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I. . INTRODUCTION |
ilt was'first.indicated bv Chew and.towfthat'thefexchange of
.Tjjia pion in a pion-nucleon inelastic collison should dominate the crossll
1fsection for low values of the momentum transfer between .the initial
;F and final nucleons.l Thie effect was emphasized as the basis of

L phenomenlogical calculation of high-energy forvard inelastic

LE processes, the so-called peripheral processes, by Drell and Salzman.z_-f

‘If the system of final particles, excluding the nucleon (or

’;_f more generally the baryon in processes inVOIVing strange particles), v-ch

':has a zero total angular momentum in 'its own rest frame and if the ;f_«lsuf -

'ﬁexchanged particle has zero spin and mass u, the theory predicts

v"'r?] a distribution in the square of the momentum transfer A2 of the form

.~
if(A + u ) " This form can be 51gn1ficantly modified if. higher values

. of the spin are involved as, for instance, in the production of a pe ;'ff_f};ix

'f Experimentally, the agreement between theory and experiment PR
:is'rather good at very low values of A2. Furthermore, Yang and ' _5fi.‘:bif§"~’

f

1;Treiman have given ‘a test which relates the angular correlations ;

fito the spin of the exchanged particle, and this test is generally in

:ivery-good agreement~with the domlnant peripheral mechanism.h However,:'f3w
f'for values of A larger than 8 few u2, the experimental peaks are

:‘oftén much narrower than the theory predicts.s o

’”. An’ obvious drawback of. the theory is that 1t predicts in fact

f:inelastic cross sections which for high energies and low angular
e . momenta, exceed the limit imposedxby unitarity.v However, evenmifeg,h*

5dﬁthis difficulty is removed by reducing to a reasonable value the first
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o
due to the existence of other lnelastic processes, which would compete
. . B

£ . * .

: with an Opt1cal potential which, while it can in prznciple reproduce“f




Qwave functions. Furthermore, the use of a potential at high energyf,
Vo S
:for low angular momenta s well known to have no sense. Much worse .-

is the fact that the essential formula which they use is derived in;ii
;”{the 1imit where the interaction considered has a much smaller rangef;

than the competing processes. the cases of interest do not satisfyifi,

""-\'._-"9' _: .

that limitation.~' _

While these authors ‘have recognized the difficulties, they
#have nevertheless applied the formulas of the distorted-wave aPProximation_u‘i
ito the production of p mesons in pion—nucleonwcollisions,with amazing
;success. There is no doubt that the effect is present and, further-fft
' ;vmore, that the formulas used are essentially correct.

It is the aim ‘of this paper to derive these formulas with

et
ot

::?gonly very general assumptions, which have the advantage of fitting :;iff.f{}?'
f?quite naturally with our present theoretical and experimental knoww_rﬁ
v;:iedge of high-energy phenomena. o ;_ o |
) | The essential idea is to apply the now standard dispersion .'Ttthi LA
.{ﬁftheory of final-state 1nteractions not to the actually measured states
ﬂ?i%but to the eigenstates of the S matrix. Furthermore, we have to make
':some hypothestnon the mean values and the energy variation of these ?
ﬁheigen phase shifts, which are suggested by the fact that high—energy :

_collisions give rise mainly to uncorrelated particles and resonances..

'Our theory is not restricted to the case in which the final system of

Ab, 4
A

ﬁiparticles excluding the nucleon can be treated as a particle. 3
“In Section II we recall the final results of the distorted-

f;wave approximation approach which is essentially what has to be ",
ftrtproved. In Section III we introduce the eigen phase shifts together Q'

TR EE SR
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in the case in which the process to be studied 1§ a: two-body reactioh'

?“supposed~that—the~process (l)“xakes place through'the effect of'a




,pat this?stage:l although it is always pOSSlble to represent the elastic
f{scattering amplitude of particles a and A by a Schrodinger equation ;f" é?
with an optical potential which varies with energy, there is as’ far ER
as we know no proof that the corresponding wave functions w( )
.;reliable. Notwithstanding that difficulty, one writes for w( )
’ioptical approximation, valid when U varies slowly on a deBroglie
rfwavelength of the incoming particle, i.e.,

' where k,is the impact p&rameter vector normal to the 2z axis which : f"?f;;eff-f’

is chosen along the direction of the incoming particle. The Schrﬁdinger
WL

| T
L

itfequation in semiclassical approximation flgﬂi <« q” ) giVes, then,

o N A sy
‘ o e T e
vﬁHereik is the unit vector along the 2z direction. :
v'ﬁ:;”f*lﬂxif‘f' When the range of V is much smaller than the range of U

v

and U' it is possible to give a 31mple expression to Eq. (2) vy using

(h) To do 50 one notices that the parameter b can be replaced

: by the angular momentum 2 qb and one introduces the Born approximation

’

1\3(2) for Mfi, i.e,,.;'; | o 4"Q§jf':_. _?ﬁ»f
Bl = <"¢f1_lvl¢iz7' '
 for instance, is the'free-particleiuave,of a and A" -

7 _
4'fin the angular momentum 2. Thenlone gets

f?where i)




‘the present arguments do not provide any Justificatiqn fo:>it’in the

,;f pe

“energy, the t




Actually, as soon as three-particle states can be produced

-Q’some of the eigen states of S are not normalizable. We shall 1gnore

i)

“this difficulty in the followzng. In practice it would amounﬁ to

>

’writ;ng Stieljes integrals where we shall write summatzons.

