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S u m m a r y .  - -  An approach for calculating Regge-cut contributions in 
certain two-body inelastic reactions is formulated and it is shown that 
it leads to amplitudes with all the properties established in dynamical 
models of cuts in complex angular momentum. With this, a model based 
on a nonconspiring pion accounts well for near-forward ~'p-+r:+n, with 
one free parameter which is approximately obtained from independent 
information. The same model (based on r Regge exchange) describes well 
yp~:;op for momentum transfers (--t)�89 GeV; the t-dependence of 
da/dt in a wide range of energies and the ratio of cross-sections with 
polarized photons is obtained with no free parameters. Finally, the model 
accounts well for the absolute magnitude and variation of ~+p-~ p~ 
at small It[. 

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

I t  is well known tha t  a Regge-pole description of np --~ pn and of yp -+ ~+n 
necessitates a pion conspiring with a t ra jectory of opposite par i ty  (1.2). How- 

ever, if a conspiring pion controls ~3~-+ pA, the  differential cross-section of 

this react ion should exhibit  a forward dip (3); in constrast,  a forward peak is 

experimental ly observed (4). Regge-pole fits of 7~J~-+ ~A with a conspiring 

pion are possible; bu t  they  correspond to a complicated physical  picture and 
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conta in  a large n u m b e r  of free pa r ame te r s  (5). Because of these undesirable 
fea tures  and the  absence of physical  part icles lying on conspira tor  trajectories,  
o ther ,  conspiracy-free,  descriptions of the  exper imenta l  s i tuat ion are of impor-  

tance.  
Such a possibi l i ty  exists if, apa r t  f rom moving  poles, b ranch  points  in 

complex  angular  m o m e n t u m  are also considered. The theoret ica l  impor tance  of 
Regge cuts has been known for several  years  (6.7). F r o m  the  phenomenological  

poin t  of view there  are several  models which can be in te rp re ted  in te rms of 
Regge poles and cuts and  successfully describe elastic scat ter ing (8-14). Also, 
a s imilar  in te rp re ta t ion  holds for models  combining Regge poles wi th  absorp- 

t ion. 
Our purpose  is to provide  a s imple and  unique descript ion of cer ta in  two- 

body  inelastic processes wi th  models combining nonconspir ing Regge poles 

plus cuts and containing a small  num be r  of free pa ramete r s .  I n  the i r  con- 

s t ruc t ion  we shall be guided b y  certain general  features  common to all models 
of ref. (8-1~). I n  our approach  the  dips observed in certain two-body react ions 

are re la ted to nonsense factors;  for this and other  well-known reasons these 
react ions are t r ea t ed  more  easily if decomposed in crossed-(t-)channel helici ty 
ampli tudes .  Then the  k inemat ica l  constraints  known to hold in cer tain cases 
will be used to fur ther  reduce the num ber  of free parameters .  

I n  Sect. 2 we discuss cer tain features  in common to several  (8.12) l~egge-eut 
models successfully describing elastic scattering.  In  Sect. 3 and 4 we formula te  
a prescr ip t ion for the  magn i tude  of the  Regge cuts in inelastic react ions;  and  

we show t h a t  in mos t  cases of in teres t  this  leads to a s y m p t o t i c  expansions 
wi th  all the  proper t ies  established in dynamica l  models  of cuts. In  Sect. 5 our 
app roach  is applied to near- forward pho toproduc t ion  of charged pions;  the  

K. LANIUS, S. •OWAK, M. WALTER, H. Bt~TTCHER, T. BYER, V. T. COCCONI, J. D. 
nANSEN, G. KELLNER, A. MIHUL, D. R. O. MORRISON, V. J. MOSKALEV and H. TOFTE: 
Phys. Lett., 27 B, 174 (1968). 

(5) F. AR]~AD and R. BROWER: UCRL-18291 preprint (June 1968). 
(s) S. MANDELSTAM: NUOVO Cimento, 30, 1148 (1963). 
(7) R. EDEN, P. LANDSHOFF, D. OLIVE and J. POLKINGHORNE: The Analytic 

S-Matrix (Cambridge, 1966). 
(s) D.  AMATI, M. CINI and A. STANGHELLINI: -/VUOVO Cimento, 30, 193 (1963). 
(9) L. VAN HOVE: CERN Lectures 65-22 (1965); W. COTTINGHAM and R. F. PEIERLS: 

Phys. Rev., 137, B 147 (1965). 
(10) A. P. CONTOGOURIS: Phys. Lett., 23, 698 (1966). 
(11) R. C. ARNOLD: Phys. Rev., 153, 1523 (1967); C. B. CHIU and J. FINKELSTEIN" 

NUOVO Cimento, 59 A, 92 (1969). 
(12) S. FRAU'rSCHI and B. MARGOLISr NUOVO Cimengo, 56A, 1155 (1968). 
(13) A. ANSELM and I. DYATLOV: Phys. Lett., 24B, 479 (1967). 
(14) L. VAN HOVE: Phys. Left., 5, 252 (1963); CERN Report 66/842/5-TH. 676 

(June 1966) (Lectures at 1966 Scottish Universities' Summer School); A. LOGUNOV, 
NGUYEN VAN HIEU and I. TODOROV: Ann. o] Phys., 31, 203 (1965). 



MOVING BRANCH POINTS AND TWO-BODY INELASTIC REACTIONS 629 

model contains only one free parameter  which determines the cut contribu- 
t ions;  in order of magni tude even this parameter  can be inferred f rom inde- 
pendent  information.  Section 6 studies ~'p-+T:~ for momentum transfers 
0 < - - t  g l . 2  (GeV) 2 with a similar model; it turns out tha t  the t-dependence 
of the cross-sections in a wide range of energies and the magni tude  and varia- 
t ion  of the da ta  with polarized photons can be obtained essentially with no 
free parameters .  Finally,  Sect. 7 shows tha t  our model of charged-pion photo-  
product ion  successfully accounts for the inagnitude and var ia t ion of r:2~' --~ ~A 
~s well with essentially no free p~rameters.  

I{egge-cut models based on field theory  or uni tary  i terat ions are known 
to lead to infinite series of moving branch points (e.7); this is well accounted 
for in our general formula t ion  (Sect. 3 and 4). However,  several phenomenolog- 
ical analyses, in par t icular  for - - t  <1 (GeV) 2 can well proceed with only the 
first cut,  which then  represents the complete series in an average sense. 

I .  - Genera l  F o r m u l a t i o n .  

2. - Henkel  transforms and moving branch points in elastic scattering. 

