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EFFECT OF THE PION-PION RESONANCE ON K -p SCATTERING
Fabio Ferrari, Graham Frye, and Modesto Pusterls
lawrence Radiation laboratory
Univergity of Californis
Berkeley, California

Considerable theoreticsl interest hes been shown in the interpretation
of the lowsenergy K -p scattering data. The major effort has been directed
toward a convenient perameterization that tekes into mccount the kinematic
features of the many competing channels (K~ + p-+ X  +n, a¥) and the
"standard"” -Coulomb and mass-difference ccax*’zfecz‘t::i.crmal“"a’i’hL In attempts to
draw conclusions about the nature of the basic Kemeson nucleon interaction;
the assumption hes been made thet k cot ® is essentislly constant and equal
to the reciprocal (complex) scattering length. We have exemined the validity
of this approximation on the basis of the Chew-Mandelstem pmgra,mos We found
that the two-pion exchange, which determines the long-range tail of the K-N
interaction, gives a substential energy dependence to k cot & .

A qualitative determination that remsins to be made is the sipgn of
the real part of each (I = 0,1) scattering lexxgthoé Two attempts to do this

* This work was supported by the U. S, Atomic Energy Commission, & grant

from the National Acedemy of Science (F.F.), end the ¥. S, Air Force,
and monitored by the Air Force Office of Seientific Research of the

Air Reseasrch end Development Command.
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have been based on properties of the Coulomb-nuclear interference. The angular
distribution at 172 Mev/c (laboratory-system momentum) favors a constructive
in%erference7 and implies a positive sign. The other attempt is based on the
apparent leveling off and decrease of the elastic-scattering cross section
with decreasing moementum (PL < 150 Mevy/c). Jackson and Wyld have suggested
tﬁat this behavior is due to destructive interference and consequently

coneluded that the sign is negativea3

The energy dependence arising from
the two=pion exchange providgs an alternative interpreﬁation of the leveling
off. This can be seen qualitatively from the following argument: by virtue
of the small pion mass (compared with the K meson mass) ﬁhe‘tWOapion exchange
determines the longest-range part of the K -p potential. This suggests that
we regard the nuclear interaction as made up of the two-pion contribution
plus another part of shorter range; representing the net effect of everything
else, The peculiar energy &ependen@e is interpreted as the destructive
ihterferenee between the two parts. Knowledge of the sign of the two=pion |
contribution then leads to a deterﬁin&tion of the sign of the scattering
length. Recent advances in the theory of the pion=pion interaétion8 and of
the electromagnetic structure of the nucleon9 makevit possible to calculate
the sign and estimete the magnituvde of the twospion contributioﬁ;' )
From their theoretical study of the nucleon electrbmagnetic.structure,
Frazer and Fulco’ have inferred a resonance in the I = 1, J=1 staté.bf
pion=pion scattering. Quantitative conclusions are still uncertain,lo but
it seems likely that the two-pion contribution accounts for a large fraction

of the isotopic vector charge and magnetic moment. On the basis of their
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results, we suggest that the charge structure of the K meson also receives
& sizable contribution from the two-pion state. The consistency of this
hypothesis and its consequences for «K scattering has been studiedul1 This
nypothesis provides an estimate of the order of magnitude of the matrix element
for emission of two pions by a K meson (ax | KK). Using this estimate, we
have calculated the contribution of the two-pion exchange to the Kenucleon
.interactiohw (The details of thig calcuiation will be presented in &
separate report.)

We denote the S-vave K-mucleon elastic-scattering amplitude by g.
It is an analytic function in the cut se-plane (s 4is the total energy square
in the K-l center-of-mass system}. The physical branch cut starts at
s =8, = (MN + mK)2 and extends to +c0. There are other "right~hand" cuts
starting from the thresholds of the dynamically coupled channels, (m“ + MA)2
and (m“ + Mz)a o 2 The unitarity condition, which establishes certain

nonlinear relations between the amplitudes g,. of various coupled processes,
b Ny : d

is expressed by

k., e, b

N ] j ’
Im (g )ij = ow —/—i (; iQM) s
s (B, + _
@i =
o 1 W > fs
where ki’ Ei? and wi are the center-of-mass momentunm,  baryon energy,

and threshold energy of the ith channel. The dynamical singularity arising

from the two-pion exchange is & branch cut extending from the left up to

the point s = 8, = \/ MN2 - mﬁe + mK? @ mkg s Relative to the
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other dynamical singularities, this cut is very close to the physical region
s. = SO; and should produce the strongest energy dependeﬁce in k cot & .
We denote the elastic KN emplitude in the state of isotopic spin I
by ér s vhere I =0,1. These two amplitudes ére related by crossing
symmetry to amplitudes g(+) and g(”) that depend on the isotopic spin