‘{" The states Q} and [Q} are related by a unitary transformat1on w0

.

'ﬂ While the eiistcnce of eigen phcse shifts is acknowledgedl
: theif7prcpefties havc nct'been ihveétigated.lq In the case in which

uonly a f1n1te number of states can be produced--i.e., vhere the only

:2ig
_open channels are two-body channels--the eigen values of S,,

; and the matrix elements U : are plecewise analytic but not analytic,

i




elements (ll) are real. Moreover <&alslza) ; as a function of the

_\0

The ccmparison of qu. (10) and (11) shows{that (alsld)_is

216
a

3 generated by adding camplex numbere U e whose meduli addc

3

\

: up to 1. The simplest hypothesis that. fits the experimental da.ta. is

Y

i

the matrix U decouples the par%icles produced in7

i

.

,to be kept as such by U. A state made up of one . resonance and

:s n/2., Obviously, these valuea

i




. _9‘..
| While we acknowledge the empifical character oflthese results, .
1{‘€;;we believe that they provide the simplest fit of'thegoaoa together |
\“.wzth a promising statistical simplicity.. It should he mentioned in

‘ ffi }that reapect that the absence of correlation of the particles in the

eigenstates is essentzally what is necessary in order to get an exponential

*;i}'1;ffﬁ"ip\£}‘,diffraction peak, as has been shown by Van Hove under slightly

;' l{-different assumptlons.ll
_ It should ‘be mentioned that, since the eigen phase Shifts o
L ‘ *vvary around fixed Values, it can be assumed that they V&TY 51°"1Y with
» . '». energy. ' PR ) ) ) ’ )
+. . IV, FINAL-STATE INTERACTIONS " |

"fd&»nj”yi,} TR :Let_us now consider an inelastic process a +:b. For more
| clarity we shall consider the case in which a is a pion-nucleon state .

and b a nucleohid’state,'neglecting the spins."We shall split the f

' o _.oollison matrix’for a given'total‘angular momentun lnto‘two-parte? )
g . which is the pion pole contribution to a -~ b, and the rest of}{ '
%:fthe T matrix° T Lo .-' A
L - Ly T T_l‘”Ta,'

“. When the total engular'momentum is'large, the.cross section due to f

7' Tg is smaller than the one due to T2 Consequently, e shall make .

L S " the approxlmation-that T2 satisfies the unitarity condltion, .e.,'v"f5£§:f'
Cm L that 52 =I+2i T2 is a unitary operator. This approximation has :A1-<~’4
'_:1}*5f;§;'3ome relation w1th ‘the range hypothesis in the distortedbwave approach. B 5
3 . ?,_v”" : . ¢ )






d ﬂ/2 and when T (E)

does not'vary too rapidly vith energy,

Using the fact that by its Very definition, T

O
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‘;fwhich is prec1sely the result of the distorted wave epproximatiohf

< .-; .

eb significantly different from zero) and when




' fﬁ_‘reduction.

'~13-

-:'cannot be represented by a potential), nor in the form of the preceding
, ~section, In, prlnclple, one could use a many-channel N/D calculatlon,
. but our understanding of'high-energy interactions is yet too primitive
} to‘cerry out’such a program in a praetical way.l3 | |
- We shall therefore agree that because of the competlng channels _
'and the unltarity limit, the peripheral matrix elemént must be |

”, s;gnificantly decreased although there is no reliable theory for this

VI. CONCLUSIONS
We have shown that under very wide condltions, the reduction v
cof matrix elements predicted by the dlstorted-wave approximation cani"

i

':be Justified without appealing to considerations of potentials, .The '

e -;hypotheses needed bear a direct relatlon with already known experi-'

lmental‘results.

It shouldtte stressed at that point that the properties é6f the'g
- eigen phase shifts that we have assumed are presumably satisfied in:

" nueclear 5h&sics at intermediate energies."In fact,‘the outcome of1

"’ most nuclear collisions are systems of nucleons and excited nuclei

. * . yhich are not very nuch correlated, so that the eigen phase shifts can be

'Texpectedpto run around O and 7/2 modulo m. Therefore, thegptesent.”

: - approach eonstitutes another Justification of the distorted-wave -

‘»dapproxlmat1on in nuclear physics.
I want to thank Dr. David Judd for hzs kind hospitality at

5;the Theoretical Division of the Lewrence Radzation Laboratory.vgf'ﬂ
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mission, nor any person acting on behalf of the Commission:
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implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
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B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
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such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
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