As in most  of ref. (o-n) we begin with the  impact  parameter  expansion of 
the ampl i tude  ](s, t) for the elastic scattering of two spinless particles. As the 
square of the  total  c.m. energy s ->  c~ this is given by the Hankel  trans- 
form: 

(2.1) ](s, t) = - -  i s l E ( b ,  s)Jo(bq)bdb 
, , 1  

0 

with q :  (-- t )  i =: momen tum transfer.  Assume fur ther  tha t  F(b,  s) depends 
on the variable b as follows: 

(2.2a) 

with 

(22b) 

1 
F(b, s) = ~ (~(x) - -  ~(0)) 

where fl and 2 are real constants (to be identified below) and 

(2.2c) p ~ In s -  ,~ 

41 - I I  N u o v o  C imen to  A .  
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9(x)  is assumed to be a real funct ion of x expandable  in a Taylor  series around 
x - ~ 0 ,  so t ha t  

, Lnb: ]  
(2.3) F(b ,  s) = ,~.~.~----n--~. -exp [ 42qJ ' 

where 9("~(0)= (d"9(x)/dm"),.o. Replacing in (2.1) and interchanging summa- 
t ion and integrat ion we obtain after  integrat ing in b 

(2.4) 

where 

(2.5) 

](s, t) --- ~ ~ n~.n 9"'(o)'(~)'-~'(exp [--~] "s)~'"' , 

o,,(t)---- 1 + ( 2 / n ) t .  

Suppose now tha t  for n ~ 1 (2.5) represents the Pomeranchuk  Regge tra- 
jec tory  (slope ~). Then the  t e rm n----1 in (2.4) can be identified with the 
contr ibut ion ]~r)(s, t) of the  Pomeranchuk  pole to the scat ter ing ampli tude:  

(2.6) ]<~'(s, t) =/7~->(o).  (exp [ -  i~/2  ] .  8) '+~' . 

For  a given funct ion ~(x) this has a residue determined essentially by  the real 
constant /3 ;  also, it  has the cQrrect phase determined b y  the  signature factor,  
here reduced to the  form exp [ - - i ( g / 2 ) ~ ( t ) ]  = exp[ - - i ( z /2 ) (1  +i2t)]. The ar- 
gument  x of (2.2b), which is the basis for the construct ion of the whole series (2.4), 
is easily seen to be related to the inverse t Iankel  t ransform of flr)(s, t): 

co 

9~1~(0) ,6 exp (2.7) 'e'(s, t ) Jo (bq)qdq  --  22 e 
o 

The terms of (2.4) with n>~2 can also be associated with singularities in 
complex angular  momentum J ;  for: 

i) I t  is well known (6.7) t ha t  exchange of ( n + l )  Pomeranchukons  with 
trajectories ~l(t) (in proper  nonplanar  diagrams) leads to a moving branch point  
~,(t) which at  small Itt varies as 

(2.s) ~.(t) = n~l - - n  + 1 ; 

with a l ( t ) :  1 + At we immedia te ly  obtain (2.5). 

ii) The phase of the leading contr ibut ion of the corresponding cut is 
e x p [ - - i ( z / 2 ) ~ n ( t ) ] ,  in accord with general theorems on crossing-symmetric 
asymptot ic  expansions of the scattering ampli tude (1~). 



MOVING B R A N C H  F O I N T S  AND T W O - B O D Y  I N E L A S T I C  ~ E A C T I O N S  631 

iii) In  the  crossing symmetr ic  form (~4), as the number  of the  exchanged 
Reggeons increases, the asymptot ic  cut  contributions contain decreasing powers 
of Ins - -  ire/2.  

Thus it  is reasonable to associate the n > 2  terms of (2.4) with Regge cuts 
and wri te  

(2.9) /(s, t) = ]a"(s ,  t) - ] - / " " ( s ,  t) , 

~0 i ~,,,,(o,/~V,-~ / [ 2 ]  )"'"' 

The specific form of the  funct ion ~(x) represents an ansatz about  the  cut  dis- 
cont inu i ty  near  the branch point ;  on this very  l i t t le is known theoretically.  
In  ref. (s.,) the  form 

~(x) = �89 [1 - -  (1 - -  4x) t] 

is used; its der ivat ion is based on the  mechanism tha t  produces, via elastic 
uni tar i ty ,  the Amati-Fubini-Stanghell ini  cuts. Reference (~o) uses 

X 

f (x )  = 1 - x '  

which can be derived by  a similar mechanism applied on a somewhat  different 
model. Final ly  ref. (u.1,) use the  form 

(2.12) g(x) = e" ( x <  0 ) ,  

for which some analogy with Glauber~s formula for mult iple  scattering on 
nuclei might  be invoked. 

3. - Henkel transforms and moving branch points in inelastic reactions. 

Let  ]~,~,.~,~, be the helici ty amplitudes of the  t-channel react ion 1 q-2--> 3- f  4. 

S tandard  procedures allow us to define pari ty-conserving ones by  

where ~- - 2~-- ~ ,  ~ = ~ - -  ~ ,  ;t,~ --  max  (F;tl, I#r), O, the  c.m. scat ter ing angle 
in the t-channel and e =: + (--) denotes natural  (unnatural)  par i ty .  The kine- 
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Fig. 5. - P~'rcenta~e ~p a~(| r~ ~q'f(~etiw~-ma, ss (]i~tributio~s for th(~ rcm~ti()~) reap-~ 
->p2~'~: u ~ ai: 8 GcV. Curvc.~ as for Fig. 4. 

is displayed clearly. I t  w~s pointed out by (~LA that  the charged pions of 

the fimfl st~tc, rn~st be ordered on the multi-l~.c~ge ~raph. For  example, con- 

sider the reaction K-p ~A~+,~ - where the only allowed graphs gre those of 
:Fig. 6. 

The great advantage is tha t  now ~vc tun distinguish the pions immediately. 

The conseque~ees of this orderh~g of the pions, as f~r as sir~'le-pgrticle distri- 

butions ~re concerned, were purs~ted by CLA. We c ,~  now study the sa.me 

e~'~;e(4s in two-body distributions. A(~('ordin~' to our par~m~etrization for in- 

cludin~ resona.nees, only those 1)~rticlcs which are adj~cent to e~ch other on 

(3.4) - -  

provided tha t  [;tl~-I/~ I :/: 0. 

Suppose tha t  the ~mplitude ]~(s,  t) receives a contr ibut ion ~a~7"~mt~s, t) from 

a Regge trajectory,  s~y, aR(t ) of signature ~a; this can be wri t ten 

( 3 . 5 )  
exp[--(~/4)(2~.+ ~--1)] t~ l ' . -~  7,,m, t) b~u(t ) �9 - . 

lag ~s, =- sin (7~/4)(2~a-- ~ + 1) \So/ 

We shall be interested in two-body inelastic reactions for 0 ~<--t ~1 (GeV)~; 

then sin (u/4)(2o~n(t) - -  ~n q- l )  either is u nonzero func t ion- - in  general slowly 

vary ing- -or  it has a zero cancelled by a proper ghost-killing factor of b~( t ) .  
In  these cases one can write 

(3.6) 

where f l~(t)  may  contain only factors due to nonsense transitions and f~etors 
vanishing at t = 0 due to analyt ici ty-faetor izat ion requirements (1~). There is 
one case of interest in this paper  when sin (zr/4)(2~--~R q-l)  is rapidly varying 

in the low-It[ physical  region; this will be t reated in detail in Sect. 7. 
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In  our approach it is assumed tha t /~ , (s ,  t) receives also contributions from 
Regge cuts due to exchange of the t rajectory R plus n Pomeranchuk trajec- 
tories {n~>l). Thus 

(3.7) [L(8, t) - -  ,~,7"'~' 1,8, t) + ,~,7"~~176 t) . 

