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ABSTRACT

The method shccessfully used by Chew in thg treatment of pion-
nucleon scaﬁtering is applied to the scattering of K+.mesons by nucleons.
Two mechanisms are considered. In the first the K-mesons are emitted and
absorbed directly by the nucleon or hyveron, and in the secbpd the force is
transmitted by_the"27~mesoh field in the mahner,proposéd by Schwihger,
Distinguishing characteristicsiof the two mechanisms are discussed and -
predictions concerning the angular distributions and isotopic spin\dehendence
at energies less than 100 Mev are given., Somé/unUSual features of the

7 -meson exchange mechanism connected with the S-P wave coupling are noted.

“Within the framework of the general Chew—type approach a predominant

»z/—counling mechanism appears incomnatible with recent data. A direct
emission absorption mechanism with Z; coupling and with the square of ‘the

K - /A - nucleon coupling constant three times that of the K - 2 - nucleon
¢oupling consfant is indicated. The scattering obtained from thisbmodel
usimg the Chew approachvis considerably damped compared with the perturbation
result. Correspondingly the coupling constant‘obtained frqm Chew theory

is larger than that obtained from perturbation theory.

Y , , :
This work was performed under the auspices of the U.S. Atomic Energy

Commission,
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Perturbatlon theory has been exten31vely used in the analy51s of
.various strenge—partlcle 1nteract}one.} For K-ion nucleon scatterlng the
problem is fermally;quite‘eimiler‘toithat of meson—nucleen er nucleon—
hucleon scattering, for which the perturbatioh approach is knohn to be
unsatisfaetory, In these problems it was rather the cutoff theory of Chew2
that first gave qualltatlvely correct resul_ts° Although. the re001l effects
which are neg}ecteq in Chew's epproach;‘Qeu1d>be‘expectedvto be cohsiderably
more important in K-particle scattefing,‘the inclusien ef these.effects
would not be expected to completely aiter the characteristic features
obtained frem‘the_theerj;<peftieﬁiarly_ét Jow energies. (The recoil effects,
and also relativiStie effects, cah he included by ; slight extension ofv
Chew's method, but this generelization is diSCussed elsewhere ). In the
follow1ng paragraphs the method used by Chew is dlrectly applled to K
riucleon scatterlng and the results are dlsCussed

If only S and P wavesvare retalned the dlfferential'cross'section

for the scatterlng of a spln—zero partlcle by a spin-3 partlcle is”’

1 ,
See, for 1nstance, R. Spltzer (to be publlshed ih Phys Rev.):

2 .
G. Chew, Phys. Rev. 89, 591 (1953) and S. Gartenhaus, Phys° Rev 100,
900 (1955). ‘

See, for 1nstance, Bethe and deHoffmann, ‘Mesons and Flelds, Vol II

Row—Peterson, Evanston, Ill., 1955, p. 66.

L Only the nuclear contrlbutlon is dlscussed in the body of the text. The
‘ Coulomb corrections are discussed in the Apnendlx
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: Ido‘/d.n- - 22 {( lal2 + "_al - 335|f'2) + (2 Re a*(2a3+.al))<-305 )

+ (] 2a3+ al, - [al - a3| )cos e}
| (1)
Here a = (sin § )eg' ,) where § is the S-wave phase shift, and a5y
is the same'expression with 8“ Vreplaced by thé P-wave bhase shift 821.'
This formula, which is the same as for mespﬁ-nucleon scattering, applies
- directly only to processes that proceed thréugh a single isotopic spin
state. 1Iﬁ Keion nucleon scattering there are the two isotopic spin states,

. T=1 and T =0, and the a and a
: T

23"in1Eq,'(l)‘muSt be replaced by

in the following way: -

27

. . . T
linear combinations of a° and a

K++ P——>K++_ Py
.. 0. o
- K % N—K + N

+

K+ N—kt+ v

s . . (2)
(o] [o) .
K + P'——)K + P

kP e v+ P o _i
MO » v e ai-"‘)%(ai - a.i )
K + Pkt + ¥ | “ |

In these expressions i isb'l, 3, or nothing. The three cases in Eq. (2)
will be réferred to as K+~P scattering, K+—N scattéring, and exéhange

~scattering, respectively.
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The Chew approach to boson-fermlon scatterlng is to solve approx1mately
‘an 1ntegral equatlon the 1nhomogeneous term of whlch is obtalned from the

: perturbatlon calculatlon correspondlng to the dlagram in Flg. 1.

S : -
s .~ - L7
, ~ 7 -
7N
7 ~N N
A N ..
T Aovr = n

. Figure 1. ~Perturbation diagram. Only crossed diagramsA

-contribute because of conservation of strangeness..

