t differ from 

ta~ asp, etc., Regge-cut corrections can give 
the (, cross-over phenomenon  ,~ between thc 
daldt of pp and l~P, ndp and n-p ,  and  K~p 
and  K - p  wi thout  hypothesizing zeros in 
the couplings of the secondary trajectories.  
Secondary trajectories are needed to fit the 
observed decrease of a t~ the negat ive  sign 

10 2~ )~ 

r ~  ~ 
['.2 ",, 

t)) 

I 2 3 & 5 6 7 

I tl [/o~v/~/] 

Fig .  2b. - n p  ~m4 i]P e l a s t i c  s c a t t e r i n g ,  cal-  
c u l a t e d  u s i n g  f o r m u l a  (,~). E x p e r i m e n t a l  d a t a  
fl'Olll rc f .  (la 2'-),2a)1 - -  - pp ,  ~ -- 10, I)lab -- 

16 GcV/c ,  ,x' : 0.82 (GcV/c)  -~, s0- -  1 ((IcV)~; 
- -  r :h) ,  } : 4, lhab -: 12.5 G e V / c ;  o n+p,  

18 (h~Vic; $ ~EI) , 12 G c V / c ;  �9 I;I), 15.91 ( IcV/c .  

of ReA(O)Ih.A(O), and the str iking np dip at t ~ - - 3  GeV/c 2 which has been seen 
up through P~b = 8 GeVlc at least (.,3). In  comwctioil with this  dip, we recall tha t  
in addi t ion to breaks or dips associated with t rans i t ions  from n-exchange dominance 
to ( n + l ) - e x c t m n g e  dominance  (5-7). other dips associated with definite integer or half- 
integer a are possible, (es.~). The first k ind persists at high energies (though shifting 
posit ion slowly if % w~ries with t) and  is no t  necessarily associated with any  par t icular  
value of a; the second kind caa shine fl)rth only at relat ively low t (or u) where single 
exchange is impor tan t ,  and  will disappear as the energy rises (disappearing rapidly if 
another  pole lies higher, slowly if (rely cuts lie higher). I t  remains  to be seen if the 
t = - - 3  (GeV) 2 dip can be explained in this way (2a). 

We conchtde wi th  several comnmnts  and  points  for fur ther  s tudy.  

(~ )  K .  J .  FOLEY, S. J .  LINDENBAUM, W.  A .  LOVE, S. ()ZAKI, J .  J .  ]~]L~S.ql.]LL a n d  L.  C. L .  YUAN: 
P h y s .  Rev .  lLell., 11, 425 (1963).  

(33) j .  OREAR, ]{. I{UBINSTEIN, D. ]3. SUARL, ]) .  ]3. WII1TE, A .  ]). KR1SCII, "~V. 1~. FI~ISKEN, A.  L .  
l lEAD a n d  H .  I{UDERhlAN: Phys .  Rev. ,  152, 1162 (1966).  

(~*) V. ]:~ARGER a n d  L .  ])URAN]) I I I :  Phys .  Roy. Let t . ,  19, 1295 (1967).  
(2~) G.  I{i)tILER, J .  ]JAACKE, 1| .  SCI[LAILE a n d  ] ' .  SONI)ERI.iGGEIr Ph.q8. Lef t . ,  20, 79 (1966);  F.  AR- 

n a b  a n d  C. C m u :  Phys .  leer., 147, 1045 (1966);  S. FRAUTS(~HI: Phys,  l?ev. Lef t . ,  i7 ,  722 (1966).  
(*a) V.  BARGER a n d  i{. J .  N.  PIIILLIPS: Phys .  Rev.  Let t . ,  20, 564 (1968).  
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i) In the Glauber t ra tment  of elastic scattering, taking A(t) pure imaginary 
produces deep dips at the transitions from single-scattering to double-scattering dora. 
inance, etc., due to interference between the two terms. The dips may be filled in by 
adding a phase (i.e. by giving A a real part  which does not vanish at the same points 
as Im A), or by adding helicity-flip amplitudes. In our model the signature factor auto- 
nmtically introduces a t-dependent phase, and this is the mechanism which converts 
the dips into mere breaks. But when doublc scattering takes over at sufficiently small t, 
as happens at vary high energy or when ~ is especially large, the phase ha.s less chance 
to develop between t = 0 and tb~k, and the dip is less completely filled in. Thus dips 
can be seen in the 1600 GcV pp curve (Fig. 2a)), and in the ~p curve (Fig. 2b)). 