To construct 7,(~*,)r~ t )we shall proceed in close analogy with the expansions 
of Sect. 2. For  purposes of comparison with recent analysis of elastic scattering 
we shall use the form (2.11). Then, in our model the cut contributions are 
assumed to be defined by  the following t Iankel  transforms: 

(3.8) a~, ~8, ~, (b, s ) (e~-- l )Jo(bq)bdb 

with x given by  (2.2b) and 

f~a(R) / (3.9) ~~ s ) = j s ~  ,s, t )Jo(bq)qdq. 

~ta) is given by  (3.6). It is now our purpose to show tha t  in all cases of physical 
interest (3.8) and (3.9) generate a series of cuts with the properties discussed 
in Sect. 2. Note tha t  in (3.8) and (3.9) b is not  an impact  parameter  bu t  merely 
a variable defining the inverse funct ion ~o(R)~ 8). 

We star t  with the case where fl~ of (3.6) is finite at  t = 0, does not  con- 
t~in nonsense factors and stays approximately constant  in 0 < - - t  <1 (GeV) 2. 
Taking a linear t ra jectory for R, 

(3.1o) a~(t) = a~(o) + , ~ t ,  

and fixing s o ~ 1 (GeV) ~ we get 

[ i~ (2zr + ~ . - -  1)1 �9 (3.11) -~,~(m'~'~t, to, s) = fl~,8 ~{~ .exp --  T 

1 
�9 2 q ~ f  exp [-- b ~/4q,~,], 

Expanding e|  = ~ 1In!x"  and integrat ing over b in (3.8) 

'~"~'ts)(8, t ) :  ~/18--~m'exp['/~ (X-- ~1r ~ (~)a ~*n (exp [--2] "8) aa(t, 

= Ins - -  i~/2. 
we get 

(3.12) 

where 

(3.13) ,~-1 __ ;t7,1 + n2-1 ,  an(t) = %(0) + ; t , t .  
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o(R~ Next we turn  to the case fl~, (t)N t as t -~  0 so tha t  an acceptable para- 
metrization is 

G ? ~  = eonst.  (3.14) o(m __ ~ .  ( t )  - t ~ a , , ,  

With c%(t) as in (3.10), eq. (3.11) gives 

(3.15) 

"2(A,~) 2 1  .exp[_b2/4Aa@]L~(b-4~@) 

where L,(z) is the Laguerre function of order n (~9). The Hankel  t ransform of 
L,(z) exists in closed form: 

(3.16) ~dbJo(bq) exp[--flb2].L.(~b2)= - -  
0 

(fl-- a)".exp --  L.  
2~-+~ ~ ~,~(~-~)l 

Thus replacing (3.15) in (3.8) we get as before 

(3.17) la~,Taccut')'~ t ) =  --  ?~,s-~' �9 exp [ ~  (1 --  ~,)] �9 

~ ( )-' 
�9 - ~  - -  �9 " L ~ ( z )  

, _ , ( n - -  . ~ p ]  

with ~, and ~,(t) as in (3.13) and 

(3.18) z = t e ~ . _  hR" 

For sufficiently small values of It[ so tha t  Iz]<< 1 we can approximate 

(3.19) L,~(z) ~ 1. 

The analogy between the expansions (3.12), (3.17) and (2.10) is easily seen. 
The n-th te rm in the sum of (3.12) or (3.17) can be identified with the asymp- 
totic contribution to [ ~  from u moving branch point in complex J due to 
exchange of one R-trajectory plus n Pomeranchuk trajectories. Again: i) the 
exponent of s, ii) the phase of each term and iii) the increasing power of 

(19) A. ERDELYI (ed.): Tables o] Integral Trans]orms, vol. 2 (New York, 1953). 
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1 / ( l n s - - i z / 2 p  is precisely what  results f rom curs in mult i -Reggeon exchange 
models. Moreover, the forms (3.12) and (3.17) considered as asympto t ic  ex- 
pansions of f~(s ,  t) for s -+  oo and t = fixed < 0  are in full accord with gen- 
eral  theorems on the s-dependence and the  phase of crossing-symmetric asymp- 
to t ic  expansions of t-channel helicity amplitudes (~4). 

Wi th  the slope 2 of the  Pomeranchukon  taken  from elastic scat ter ing the  ex- 
pansions (3.12) and (3.17) introduce only one free parameter :  the real constant  ft. 
In  these expansions as well as in (2.4) the  power n of fl is just  the  number  of 
Pomeranchukons  forming the  cut;  this suggests t ha t  fl can be loosely in te rpre ted  
as the  overall (~ coupling ~ of the Pomeranchukon  to the  scat tered init ial  and final 
particles.  A fu r the r  assumption th roughout  this work is t ha t  fl is independ- 
ent  of the  helici ty indices ~, # and thus essentially the  same as in elastic 
scat ter ing of spinless particles;  this allows a comparison of the  values we obtain 
in Sect. 5-7 to  independent  analysis of elastic scat ter ing (n.~). 

7~m)r t) has a residue funct ion behaving as in (3.14) Suppose now tha t  ~ ~s, 
~nd at  the  same t ime f~,(s, t) satisfies at  t = 0 a kinemat ical  constraint  of the 
type  (3.3a) or {3.4) (these cover all cases of interest  in the  present  work). In  terms 
of kinemat ical ly  singularity-free ampli tudes these constraints take  the  form 

(3.20) T~.(s, o) = h(~, ~; m~)h..(s, 0),  

where h(2, re; ms) is a known nonvanishing factor  depending on the helicities 
and masses of the  scat tered particles. To order s ~ - ~  the constraint  is satisfied 
b y  evasion, bu t  to orders s"~-~/(lns)  ~ it  requires a conspiracy between cut 
contr ibut ions.  How, it  is well known tha t  each Regge cut  contr ibutes to 
helici ty ampli tudes with bo th  ~ = + and a =- - - ;  in view of (3.17) ~;~(s, t) is 
expected  to have an asympto t ic  expansion tha t  can be wri t ten  in the  form 

/~,t,(s, ) = - -  7 ~ s - ~  exp - -  (1 

. ~ 1 (e~) -~ 
. }n- -  1)! e ~ \~p] 

where the fl'. are unknown constants.  However ,  the  constraint  (3.20), which 

must  be satisfied to all orders in s, demands 

<3.21) Z' = ~ ,  v , ~ .  