The form of the 1nteractlon in ordinary spin space may be spin-
independent (scalar coupllng) or proportlonal to k EF (gradlent coupllng)

| In 1sotop1c sp1n space 1t is most natural to use the form

. eg,m’.‘}(fﬁ ‘+ Hoco o, B

int

where a sum on /g& from zero to 3 is 1mnlled The' /\" is the creetion
operator for the /\ partlcle, and /1 /q /4 are related to the
creatlon operators ‘§:+ E: §; of the correSponding ‘§: ﬁparticles'
by | o |
=+ s Ry N LR Zo 3
‘;E:v = == (/1 + i/\ ) :E: = _E_ (A -1/ ”‘}ZE. = //\ .
B A R £ |
S : . - : _ ‘
The operator K creates K' or K. If the mass dlfference of the /\ and
E: particles is neglected then the perturbatlon result, in its 1sotoplc
spin dependence, is. proportlonal to .

v - <(sj|zpl+-zpolori> , W

Tﬁi | Jof
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where & and /é? <iesignate resnectively the initial and_final isotopic
_sp1ns of the nucleon3°v i and J de31gnate respectlvely the 1n1t1al and
.flnal K-lon isotopic snln states, and P are the progectlon operators for
the total 1sotoplc spln elgenstates. Accordlng to Eq. (&) the 1nteractlon
(3) would glve in the perturbatlon limit, and in fact generally, equal
scatterlng amplitudes for the two isotopic¢ spin staﬂes. Substltutlng

ail = aio into Eq. (2), one finds that K* P ‘and K*—N scatterlng would
- be identical and exchange scattering would vanlsh In order to include the

most general iSOtoplc Spin.dependence, the right hand side.of Eq. (4) can

be replaced by_b

.(PJ-ICP-#CP (o), (s
s ' ' o . S o o
where the 'CT are arbitrary constants. For instance, if only the A
contrlbutlons to the 1nteract10n (3) are 1ncluded, one. finds Cl = -CO = 1.

In this case Eq,. (2) shows that the K -N scatterlng would vanish and the
,exchange scatterlng would be the same as the K+—P scatterlng | If the /\O
coupling constant were the square root of three tlmes the :E coupling_.

' :constants, then CQ = O and only the T =1 states woulo contribute.
| Follow1ng Chew, the nucleon is con31dered as a fixed source of the
- K-meson fleld In a fixed-source theory there is only S scatterlng if
.scalar coupllng is used and only P scatterlng if gradlent coupllng is used

In the latter case Chew's results may be used almost dlrectly and the tangents

vof the P-phase shift are glven by

| . . . : | e
tan'S;J' = *C Cog X(CL%)/l —_CT'CZJ'/\(LUb) ; - . (6)

5
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where"CB =2, Cl - -1,
X(ewy) = & ( : > o,
~ 3 \ o e
‘ . 0
Al 1 o kf' \* k o
Adlawy,) = 4 g dedy —31— (‘?ﬁ"> —Z e
: - : m ' JLK Q.i{ - 0
2 : 2 ' 2
«“, - k+m

Here 41% is cak plus the absolute value of the‘nucleon—hyperon mass
difference, M 1s the cutoff energy and subscrlpt Zero de51gnates values
at the incident energy. The notation of Chew is used: oo s, k and m

are the energy, momentum magnitude, and mase of the K 'particle,_and £
is the K-nucleon unrationalized coupling constant. Natural units

(# = c = 1) are used throughout. 'Equation'(é) gives the dependence of the

P-phase shifts on the incident KQparticle energy c%y and it provides for -

~a possible resonance in cases in which C_C2J ‘> 0. For interaction (3)

. ‘ | T
we have CTC3 = L for both values of T, and the phase shift 33 is

“expressed by an equation identical in form to that given by Chew for the

resonant 8

3

3 phase shift of meson scattering. The formula (6) is also

valid for the S-phase shift from scalar couollng if l/3(kf /m) is

replaced by g and C 2J by C = 1. Angular and energy dependences are

obtalned by substltutlng Eq (6) into (l) and (2) The unknown gquantities

are_the coupling constant_ fﬁ.,(the cutoff_energy M » and the CT°

The
CT are easily obtained from any specific interaction, as was seen above,
but the experimental information is as yet insufficient to fix ' and M.

