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I. INTRODUCTION

13
T,
B

_&) | o Balazs haé proboséd a method for constructing, from a given
absorptive part in the crossed channel, a SéhrSdinger—equation potential . ‘
that will reproduce the relativistic amplitﬁde for scattering of spih-
less particles.l In this paper I present the results of some calculation;
of {(xx) and (xK) scattering, using an appfox‘mafion to this Béiézs
method; these calculations reproduce many generally accepted_featurés
of resonance-energy (wx) and {ﬁK)"scattering. |

The Schrodinger-equation potential in this méthoa_is lgcal but

energy dependeﬁt. Writing it as

T
. 2 -1 L2 TN
V(rJQ) = 5o dat V(C)q )e ] /I‘ >

B

where q 1s the magnitude of the momentum in the center of mass of the
s channel and 1 is the reduced mass, Baladzs proposed an iterative

: 2 , ' "
method for constructing v(t,q”) from the supposedly-known absorptive
_t ;'

scattering amplitude calculated {rom this Schrddinger-equation would

)

.part A the details of this construction are in reference 1. The
then be identical with the relativistic amplitude of which At vas the
absorptive part. In a problem with exchange potentials, this procedure

is to be used for amplitudes of definite J-parity. For the Balazs

Y

method to be exact would require that (a) the amplitude obey elastic
L . : PR ' ) 2
iy unitarity at the energy in question, (b) +v(t,q") -0 as t - o ,

and (c) Ay be known exactly.
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The practical application of this derivation is to justify an AT
approximation scheme, in vhich the lovwest approximation consists of RY;
setting
. / ,
2 -1/2 @ B
V(th) = 2s A't (t:s) ’
2,

" to A, , and s is the sqguare

of the energy in the center of mass. The scattering amplitude calcu-

<

. B . . . .
where A is the Born approximation

lated from the Schrddinger equation will be unitary, and in this sense
this approximation is similar to the N/D approach. It differs from

R

the N/D approach in several inﬁeresting features: first, if AtD
is constructéd from elementary—pafticle eichange, there is no high-energy
cutoff, even if the exchanged partiélés have spin. And second, - although
the usuval N/D célculation takes the Born approximation to the left-hand
cut, solving the Schradinger equation means in effect’doi;g the entire
Mandelstam iter‘a’ciod.5 fhus in the Balézs approximation, contributibns
from all orders of this iteration are considered, even £hough none oput
the first has relativistic s dependence.

In Section II, I describe the potentiais that I have used, and

in Sec. III present the resulis obtained.

CONSTRUCTION OF POTENTIALS

1
1

A. First (mx) Potential

My first calculation of (xﬁ) scattéring is an extension of an
] - .1 ~ . o
example given by Balazs., He considered the force due to exchange of N ]

an elementary p , and obtained, in the small-width approximation,
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‘ B o, LA o ™ 2 ? . i

N A (t,8) = b (28 +1) Pp(z) T, " ®(t - n) , (1)

vhere B is the isotopic-spin crossing matrix, £ = 1 the spin and

2 1.2 2 .
G =L ®m -m o, and Fin }s the

{

'
=

m the mass of the exchanged p ,

input reduced width. The potential corresponding to (1) is

V(r;qe) = -2Lp 3-1/2(5‘+ qu2>r-l‘ e | _ (2)

Il in -

Balazs looked for the p resonance in the £ = 1 amplitude obtained

! . N
from (2), and found an approximately self—consistenﬁ solution with
. i ’ N
. C m= k.2 m end T = 0.47 (a p of mass 750 HeV and width 100 MeV
has m=5.3m and f = 0.17). |
However, it turns out that approximaﬁe self consistency is not
sufficient to determihe the value of thése parameters, as‘within 105
there are many self-consistent solutions. In what is referred to below
as_calculatioh A, I use the potential given oy (2), with the input p |
mass fixed at 750 MeV. I then adjus tne input width to obtain the
‘output p mass at the same encrgy; this solutionvis aiso self qonsistent,
and has I = 0.46 {corresponding to a width of 270 MeV). This calcu-
lation has no cutoff and no strip widtn; wit Fi detvermined, there

are no other free parameters, and the entire (low-energy) (xx)

mplitude in all three isotcpic-spin states can be calculated.

¥
lﬂ[)
=

P : .
%o

The results of calculation A, which are descrived in Sec. III,

rg

resembled experimental results suflficiently to encourage me to +try to




improve the potential by including some estimate of the contridbution

due to, the exchangevof the Pomeranchuk trajectory.