:Hence, in the present  model 

tr~,(s, t) h-~(~, ~; m~)7o(o~t.)t~ t) -90( t ) .  (3.22) ~-a = 
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O(t) stands for t e rms  which as t - ~ 0  vanish like t ~, 2 r  moreover  the an- 

a ly t ic i ty  of - - "  ]~,,(s, t) demands  tha t  these te rms  v a r y  smooth ly  wi th  t, so t ha t  

for sufficiently small It] t hey  can be neglected; then  ~-" f ~,~,(s, t) is de termined 
wi thout  any  addi t ional  parameter .  

4. - Residues with nonsense factors. 

In  our approach,  the  dips observed in cer tain two-body  inelastic react ions 
(like ~ - p - ~  ~~ and yp--> r:~ ~t pho ton  l abora to ry  energy g l 0  GeV) are due 

to nonsense factors of the  residue functions.  Thus,  i t  is necessary to consider 
I t anke l  t ransforms and the  resul t ing cuts for more  compl ica ted  forms of fl~(t) 
as well. 

We s ta r t  wi th  the  form 

a = a ~  1) = (4.1) fla~(t) Ya~, s(t)(~R(t) + y ~  e o n s t ,  

which will be used in our t r e a t m e n t  of yp--~n~ Using (19) 

(4.2) 

.r 

j y~%lo(xy) exp [ - -  l y2]ydy  = n !2~"+~. exp [ - -  x 2] .L , (x  ~) 

o 

and the  l inear t r a j ec to ry  (3.10), 

(4.3) [ ize +~R__I )]. (2 q~B)_I exp [ _  b2/4e2~]. E~R'(b, s)~- T~us ~R`~ exp - -  T (2aa(0) 

-(~(0)(~.(0) + 1)--(1 + 2~R(o))e-~Ll(b'q4ea~) + (2/qgLdb~/4e,~)}. 

In t roduc ing  this in (3.8), expanding e ~ - - I - - ~  (x"/n!) and using (3.16), 
n=l 

(4.4) "f~(~ t) 7g~'-~.,exp [ i= ] ~ ! / - f l ] " ; t " ( l + ~ . ( o ) )  �9 
. ts ,  = T ( 1 - - ~ R )  - ~ ! ~ , e ]  

�9 { a R ( 0 ) - - a ' ) ' +  G(~ ~'} exp - - ~ -  .s , 

where 

(4,5) ~(1) L -!- ~ R ( 0 )  . In~n i i l ( z  ) ~(2)__ 2 , [~b~n]2 i2(z  ) 
-" 1 + :~R(o) \ eZ t ' - "  - 1 + ~R(o) \ e~  ] ' 

with z as in (3.18). 
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The last expansion can be in terpre ted  similarly to (3.12) and (3.17). With  
L~(z) ~ 1 which is a good. approximat ion in all cases of present interest ,  (4.4) rep- 
resents a superposit ion of 3 series of t~egge cuts differing in the  type  of discon- 
t i nu i ty  near  the  branch point.  Again each term has the correct exponent  of s 

and the  correct asymptot ic  phase. 
~ e x t ,  consider the  form 

(4.6) fl~.~(t) = ty~..aR(t)(~R(t) -f 1) 

again of interest  in yp - ->~p .  The same approach gives 

[i~r 1 L h. 
. - 1  n!  \0! 2~ 

for which the  in terpre ta t ion  is similar. 
Of special interest  is the  cxchange of the pion Rcggc t ra jec tory  

(4.s) . ,~(t)  = :t,~(o) + ) , ,~t .  

In  yp >~+n and yn--> ~-p  this contr ibutes only to ]ol(S, t); and gauge-inva- 
fiance requirements  are known to lead to (20) 

~ 1 1 + exp [ - -  i n ~ ( t ) ]  s~,,(t)_l. 
Jo(~")(.~, t) = -~ -_~#~'f l , , ( t)a,(t) ' -  - sin~a,( t)  

an(t ) is a factor  due to the  sense-nonsense t rans i t ion at  a~(t) ~ 0 and # ~ pion 
mass. We shall adopt  a nonconspiring pion so tha t ,  as t -+  O, fl,~(t),--t. At least 

for small ]t I we may  then  approximate  

(4.9) 7-('~)" t)"~ t "V~eg'exp [ i n -  -- ] , T o 1  (S, _ _  t ~  ~ 't2 ~ -  Ohm(t)..p~,g(')--I 

where e and g are respectively thc electromagnetic and the pion-nucleon 

coupling constants.  Replacing in (3.9), 

co 

Jv-(~)lhol ~v, s) = ~/8egs -1 exp - -  ~ .,s o #i . exp [ - -  02 ,q2]Jo(bq)qdq  . 

qmin 

(20) j .  S. BALL: Phys. Rev., 124, 2014 (1961); N. DOMBEY: N~OVO Cimento, 31, 
1025 (1964); G. ZWEIG: Nuovo Cimento, 32, 689 (1964). 
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With  increasing q the  funct ion q ~/(q2q-#~) tends rapidly to 1; however, the 
integrand is impor tan t  up to, roughly, 

for  the  energies of interest  ( s ~ 2 0  (GeV)2); hence we can take  

o 

where the  factor  r depends weakly (logarithmically) on s only and, for the 
energies of interest ,  is of order 1 (21). Wi th  (4.2) we finally have 

(4.10) F~(':'(b, s) ~ / - 8 e g s  -1 exp - -  . s )  ~ .exp[--b~/4e~=].  

This is essentially of the form (3.11) and leads to a series of Regge cuts such 
as (3.12). 

I I .  - Appl icat ions .  

5. - Near-forward photoproduction of charged pions. 

In  our model  photoproduet ion  of charged pions near the  forward direction 
is assumed to be due to a nonconspiring pion Regge pole plus the cuts due to 
exchange of one pion with one or more Pomeranchukons .  As said, pion ex- 
change contr ibutes only to J~(s, t), which has the complete form 

(5.1) 

For  ~-(~) J 01 

(5.2) 

t) = Jol ,~, t) q- t) .  

we shall use throughout  

J"o-l('~)(s, t) = ~/7iz~eg t 
t - -  #~" c~ 

1 + exp [--  #re~] 
sin ~a= 

�9 8 a ~ - 1  

(21) An estimate of r can be obtained through the integral (7.6); for the energies 
of interest it follows that r~0.1. 
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with pion t ra jec tory  

a,~ = ~,,(t) = - - tz  ~ + t .  

~c~,,~ will be determined on the  basis of (4.10). 
In  yJW-+~3~ there  is one kinemat ical  constraint  (eq. (3.3a)), which in 

terms of kinematic-singulari ty-free hel ici ty ampli tudes reads 

(5.3) 7~(s,  o) = 2 M . [ 2 ( s ,  0) 

(M----nuclear mass). The corresponding Hara -Wang  kinemat ical  factors are 

(5.4) ~'+(t) = � 8 8  K~(t)  = I t - ~ ( t - - ~ , ~ ) ( t - - 4 M ~ ) .  