I' = O; 1 of the exchanged pion peir, nawely

A
(2)
I R (O

The magnitude of the discontinuity across the two-pion cut is expressed for

our purpose as
8

.
J dsImg(‘”) (s) = R

= b Mﬁu fermi , (3)
51

where sl is approximately equal to 80 mﬁ2 . Assuming that only the
resonant gﬂ”) amplitude is important, we have three specific predictions:
(a) the isotopic spin ratio RC/Rl is =3, (b) the sign of R, 1is positive,

and (e¢) the expected magnitude of R, is rather large.

1
The normalization of our amplitude g is given by its relation to

the K-N eleastic scattering phase shift,

els) = s (E+MY{kcot ® - 1k) . (%)

In this note we use only a very simple model in which the effect of the

two-pion cut is represented by 8 8 function at the position s = a =935 m
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in the amplitude g. The dynamical singularities in all other channels are
represented by subtraction comstants.
 This model, combined with the many-channel unitarity condition,

Eq. (1), leads to the following expression for k cot & :

~

k cot &I = #s) + fI(S) T } s (E+M) , (5)
where
8 = 8 w ds’ Im(g”l) a-s. @ ds’ Im(g“l)
Ks) = 0 p : 11 2% ) 11
%€ | 8 (s* = s)(8® = so) x 8o (8" = so)(s' - a)
. R
1 1 . 1 T
fI(@) T o ( 5 = @& 8y = 8 ) 1 + B RI ’
o ds? Im(g™t)
1 J . 711
B = "'"‘“é" R 5] 3
%" s {s? « a)~

0

and Zg is a complex quantity which depends on the subtraction constants and

on the slowly varying =« - ¥ center-of-mass momenta. For each isotopic

s12 The calculations

spin channel, we approximate Zy by & complex eonstant,1
were done by adjusting the parameters RI and Zy to £it the at-rest

branching ratio

- ¢ (1 = 1) 7
=]l abs ,
= . £ = 0018 i 0009 )
abe {1=0)

the total cross section at 172 Mey/b (x utoﬁ/mn = 0.7 fermi) and the
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elastic and charge-exchange cross sections at 100 Mey/c and 172 Mey/e.

Two sets of solubtions vorse Jound, covrauponding o construltive or
destructive Coulomb-nuclear interference in the anguler distribution at

172 Mev/e (Table II). The clastic and charpe-exchange cross sections
resulting from the "consitructive” solution aré shown in Fig. la The energy

dependence of (k cot d is shown in Fig. 2, where the (at) solution of

I)ml
Dalitz and Twan is also reported for comparison. Note that only the values
of RI and the ratio RO/Rl given by the "constructive" solution agree
with those célculated theoretically. TFrom this consideration we reject the
"destructive” solution. Our principal result is that k cot 6T has a rather
substantial energy dependence due to the wo=pion exchange. Figure 2 shows
that Re (k cot 81) is positive for eazch isotopic spin state in the
momentun renge above 100 Mev/c. However, the real parts of the scattering
lengths appear to have opposite signs, that of the I = O state being
small and negativee'

Finally, we would like to remark that, by crossing symmetry, the
two=pion contribution to the K+-proton amplitude can be determined from
aﬁd R, o In this case there is a destructive

0 1
interference and flatteninglof the cross section for a repulsive Kf broton

the parameters R

short range. interaction.
We are deeply indebted to Professors Geoffrey F. Chew and Robert

Karplus for many i1lluminating discussions.
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FIGURE CAPTIONS

Cross sections for elastic and charge-exchange K"-proton scattering.
The (a+) solution of Dalitz and Tuan {dotted lines) is included for

comparison.