I C . : o
Chew 'has discussed the generalized potential arisihg from

exchange of a Regge trajectory in the. <+ channel, where the generalized

. s .
potential V7 (t,s) is

' ' o 8%t A (t1,s)
S, " t 2 .
vV ("C,_S) o= ; / oy - . (j)
v . A

»

He writes V as a sum of partial waves in the + channel (even

partial waves for trajectories of positive signature) and ,argues that

only the lowesw need,bé kept. He gives approximate expressions for the

[}

two lowest terms of the Pomeranchuk potential: +the J = 2 part looks

. N C LT '
like the exchange of an elementary § mulitiplied by a "form factor”

in t ; the J = O part, even though it has no associated particle,

is more important, and is repulsive. The exact value of the J =0

: 4 _ ‘ot . : 2
part depends on a sirip parameter, which I have set equal .to 200 m — .

A

I cannot make direct use of Chew's estimates

2

intended for only small values of t , and hence do not accurately define

B ; ! e e - .
A where I need it; instead, for each of these two partial waves I have

]

replaced A, oy a delta functicn, chosen so that the V calculated
g . o . .

1]
O
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o
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nd derivative at
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e

estimates. It then turns out that the J = 2 term is almost completely

negligible; the J =!'0 term is substantially smaller, but hes a slightly

.

he p potential used in calculation A. The complete

5

potential is the sum of the ¢ and the Pomeranchuk potenﬁials-

t_y

-+
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X 2y . 2, s - 2
\f(r;q ) = Vp(r:ql) + ‘fpzo(r)q ) + VP=2<r;q ) )
» e s c 2
where in units in which moo= 1,

v(r,q%) = -2hp, T, s 2 (g 4 1p) 7037 71

V§=O(T:Q?) = +180 Bid 5"1/2 ¢2-0r -1

2)e->.lr _—

H
[

~p

<

[\V)
—~
L
-
p(\)
~
I

-~ sM2(12 + 0.94s + 0.013s

(4)

'

I agein adjust I to get the output p mass at 750 MeV, and find

in ‘
I'._ = 0.55. The results obtained from +the potential given by (4) I call
calculation B. |

Surely the expressions given in (h)vhave at best a tenuous

connection with the correct Pomeranchuk potential, whatever that may

he. Howevey, 1f we accept Chew's arguments, these expressions should
el . 7 .

be reasonable gualitative estimates, and since they appear &s fairly

small corrections ©to the much beiter established p potential, might
be expected to improve the results of calculation A . As shown in Sec. III,

this apparentiy is the case.

C. '(ﬁK) Potential

The last calculation, which I call calculation C, is of the
(rK) scattering amplitude. I have not attempted here to put in the

Pomeranchuk potential, but consider only vector meson exchange, id
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£7(1250) and the £ (1500) . For I = 1 there is one such trejectory,
which I identify with the o ; for I = 2 the force is repulsive. The
real parts of the trajectories continue to -rise as the energy is

increased, at leést until s = &OO mﬁ2 , and in fact do eventually go

‘through higher physical values of £ . However, one of the assumptions

'of the BalZizs method is that the amplitude is elastic at the ener: in
E

b

question, and so it must lose its validity as the energy approaches the

- 3 + ‘ Falie o r 121 brd 2

strip width. As none of these "recurrences” occur below s = 300 me s
they could be considered spurious. The masses and the reduced widths ~,

of the three output resonances are listed in Table I; the output reduced

widths are computed by

[- Yy . o —l 1
I - Vs as '
- i 8 2£+1 . \ds ‘ )
L ~4 Js=s
resonance
and have units of (GeV)2~2E .

A calculation of s-wave scattering by this method is less reliable
than a calculation of higher partial waves, for the usual reason that the
s wave depends more strongly on the shorter—rangevparts of the potential;
--but it mignt be interesting anyway. The results of this calculation
are the strange-looking phase shifts ;hown in Fig. 1; the fact that
thése phase shifts wander through 900 has no significance. A large bdut
not necessarily resonant s-vave amplitude near the " p mass has been'

. , . . o . 8
previously suspecied from the asymmetry in p decay. . The s-wave

-

scattering length is -0.08 m_ = in calculation A and -0.18 m in
3

D

calculation B; the negative sign would be expected from the existence of
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trajectories above £ = O at-threshold. ‘ N
) - 1 2 me . s i o 3 .
Because of the factor s 1/2 in the definition of the potential, ¢

the Balazs approximation mwst break down near s = 0 . Nevertheless it
- would be interesting to be able to compute the values of the Regge
parameters at this point, for then they could be compared with the
values obtained from experiments at high energy in the crossed channel.
The procedure I have adopted is to calculate the Regge parameters «
= g 204 Vs . . s .
and 4n y == ﬁn\B/q ) above threshold, and attempt a straight-line
. - f v
extrapolation to s = 0 . -In most cases this extrapolation seemed
possible, and the results for the (mn) amplitude are given in Table II.
- 3 ’ * 3 . . . ‘

The width of the K in calculation C is very nearly equal to
the input width, which is about 2.5 times the experimental value. There
. - . s : n - K% 1
is one other (xK) +trajectory, with the gquantum numbers of the K (1405).
The results for these two trajectories are presented in Table III. TFor
the I = é (7KX) amplitude the force is repulsive.