With  a nonconspiring pion, 7~(~)(s, 0)~--0; thus the  discussion at  the  end of 
Sect. 3 implies 

(5.5) 7~+1(s, t) = 2M.  77~(s, t) .  

This is expected to hold in a range of It] of a few #~, at  least. 
We shall s tudy  two different models for the  cut contributions.  In  the  first, 

we keep only the  t e rm n ~--1 of (3.12), i.e. 

(5.6) 
~ 41 /~(~ (s, t) = V/-8 eg-~ s-l ( ~) (exp [--2 ] "s) ''(t) �9 

This is expected to reflect the  average behaviour  of the series of cuts. We fix 
the  Pomeranchukon  slope at  2-----0.3 (GeV) -~ as in several Regge-pole an- 
alyses of elastic scattering; and for simplicity take  Q ---- lns  (asymptot ic  form 
of one-cut contr ibut ion);  we also fix r ~--1. Using 

da 1 
(5.7) ~ = 2 ~ s . ~ .  ~ .  I / ~ o , ~ , ~ l  ~ 

(q, = c.m. ini t ial  momen tum in s-channel), we calculate da/dt for E v =  8.11 
and 16 GeV. Our results (Fig. 1, continuous lines) correspond to 

(5.8a) /~-- - - 8 . 1 .  

The second model keeps the  complete series of cuts (3.12) with exact  factors 
: l n s  - -  iz~/2. To faci l i tate  comparison with a similar model  applied to elastic 

scat ter ing use 2 : 0.8 (GeV) -~ (12) and again fix r : 1. The remaining free par- 
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amete r  is t aken  to be 

( 5 . 8 b )  # - 1 0 . 5  

and the  results  are presented in Fig. i (broken lines). 
The essential  fea ture  of charged-pion photoproduc t ion  is t h a t  the  differen- 

t ial  cross-section shows a forward peak  of width  --,#2. One can see how our 
models opera te  to produce this si tua- 

~ 0 0 [ -  t ion.  Wi th  increasing ]t I the  fac tor  
t ( t - -#2)  -~ in (5.2) increases very  rap-  

~(  SGeY idly (rate ~ # - 2 ) ;  however,  a t  
- ' 3 0 0  ~ fixed s, the  cuts provide  ] ~  and -+ 

wi th  a slowly va ry ing  contr ibut ion.  

200 ~ ~ ' ~ X ~ .  electric / I f  the  phases  of ]o~ (=) and ~-(r dif- 
\ - ~ . ~ " ~ . . _ 9 / S o r n  fer b y  ~7~, due to des t ruc t ive  in- 

terference the  ampl i tude  m a y  de- 

10ol / ~ ~ ~  velop a narrow forward peak  (2~). 

e conventional) free p a r a m e t e r  of the  model,  can be 
~ _ _  ~ _  _ _ - - ~  chosen so t ha t  bo th  the absolute  

0 - 01 m ~-- 02 --03 0a magni tude  of the  forward da/dt as 
': ~ - t  (6eV)  

Fig. 1 . -  Near-forward 7p-~rz+n. Centin- 
uous lines: one-cut model. Broken lines: 
model with series of cuts eq. (3.12). Data 
as in ref. (2a). o,e, 8GeV; o, . ,  l l G e V ;  
A,A. 16 GeV. Open symbols, SLAC 1967; 

full symbols, SLAC 1968 (new dat~), 

well as the  width  of the  peak  are cor- 

rec t ly  reproduced.  
More remarkable ,  the  needed 

value of fl (5.Sa, b) is fair ly close 
to t ha t  describing elastic scat ter ing 

in s imilar  models  (in ref. (i2), f l ~  
= - - 1 0  for ~ p - > ~ p ,  - -  7 for p p - > p p ,  

- - 4  for ~ p - ~ = p ) .  We argue t ha t  this is unders tandable .  Accept ,  for defi- 
niteness, vector  dominance;  then  fl represents  an average  <(couplings) of 
the  P o m e r a n c h u k o n  to the  nucleon, charged pion and neu t ra l  p. ] ]owever,  a 
similar  in te rpre ta t ion  holds for elastic scattering,  so t ha t  fl should be, in order 
of magni tude ,  the  same. Gran ted  this in te rpre ta t ion ,  we conclude t ha t  even fl 
is, to some extent ,  fixed. 

Bo th  our models  give a forward da/dt  vary ing  slightly,  wi th  s. Note  t h a t  

in the second model  the  var ia t ion  is significantly reduced;  this arises because 

of cancellat ions be tween successive cuts and is in accord with the  most  recent  
da ta  on ~ p - ~  =+n (:a). 

(22) A physically similar description of forward y p - ~ + n  has been advanced by 
F. HENYEY et al. (University of Michigan preprint) who generate Regge cuts by absorp- 
tion corrections to Regge-pole exchanges. 

(e3) B. RXC~ITER: in Proceedings o] the X I V  International Con]erence on H.E. 
Physics (Vienna, t968), p. 3. 
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Final ly ,  no te  t h a t  a crucial point  in the  fit of ~ p - - ~ + n  b y  a conspiring 
p a r i t y  double t  of Regge poles is the  use of a pion residue funct ion  

(5.9) f l , j t ) , ~ l  + ; t ( t - - t~) te  -~ 

with  2 = 0.4 (5); thus  fl,:(t) must  v a r y  rap id ly  and even have  a zero a t  small  - - t .  
To jus t i fy  this  behav iour  ref. (3) invokes the  work  of Mande ls tam on relat ions 
be tween  PCAC and conspiracy theory  (~). I n  view of the  theoret ical  difficulties 

of this  subject ,  the  fo rm (5.9) mus t  be considered as a pure ly  phenomenological  
ansatz .  I n  our models  (and in ref. (~)) a zero in ]o~(s,t) at  small  - - t  
na tu ra l ly  arises due to pole-cut  interference.  

6. - Photoproduction of neutral pions. 

We shall describe ~,p-->r:~ b y  a mechan i sm ve ry  similar  to forward  

~(p--> ~+n except  t h a t  now i t  is the  co l~egge pole ( instead of ~) t h a t  provides 

the  dr iving force. The co pole will be accompanied  b y  a series of moving  branch  
points  due to s imul taneous  exchange of one co plus one or more  Pomeran-  

chukons.  Contr ibut ions f rom ei ther  pole (p or B) are possible, bu t  t u rn  out 

unnecessary.  
The co pole contr ibutes  to the  helici ty ampl i tudes  ~+ ]11 and 7 + (corresponding 

H a r a - W a n g  fac tor  K+I = ~(t-- t t2)) .  I n  accord wi th  f ini te-energy sum rules (~) 
we assume t h a t  i ts  t r a j ec to ry  chooses nonsense at  so(t ) = 0. Also, i t  is gen- 
eral ly  accepted  t h a t  co does not  conspire a t  t = 0, so t h a t  combined require- 
ments  of ana ly t i c i ty  and fac tor iza t ion (for the  co pole alone) imp ly  t h a t  the  
residue of co in 7+~ ~) mus t  be  ~ t  a t  small  It[ (16), Thus we proceed wi th  the  

following pole contr ibut ions:  

1 - -  exp [ - -  i~z~] s ~ _ l ,  (6.1) 7+(~)/ t) + b~, ~ ( ~  + 1) /~, ~8, = sin:~,~ 

where 

+ _ _  + + _ _  + 
(6.2) bol - -  ~ol ' bit - -  ~11 t 

(y+, = constants)  and 

(6.3) ao, = a,~(o) + ;t,ot. 