In spite of these ambiguities recent expefiments seem to weigh against an
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1nteract10n predomlnantly of the form (3) in whlch as mentloned the K+ P
and K+—N scatterlng amplltudes become equal, Experlmentally5 the cross
sections from complex nuclel appear con31derablj less than the _K*—P cross
section multiplied by the atomic weight. Either a‘small K+4N: cross
section or destructiVe interference seemsﬂindicated° This latter possibility
may betachieved by usiog a quite different mechanism for K-ion nucleon -
. scattering, the one recentlyvproposed by Schwiﬁger.
| Schwingere'hes suggested that K-ion micleon scattefing is due in
large measure to processes in which the K partlcle and nucleon exchange

ZV mesons.? The lowest order perturbatlon dlagram is shown in Flg 2.

: Flgure 2 Lowest order dlagram of n’—meson exchange

(Schw1nger) mechanlsm for K—partlcle nucleon scatterlng

. The isotopic spin dependence of the matrix element for this diagram is,

if We‘neglect-the zf'—mesonwmaSS,differences,

5. S. Goldhaber, Proceedlngs of the Rochester Conference, 1956
6 J. Schwinger, Lectures at Stanford Summer 1956 Maurlce Goldhaber
N (Phys, Rev. 101, 433 (1956)) originally’ suggested the Z?’-K 1nteract10n

4in connection with K-particle production in meson-nucleon collisions.
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/ ) o “b | S -
T,Bo‘ 2in - (‘BJ.] p» - 3P (.o( i) .. (7)

where A is summed from 1 to B.V'To firs£ order théfamplitudes therefére
satisfy the feiationv'aio - —3::1i]"° Aécording to Eq. (2) this would make
the k"N amplitude ecqual but-opposite to‘ﬁhe K*iP amplitude. The
exchange~scattering cross section would be four times that for K+¥P
scattering. |

The external lines in Fig.'Z'are the same as those for Fig. 1, and a
- treatment analogous to Chew's ma& be obtained fof the Schwinger mechanism
by replacing the ma£rix elements corresponding toIFig. 1 by the matrix
elements corresponding to Fig. 2. The:resulting integral equation is, of
course; just.that'obtained‘ffﬁm thé one—ﬁeson Témm—Déncoff approximation.'
Its_inhomogéﬁeous term is the sum of the méirix elements for the'two time-
ordered processés'represented by Fig. 2 and is given, if the nucleon is
taken to be a fixed'soﬁrcé apd»fhe K pariicie‘is assumed to be Qéry massive
with respect to the 7 -meson, by

;'(kvi‘ s ;;3 | u | ;'f;oy‘i) |
| . ’. T PR 4 .- s |
L7 g ik - k)07 2;°fn 1“Cji -, (@)
o JF o
kl

k

2 - a2
(ot 1=K ) (e
where o - and fB designate respectively the isotopic spin indices for
the initial and final states of the nucleon and i and j are the
corresponding indices fb%vihe K:parﬁicie, The nucleon -spin indices are r

and s, - is' the ' 2’-meson mass, f 1is the unrationalized 7’-meson-
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nucleon coupling constant? and g . is the unratiopalized coupling éonstant
for the 7 - K interaction:
3 3 = 1
(1) (g,u-) d'x K(x) 77 K(x) g,(x).
" I X
, - e S g
Transforming Eq. (8) to the L S J M representation, one obtains, for

J=J =3

' o B sl xRony 1)

= (hT/)zwfg é&ﬂﬂ (ﬁj"Pl‘— 327 | of 1)
| Lk - L

A /‘*+(k+k) [ & L]0

g P -1 e, e )F
/“' x 2k
B S 0 o O
' where (x' f' IYA [ k f) = [f ,V._ k = [;l h

the Y2 -0 | state being top and left. For J = 3/2 ' the matrix element
'_vanishés; there is no scaﬁtering in the J = 3/2 state for the Schwinger
mechanism if only S and P waves are 1ncluded This is because the’

interaction converts P wéves to'S waves and the latter cannot oecur iﬁ a.

= 3/2 state.

The'definitiqn of the 7’-nucleon interaction is the same as that of
- Chew. ' G. Chew, Phys. Rev. 94, 1748 (1954)."