As can be seen from the tables, the general features of the

. experimental situation ar Some of the closer

0]
H
o

(e}
o]
Q
£
o
[¢]
D
£
o
l.J
ct
¢]
Z
43
ue]
.
.

agreements with experiment may well be fortuitous, but the overall

s
4

pattern; especially the appearance of the 2  mesons, could not be.:

.
;

The most glaring discrepancy of my results with experimental results is
the fact that the input and output particle widths are too large, but
. o . o
This seems to be a common feature of most dynamical calculations.”
The results of calculation B seem somewhat better than those of ' . !

calculation A, although most of the differences are small. The output

destroying the consistency between

jo
~
=
e
jo))
s
=2
3
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=3
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e
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It is interesting to compare the above calculations, especially
calculétion A, wiﬁh the N/D calculation of Colliné and Teplitz.lo. They |
used an input @ with a width of 0.43, which is about.the same as vas
used in calculation A, but their output p trajectory did not quite

1=

make it to £ = 1 , and no trajectory rose above £ = 1.5 . Thus the

effective force in the present calculation is much stronger than in the

N/D calculation, even though the input forces are‘simiiér; If seems
reasonable that this is because the méthod used hefe.doeé include
contributions_to the force from higher terms in the Mandélstam iteration.
If this conjecture be correct, then the results presented here indicate
that a calculation that actually performs the iteration might be

expected to be very successiul. -

J
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& : Table I. Results for the (sxx) amplitude. The force input to -
[ ' ) calculation A is p exchange,. and to calculation B is

p exchange and Pomeranchon exchange.

T © I o T A
Prass o mass - T fO , mass £0
(MeV) (MeVv) (MeV)
Calculation A 750 0.50 1070 0.50 1900 0.55
Calculation B 750 0.29 920 0.35 - 1435 0.95
. Y- - a8 b ¢ c N
Experiment 750 C.17(100MeV)” 1250 0.25(100MeV) 1500

a. Ambiguities in the experimental values are not important to this
paper; these numbers for the p comes from C. ALTf et al., Phys.

Rev. Letters 9, 322 (1962).
b. W. Selove et al., Phys. Rev. Letters 9, 272 (1962).

c. See reference 7. !
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Table II. Values of the Regge parameters of the () amplitude e
at s=0. ¢
a .
% 7o % 7p - Ops 7ps
Calculation A 0.7 b 1.3 b 0.7 b
Calculation B 0.145 0.05 1.3 0.003  0.65  0.09
ther estimates 0.5 0.006%  1.05  0.006%  0.50°  0.065%

a.

b.

. e n 20 .\ . s '
7y is defined by 7 = E/Q , ¥nere q 1is in units of m_ .

S
I was unable to make a reliable extrapolation from the physical
region.
- ar <~ ~,> . - 5 34 \
R. J. W. Philliips and W. Rarita, Phys. Rev. 139, B1330 (1965).

These values come from an analysis of high-energy =N , NN,

and NN scattering, and use of the factorization theorem; .

sée R. J. N. Phillips ard W. Rarita, Phys. Rev. Letters 1l,

502 (1965), and the appendix to Heinz J. Rothe, Evaluation of

the I = O Pion-Pion Séattering Length Using a Forward Scattering

Dispersion Relation, Phys. Rev. (to be published).
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Table III. Results for the (xK) amplitude. .
Ly ' :
*p ' T '
Kass K* e Yex Kpass  Txex Oex 7_ICH'
(MeV) | ’ (MeV) . h
Calculation C 891 0.55 0.4 0.14 1265 0.16 0.75 .0.02°
Experiment 891°  0.22° 1405°  0.12°
(50MeV) , - (95MeV)
a. See footnote a, Table II. y

; b. A. H. Rosenfeld et al., Rev. Mod. Phys. 37, 633 (1965).
j
|
i
!
|
|
i
!
!
i

[}
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A. Makes any warranty or representation, expressed or
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
may not infringe privately owned rights; or
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mission, or employee of such contractor, to the extent that
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
with the Commission, or his employment with such contractor.
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