ii) Historically, the original assignment of a large slope to ~ failed when it was 
discovered that  although the pp peak (( shrank ~>, the r:p peak was essentially energy- 
independent and the pp peak actually expanded. Secondary trajectories could account 

, (,.9) for these differences, but only if ~p was small . In our multiple-scattering mode, 
the shrinking is numerically about the same at small t as in a single-pole model wi~h 

! 
the same (large) ~ ,  so we nmst explain why we believe the secondary trajectories will 
have a greater capacity to counterac~ the shrinking this time. One reason is that  the 
simple inverse connection between a t~ and peak width, mentioned before eq. (17), 
together with the appreciable rise of 6 t~ from 10 to 30 GeV in our model, would already 
lead one to expect shrinking. When the secondary trajectories are added to make a 
flat a t~ , and falling a t-~ and a=pt~ this physical, source of shrinking will be removed, or 
even reversed to expansion in the case of l~p and rcp, and crude estimatcs indicate that  
the physically observed betmviour will not be so difficult to obtain. Another way to 
put it is that  the secondary trajectories must be more strongly coupled in our model 
since they must make up the difference between falling ]~p and ~p total  cross-sections 
and rising multiple l 'omeranchukon-exchango contributions. 

iii) Empirically some reactions, such as ~,h" charge exchange, can be described 
fairly well over the range 0 ~ It[ ~ 1 (GcV) ~ with a single-pole exchange. In these 
cases nmltiple exchange again produces cuts extending to the right of the poles by the 
usual amount, so we have to explain why nmltiplc exchange is more important  for the 
elastic peak than for these cases. Fortunately several groups (~7.29) have studied the 
example of the p-exchange contribution to the helicity-flip ~ -p -~  r:~ amplitude, and 
all agree that  the double-scattering correction associated with (p §  ex- 
change is indeed quite small near t = 0. The reason (2s.29) is tho change of sign in 
the p coupling at t = - - 0 . 6  (GeV) 2, which produces cancellations in the double-scat- 
tering correction. CHIu a.nd FINKELSTEIN (2s) hgve found a similar situation in back- 
ward ~+p -> p~+ due to the zero in nucleon-trajectory exchange at u = - -0 .2  (GeVp. 
Thus it appears that  the relative success of simple pole models at small momentum 

transfer in certain cases can be understood. 

iv) Recently there has been considerable discussion about conspiracies at t = 0, 
and about factorization of Reggc-pole couplings at t = 0, at the ~ cross-over point ~, 
at points where ~ = 0, etc. In general, Reggc cuts do not factor and do not have a 
definite conspiring or evasive behaviour (i.e. a definite Toiler quantum number M). 
Thus inclusion of Reggc cuts reopens all these subjects; for example absorption models 

(27) ]~ (~. O. FREUND a n d  P.  J .  O'DONOVAN: Phys. Rev. Lett., 20, J329 (1968). 
(2s) C. CHIu a n d  J .  I~IINKELSTEIN: p r i v a t e  c o m m u n i c a t i o n .  
(2~) (~. COIIEN-TAI~NOUDJI: p r i v a t e  c o m m u n i c a t i o n  on tho  w o r k  of t h e  Sac l ay  g r o u p .  
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of np charge-exchange which include second-order scattering easily turn the forward 
dip associated with evasive r: exchange into ,~ narrow forward peak (30). The interesting 
question then arises : do all Rcgge poles have the lowest possible Toller quantum numbers 
M =  0 (bosons) and M = 1 (fcrmions), with the higher M contributions needed to 
fit experiment coming exclusively from cuts, or does M nmrely take on low values for 
the top Jew trajectories, as is the case with various other quantum numbers. To study 
this phenomenologically one can assume dcfinitc quantum numbers for the poles, cal- 
culate the multiple-scattering corrections (which will automatically include some con- 
spiring terms correspondi~g to M >  l), and see if the amount of conspiracy thus in- 
troduced is sufficient to cxplain the data consistently. 

t 
v) If ~ ~ 0.8 (GeV) -2, one expects a 2 + particle with mass ~ 1100 MeV. There 

are several possible candidates, such as the f~ McV) and the recently discovered 
1085 MeV resonance (al), whose possible connection to the Pomeranchukon has been dis- 
cussed by Johnson  (a2). Note that although the usual analysis (3a) gives strong reasons 
for associating the f0 with P '  rather than the Pomeranchukon, the whole question of 
the P '  trajectory is reopened when cuts arc present. 
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