Momentum dependefxce of the real and imaginary parts of (k cot 5)-1
(8) for isotopic spin I = 0, (b) for isotopic spin I = 1. The
dotted lines are the (a+) solution of Dalitz and Tuan,
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Two sets of parameters that fit the available experimental data. The

solutions are characterized by'the constructive or destructive nature of

the Coulomb-nuclear interferehce in the angular distribution at 172 Mev/b,

Solution Constructive Destructive
‘.ﬁ. i 0¥ 4 fermi 2.0 M b fermi
R +C Ty 1l 0 K, Termi

RG/Rl*';T“

0

s

=1

e 0
=200

(1.3% + 1 C.7h)¥ f fermi

Yy
(0.67 + 1 G.12).° ferfal
.

ki

0.13

4 L"")O

[}
(0.93 + i 1.&4&6)&;{' fermi

oy
" . oA S T .
(=0.22 + 1 1,00, fewud




9.

-

11.

UCRL=9196
«Q-

REFERENCES

Richard H. Dalitz and San F. Tuan, Ann. Phys. 8, 100 (1959).

Paul T. Matthews and Abdus Salam, Phys. Rev. Letters 2, 226 (1959).
Jo De Jéckson and H, W, Wyld, Phys. Rev. letters 2, 355 (1959)-

M. Ross and C. Shaw, Phys. Rev. 115, 1773 (1959).

Geoffrey F. Chew, Ann, Rev, Nuclear Sci. 9, 29 (1960); Stanley Mandelstém,
Phys. Rev. 112, 134k (1958).

We would like to reiterate that the asttractive nature of the K=-nucleon
interaction is already determined by the large magnitude qf at least one
of the scattering lengths; Robert Karplus, Lo kErth, and T. Kyeia, Phys.
Rev. Letters 2, 510 (1959). '
KIEV Report 1959; Data of Rosenfeld, Solmitz, Tripp, Ross réported by

L. W. Alvarez at 9th Annual Conference on High Energy Nuclear Physiecs,
Geoffrey F. Chevw and Stanley Mandelstam, Theory of the Low=Energy
Pion-Pion Imteraction; Lawrence Radiation laboratory Report UCRL-8728.
Williem R. Frazer and Jose R. Fuleco; Effect of a Pion-Pion Scattering
Resonance on Nucleon Structure, submitted to Phys. Rev,

Jemes Ball and David Wong, lawrence Radiation Labeoratory (private
communication).

Graham Frye, Theory of the low-Energy Pion K-Meson Interaction (to be
submitted to Phys. Rev.).

S. W. MacDowell, Phys. Rev. 116, T7h (1959); Fabio Ferrari, Michael
Nauenberg, and Modesto Pusterla, Low Energy Dependenée of # = ¥ and
K-Nucleon S-Wave Amplitude, UCRL-8985, Nov. 1959 (unpublished). Michael
Navenberg, The Inelastic Scattering of Mesons and Hyperons (Ph.D,

dissertation) Cornell University. Fabio Ferrari, Michael Nauenberg and



UCRI~2196

-l

12. Cont.
Modesto Pusterla, Partial Waves Amplitudes for K-Nuclear Scattering

T gt 4

(to be publiched) Tawrence Fadiation Laboratory Leport.



-11-

! | | | |
€
(8] —
[ 2]
o)
~ —
I
o —
(2]
3
x 0.4 Re (k cot 8,)" -
I e —
_ 1 | | { |
0.4 50 100 150 200 250 4
< ™
__ 2.0 -
5 0,
"—:’9 l6p————————— _— —
— L2 , —
o Re (kcot 8,)
3 o.8
= In (kcot 8,)"
0.4 —
: 0 | ] ] | |
0 50 100 150 200 250
Momentum of K"meson (lab) {Mev/c)
MU-20295

Fig. 1. Cross sections for elastic and charge-exchange K -proton scattering.
The (a+) solution of Dalitz and Tuan (dotted lines) is included
for comparison.
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Fig. 2. Momentym dependence of the real and imaginary parts of
(k cot §)"* (a) for isotopic spin I =0, (b) for isotopic
spin I = 1. The dotted lines are the (at) solution of
Dalitz and Tuan.
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