The series of cuts arising f rom (6.1) has been given in Sect. 4. Here  we con- 

(24) S. ]r Phy8. Bey., 168, 1884 (1968). 
(35) p. DI VECCHIA, F. DRAGO and M. PACIELLO: NUOVO Cimento, 55 A, 809 (1968). 
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sider the  equivalent  to  the  first model  of Sect. 5 (one-cut), when 

(6.4) 

(6.5)I ~+(ou~, t)--~--r+~()~l) ~ fl l~-g~(O)" 
~ ~s, "~" (lns)~ 

where 

(6.6) Gel) 

and the  t r a j ec to ry  of the  moving  branch  point  

(6.7) a,(t) = a,o(O) + ~ t ,  ~ : ~ §  

As we are in te res ted  in a descript ion of ~,p__>=0p in 0 ~]t  I <1  (GeV) 2 we can 
well a p p r o x i m a t e  L ,dx  ) ~ 1 in eqs. (4.4) and  (4.7). Fu r the rmore ,  the  con- 

s t ra in t  (5.5) and the  discussion following eq. (3.22), ex tended now to 

It I ~ 1 (GeV) ~, implies t h a t  the  unna t u r a l -pa r i t y  ampl i tude  7~(s, t) will also 
receive a cont r ibut ion  fully de te rmined  f rom (6.5). 

In  the  following calculat ion we t ake  ~ ---- 0.86 (GeV)-2(~  = 0 a t  t _~ - -  0.55) 
and,  as in the  one-cut  model  of Sect. 5, a P o m e r a n c h u k o n  slope 2 ~  0.3 (GeV) -~. 
The residue cons tants  yo + and  y~ + can be t r ea t ed  as free pa rame te r s ;  however,  
an es t ima te  of the  ra t io  + + ~q~/Yo~ can be inferred f rom Regge-pole analysis  of 
pp--> pp  and  ~p--~ ~p, where (o exchange is also ve ry  impor t an t .  I t  c~n be 
seen (~) tha t ,  roughly,  1 + + rl l / rol  2. ~ 7 ~ / y 0 ~ 3 ;  and we shall t ake  + +--~ 

Thus,  apa r t  f rom the  magn i tude  of, say, yo + (~7) there  remains  only fl as free 
pa ramete r .  However ,  wi th  the  in te rp re ta t ion  of fl as an average  Pomeranchukon  
(r coupling )> and  wi th  vec tor  dominance  as a guide, we can claim tha t  a t  least  
in order of magn i tude  fl mus t  be the  same, as in the  one-cut  model  of Sect. 5; 
in bo th  cases (7:+ exchange in ~,p-->~+n and to exchange in yp _+~0p) the  

P o m e r a n c h u k o n  couples to nucleon, pion and t-meson.  Thus we fix fl as 
in (5.8a). 

(~6) W. RAlCITA, R. RIDDELL, C. CHIU and R. J. N. PHILLIPS: Phys. Rev., 165, 
1615 (1968). 

(2~) Even y+ can be inferred through vector dominance from the co-exchange con- 
tribution to uJ~-~ pgV; see A. DAR, V. WEISSKOPF, C. LEVINSON and H. LIPKIN: Phys. 
Rev. Lett., 20, 1261 (1968). 



MOVING BRANCH POINTS AND TWO-BODY INELASTIC REACTIONS 643 

Our final assumption concerns the relative sign of the pole and cut con- 
tr ibution,  which for inelastic reactions is, in principle, completely undetermined.  
Note t ha t  in our examples the cut contributions vary  slowly with t, but ,  in  
general, the pole contributions vary 

rapidly (due to nonsense factors and 
factors ~ t). I t  is obvious tha t  a clear 1.0 
prescription can be formulated only 
near t ~  0 when pole and cut have 
the  same phase. In  yp -~ 7:+n the form T 5~ 
of-oz7-'m (eq. (5.2)) and the requirement ~ ~:~ 
of forward peak imply tha t ,  as t -~  0 §  ~ 
the pole and the first cut contribution 
to the t-channel helicity ampli tude / ~  ~ 10 
have the same relative sign. In  yp--> 
-->r~p we obtain best agreement with 10 
the da ta  if we extend this convention 
to both  ~o + and ~+. We shall keep i t  
throughout  all our work (~8). 0 

Wi th  the  model thus formulated we 
present d(~/dt in Fig. 2a), and the rat io 

R ~- da• - -  da , /d t  
da/dt 

(a• is the  cross-section with photons 
polarized perpendicular (parallel) to 

~ 5  

"~L~ '~ -~  11 1.0 

I 16 b)  

0:5 I:0 ~ 0 0.5 1.0 
-t[(G,v) 

Fig. 2 . -  a) Differential cross-sections 
for yp__>~Op. Data: �9 ANDERSON et al.: 
Phys. Rev. Left., 21, 384 (1968); 
BRAUNSCHW~IG et al.: Phys. Lett., 26 B, 
405 (1968). b) The asymmetry ratio R 
calculated at E. t=3GcV. Data: BEL- 
LENGER et al. : MIT preprint (also ref. (~a)). 

the product ion plane) in Fig. 2b). As we are interested in producing basic 
features ra ther  t han  to fit data,  no effort was made to vary  ft. We note the  
following: 

i) The forward dip of da/dt  is explained by  the  vanishing of 7 +c~)/-~ t) J l l  I v '  
at t---- 0 (eq. (6.2)) and the fact  t ha t  ~+(s, t) enters in da/dt  with a kinematical  
factor  vanishing at  t _~ 0. 

ii) The dip at  t _ ~ -  0.6, which disappears with increasing s, is due to 
the vanishing of a=(t) in the pole terms, which at  relatively low energy control 

~+(=) decrease da/dt  (in part icular  ,o1~+(=h," However, at  t_"~--0.8 (GeV) ~, the ~m 
rather  fast  wi th  s. On the contrary, our cut contributions (6.4) and (6.5) decrease 
very slowly; this holds in particular for ~+~t) which is (relatively) very impor- 
t an t  for - - t ~ 0 . 5  (GeV) ~ (note tha t  between Ev~--3 and 16 (GeV) ~ the quan- 

(PS) For yp-~=+n, yn-->r:-p in 0<- - t~ I .2 (GeV)  2 and for rcJ~-~J~ a similar 
analysis (in progress) with the same sign convention leads to good results, as well. 
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t i t y  ~r - 3G (~ of (6.5) increases slowly). Thus, for Ev~>10 (GeV) ~ 
the  cuts, which are smooth in t, dominate  and the dip is washed out.  

iii) As is well known, daj_/dt contains only na tura l -par i ty  exchanges 
(~+1 and ~+) and da,,/dt only unna tura l  ([~). At t _~ - -  0.2 and t ~ - -  1 the co-pole 
contr ibut ions  enhance da• so tha t  R ~ 0.8. At t ~ - - 0 . 5 5  the 7+(~) vanish ! 2tt 

and  R shows a dip; however, ,o~7+(~ t _ ~ -  0.55) is significant and this gives 
/g ~ 0.5 in the position of the dip. 

A somewhat similar model  of yp-->n~ has been advanced in ref. (20); 
however, i~ contains 5 completely free parameters  and is not  concerned with 
possible relations between pole and cut contr ibut ions or correlation of cuts in 
7 p - - > ~ p  and y p - ~ n + n .  On the other  hand (3o), co Regge exchange supple- 
merited only by  cuts calculated with the convent ional  absorpt ion prescription 
fails completely to explain the disappearance of the dip with increasing s and 
gives R~>0.92 for all t; good agreement  is obtained only by  adding ~ and B 
exchanges with a B t ra jec tory  slope 2~ = 0.4 (GeV) -~. 

7.  - The process r~+p-+ poA++ at s m a l l  [t]. 

Recent  exper iments  (4) on rc+p --> p~ at  8 GeV establish a forward peak 
of width ~ # ~ ;  moreover,  for Itm~.] ~<ltl ~<0.04 (GeV) 2 the densi ty  ma t r ix  ele- 
ment  ~oo is ve ry  close to 1. These features in tu i t ive ly  suggest tha t  the forward 
ampl i tude  is controlled by  pion exchange. 

As in yp ~ =+n, our model describes z~+p--> p~ at small ]t] by  exchange 
of a nonconspiring Regge pion plus the cuts due to exchange of the pion with 
one or several Pomeranehukons .  Here,  however, (unlike yp--->r:+n)a non- 
conspiring pion has, at  t ~ 0, a finite residue function.  Due to the prox imi ty  
of the  pion pole it turns out tha t  simple pion exchange gives indeed most  of 
the  forward cross-section; the cuts calculated according to our prescript ion 
cont r ibu te  to order 10% only. 

Neglecting the helicity double-flip ampl i tude  we have (5) 

da 1 
(7.1) e00 dt -- 64:nsp~ 

#2 __ (m~x - -  M )  ~ [/~2 _ ( m ~  + M)~] -~ 

t - - ( m A - - M )  ~ [ t - - ( m i x + M ) 2 ]  2 

�9 {p 0(s, t)l + 

where q~(stu)~ 0 is the boundary  of the physical  region and the t-channel 

(29) A. CAPELLA and J. TRAN THANH VAN: Orsay preprint LPTHE 68/41. 
(30) M. BLACKMON, G. KRAMI,:I~ and K. SCHILLING: Argonrte preprint. 
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helicity amplitudes 

(7.2) T i ~ - ~ I , o  := [t - (mA ~- M) ~] I t - -  (m A -  M)~] t.  ~(StU)I~]I2"/OO,~A~-2. 

For ~ ' - ~  pA, at the pseudothreshold t~ :=- (ma- -M)  ~ there is the con- 
straint (8~) 

(7.3) ]o,(s, tp) ~-- g-~(s)loo(S, tp), 

as s---> c<), g(s)--->2sV~. The pion Regge-pole contribution is 

�9 oo--700" exp --~-  .s �9 s i n ~ , ~ ( t )  ,_~,.~oo " ~ ' ( t - - J u 2 )  -x, 

silo :~ '10" �9 "(sm~an(t))  .~  7(0~ ) '2 .  (7.4b) 7,~) .,(m ( e x p [ _ 2 ]  s) " (~  �9 g - 1  

In accord with our general procedure, we shall take a constant pion residue, 
equal to its perturbation theory value at t _/~2 (32): 

in) 
71o " - G'~'g/~2 , 

where 

(7.5) 

with pp, pa  the momenta  of p, A in the c.m. system of the t-channel and the 
corresponding widths. 

In  the near-forward region (--t g2.5# ~ at 8 GeV) the helicity-flip contri- 
bution is suppressed by the factor ~(stu);  thus we consider the nonflip ampli- 
tude. Our prescription for the cut contribution (eq. (3.9)) gives 

with 

(7.6) 

v(')lh s)-~ 2 "7~" exp -- "s ~-(b,s) 
7 

f qdq exp[_] t~q2] jo (bq )  ' 

qmln 

(al) j .  D. JACKSON and G. HITE: Phys. •ev., 169, 1248 (1968). 
(32) J .  D.  JACKSON a n d  H.  PILKUHN: _~UOVO C i m e n t o ,  33, 916 (1964). 

~2 - I !  Nuovo ~imento A .  
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the  p ion  pole enhances the  low-q region of (7.6), for b << 1r189 a good ap- 
p rox ima t ion  is 

~ ( b ,  s) = (1 + b~#2/4)E~(z) -- (b~/4e2~)e -~ , 
(7.7) 

z ~ ~ . ( q ~  + ~ ) ,  

with  El(z) the  exponent ia l  in tegral  (33); note  t ha t  for energies g30  GeV we 

can fu r the r  app rox ima te  

E~(z) ~ z - - l n z - - y  

(~ ---- 0.577 = Eule r ' s  constant) .  
He re  we shall be  con ten ted  in an es t ima te  of the  cut  cont r ibut ion  and  will 

proceed with  the  one-cut model  (and again  Q-----lns). Thus we find 

(7.s) 

where 

Foo (b, s) ~ 7(o~ ) exp  - - -~  .s Ol(s) exp[--b~/42,~lns'52(s)], 

~l(s) = exp [2~#~ lns] E~(z) 

~2(s) - -  exp [--  z]E~(z) -- 2~f~ ~ in s 

Then,  in the  one-cut  app rox ima t ion  (3.8) gives 

7 ̀~ t) ~ " (~' s �9 oo . ~L ~oo2~flO~( ) exp - - - - . s  (7.9) 

wi th  

( ~  1.65 a t  8 GeV) 

( ~  0.55 at  8 GeV).  

~l(t) = ~ ( 0 )  + 21t, 2~ --~ 0.257 (GeV) -2 . 

Using the  a s y m p t o t i c  fo rm of qS(stu) for s--~ c~ and  t:/: 0 (31) we reduce (7.1) 
to the  fo rm 

(7.10) eoo~-~= ~ Sq]' t~-- t  ]~~ t~112 ' 

where~ in view of (7.9), 

%(s,t)=(t--1~2)-l(exp [---~].s) ~('' (cxp [---~].s) '"" 

(~a) M. ABRAMOWaTZ and I. A. ST~Gu~: Handbook o/ Mathematical Functions, 
(Washington, D.C., 1964). 
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Assuming that  cf~(s, t) is a smooth function of t, the simplest way to construct 
it is by  means of the pseudothreshold constraint (7.3); thus we take 

so that  ~ooda/dt has no pole at 
t = t ~  (31); also, it has no pole 
at t = #  ~. 

In our numerical calculation 12 

we take G----2200 (corresponding 
to Fp _~150~eV). The value (5.8a) 
for fl ( = - - 8 . 1 )  gives fair agree- 
ment with experiment (Fig. 3). 
However, in ~+p --~ p~ fl can ~ s 

well differ from its value in T1 ) -+ 
-->~+n; with f l = - - 1 6  the agree- ~ 
ment is good. Figure 3 shows 
clearly that,  with fl of the estab- ~ 
lished order of magnitude, the cut 
contribution affects forward r : ~  
-~ ~A very little. 

Fig. 3. - Calculations of ~oo (da/dt) for 
r:+p~p~ at 8 GeV. Data: ref.(~). 

1 

0102 ' O.OZ, 0106 O.O8 
I~.1~] = ] ~ --t rain ] I(G e V) 2 ] 

8 .  - C o n c l u s i o n s ,  

Given a Regge pole and the Pomeranchukon exchange, we have formulated 
a prescription for a parameter-free estimate of Regge-cut contributions in two- 
body reactions. We have shown in detail that this prescription leads to amplitudes 
in full agreement with the forms established by  dynamical models of Regge 
cuts and by  general theorems on crossing-symmetric asymptotic expansions. 
Applied to near-forward y1 ) --> r:+n, to yp--> ~Op in the range 0 < - - t  ~1.2 (Geu ~ 
and to ~+p-+ ooA++ at small Itl our approach leads to nearly parameter-free, 
simple and unique descriptions of the experimental facts. The same approach 
applied to Tp--~+n,  Tn-->~-p and ~2~'--> r in 0 < - - t ~ l . 2  (GeV) ~ leads to 
very encouraging results (28); and in other charge exchange reactions to simple, 
at least qualitative, understanding. 

A different approach to estimate Regge-cut contributions proceeds through 
absorption-type corrections to Reggeized particle exchange. From the S-matrix 
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p o i n t  of v iew,  th i s  also is a p r e s c r i p t i o n  oll an  e q u a l  f o o t i n g  to  ours .  H o w e v e r ,  

for  yp--~  r:~ t h e  a b s o r p t i o n  p r e s c r i p t i o n  fa i ls  to  g ive  a s i m p l e  p i c t u r e  a n d  

does  n o t  s u b s t a n t i a l l y  differ  f r o m  m u l t i p a r a m e t e r  p u r e  R e g g e - p o l e  fits.  

A s h o r t c o m i n g  of our  a p p r o a c h  is t h a t  i t s  d e t a i l s  h a v e  no t ,  so far ,  been  

e s t a b l i s h e d  in  a n y  e x p l i c i t  d y n a m i c a l  m o d e l  of i n e l a s t i c  r eac t i ons .  Such  a pos-  

s i b i l i t y  is an  i n t e r e s t i n g  open  ques t ion .  

W e  w o u l d  l ike  to  t h a n k  P ro f .  C. S. L A ~  for  use fu l  d i scuss ions  a n d  Mr.  G. 

VoN BOCKMAN for  he lp  w i t h  p a r t  of t h e  n u m e r i c a l  c a l c u l a t i ons .  

R I A S S U N T 0  (*) 

Si formula un'approssimazione per calcolare i contributi  dei tagli  di Regge in alcune 
reazioni anelastiche a due corpi e si dimostra che ci6 conduce ad ampiczze con tu t tc  
le proprie~s stabili tc nei modelli dinamici dei togli nel momcnto angolare complesso. 
Con cib, un modello basato su uu pione non cospirante spiega bene lo scattering yp-+ 
-+=+n quasi in avanti ,  con un parametro  libero che si ottienc approssimativamente 
da informazioni indipendenti .  Con lo stesso modello (basato sullo scambio di Regge 
di co)si descrive bene y p ~ r : ~  per impulsi trasferi t i  ( - - t ) �89 1 GeV; si ottiene senza 
parametr i  l iberi la dipendenza da t di da/dt in un ampio intervallo di energie ed il rap- 
porto dellc sczioni d 'ur to  con fotoni polarizzati .  Infine, col modello si spiega la gran- 
dezza assoluta e la variazione di =+p-+ p~ per It[ piccolo. 

(*) Traduz ione  a cura della Redaz lone .  

~Bil~CYmHec~ TOqKH BeTB.~IeHH~I H ~Byx-qaCTl~Hl, le HeynpyFHe pealcuHH. 

Pe3IoMe (*). - -  ~opMynr[pyeTca rIo~xo~ ~a~t BbtqIacJ1erIria Brna~oa pa3pe30B Pe)x.'I~e 
B HeKOTOpbIe ~ByX-tlaCTH~IHI~Ie HeyIIpyFkIe peaKt~nn, n rtoKa3bIBaeTcg, ~-ITO 3TOT IIO~XO~ 
IIpHBO,~HT K aMHYlHTy,~aM CO BCeMH CBOHCTBaMH, yCTaHOBYleHHblMH B ~HHaMH~ecKrIX 
MO,~e.rl~lX pa3pc3OB B II.rlOCKOCTH KOMrLrleKCHOFO MoMenTa. Ylpr~ 3TOM, MO,~enb, OCHOBaHHag 

Ha HeKOHCrlrIpaTHBHOM rfrioHe, xopo tuo  O6"bSCH~eT yp ---> 7z+n B6~H3H Har~paBnerma Bnepe~, 

c IIOMOH_[~/O O,~Horo CBO60,~HOFO rrapaMeTpa, KOTOpbIl~ upn6.q~I3HTeYibHO Ilony,-IaeTc~ 

H3 He3aBHC~IMO~ HHqbOpMaI.IHH. TaKaa :~e MO,~eYIb (OCHOBaHHa~ Ha Pe,a~e-o6MeHe co) 
xopomo oimc~,iBaeT -yp ~ rc~ ,~aa uepe,aaBaeM~,ix nMIIynbcoB ( - - t ) � 89  F3B; t-3asHca- 
MOCTb da/dt B m~poKo~ o6nacT~i 3Heprn~, H rtony,~aeTca OTHOltleHHe rror~epeqI~iX ce~eim~ 
rlonap~a3oBaHH~X qbOTOHOB 6e3 CBO~O~HblX napaMeTpoB. Ha~oHeu, 3Ta Mo,~enr~ xopomo 
O6~,nCHaeT a6conmTHym Benr~nrmy H H3MeHeHI-Ie 7r+p--> p~ npH Man/IX It I 

(') HepeaeOeno pe3aKttue~. 