The normalization convention.chosen here is

(p £ m|P) = 15€ Y o' g') @7)° §(p = p')/o? ,

(b dn | o ) = 8y S @1 8- 2047
| p)(p — S dlo/(277)3 S plap/(27)° S 4
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“The introduction of the representgtiog where J ‘and T aré diagonal,
has not completely diégonaiized the‘oﬁerétgr U, as it didbiﬁ the previOus
case, because A is'npt diagonal in the ;ﬁgulaf momentum quantum number & .
In order to find the 1ihear combination.of the 'S ana .P: wéves‘ﬂhich are
the:eigenstétes of thé probiem COnsidef‘firsfntﬁe iowést~oraer~éppf6ximation.
To lowest order'the‘tangehts of thé phése.éﬁift afe.pfoportionaiAto the
matrixuelement of U between its initial and final eigenstates.zb By
energy conservation we have k.; k', and the éigenstatés are the linear

combinations

L |xidmMTr) % [kooMTT) | I | ktamMTT) .
' 2= -z _ L2
| | o)
If these vectors are used as basis vectors the matrix (x' "U:,‘k): becomes
: 4 -k -
. a1 ol k
| U] 1= P, 0T -30) P , o .
-1
“where
F(k', k) = ) fer(k+ k') gy (M + (k+ k) (12)
16 kk' (W) &q,)= BV AR
and P2J = Pl is the projection éperafor fop the: J = %,staﬁe, The exact

expression for the phase shift is

- B. A, Lippmann and J. Schwinger, Phys. Rev. 79, 469 (1950). The

normalization conventions used in my paper are slightly different

from those in the reference.
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tan 8. —m-kO O (k, 9 Klk ) N (13)
o = ) 0 Oof— ’ e
where kg, 1s the wave number in the initial and final states and </

. : 2
designates the eigenstates of (ko'/ K , kO);: Following Chew, the

reactance matrix K is,approximated by the solution of the integral equation

-1

K - U+U(cuo -H) T K, C(14)

and then the matrix element (ko o | K , 'koo( ) is approximated as

(ko°( l U koq)

. -1 |
(koq l U(wo‘Ho)b Y ' kOO{‘)

(koo | KI ko ) =

1 -

. B _ (15)
On consideration of the various terms in the iterative solution of Eq._(lh)
it may be seen that the eigenstates of the matrix (kO I K I ko) are the
same as those of (ko I’U I ko). The equation for the phase shift may .

therefore be éxpfeSSed, with the aid of Egs. (il), (12), and (15), as

tan§ - %0 % ¢ F(k,, koyl - ¢ Ak (16)
8 : |
T
_where %1 = qt are the numerical constants,
1 1 o . 0
c, =-1, C =1 C, =3, C -3

y - Co=1n G E=3
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and .
A(ko) i} 1 o y kzdk, . l F(kos k)’ 1 - ] ‘kO -k 1
Pl ko) J 27) (w - w) | kb

A7)

Substituting Eq. (12) in (17), one obtains

Alk) = f& k di v[ﬂn {/3 + |k *+ x| } ]
AR T S Y P e

:
[ #{aternl T

In the region k. & & f& the value of (k ) ‘given by (17') becomes
0 M A 0
' 2 2 2
~A'(ko')': i‘.‘_g__2m - M _.m/u ﬂﬂ m+a) __/4:_
m 2&2_ Chad m-a /'A La?

_ v _ , :
+/u +2a/.¢-l+a m gn/m+a>;_2ﬂn i+°°:]’
3 : o | 2m/x :

8a  m. m-a

2 - ‘2 . 2 ' C REEN e . : .
where a = m - /u . Replacing the K-meson mass m by 3,5/& s . one obtains

Alkg) ~ &8 | 95 +(k0) { -3 - 2fn(k, /T4 )j + o
| ° ﬂ“»E (/*> L0 | - ](17"‘)

Convergent results are obtained without introducing a high-energy cutoff



UCRL-3535

as was necessary in the pfeviously discussed directoemission—absorption
case and in the case of z/ -meson nucleon scatterlng

" Because of the. m1x1ng between S and .P waves Formula (1) for the
cross sectlon is no longer-adequate v If the noncontrlbutlng J = 3/2 terms
~ are omittedAthe modified expression for the differential cross section

: 10
becomes -

do/an = Az { [ b .’2.1-{‘,19_ ]2+ 2 | » lz+v(2 Re b;_ b,—* -2 b |%)cos ef ,

(18)
where

| | T T
T ) 216, , 1 218
B, = 1 (cos” € e + sinn £ e -1) ,°

T | o T
o o 1 288 o 5 o1 218 ,
b = ;E-(sin" E- e -;F_cos _EAJe L =1) TSR
2i ' ‘ .

I S 21,,,8_,_ 21 S__f _
b = sin E ,-cosfe_ (e . .. - e __ )

_ (_l?)A

The relationships between the b;  appearing in-Eq. (18) and the by

- appearing in (19) are again given. by Eq. (2), but with the b, replacing

the ei. Explicit formulas for the cross sections are then obtained by

10 |
See Blatt and Beidenharn, Phys. Rev. 86 399 (1952), and Stapp,

Ypsilantis, and‘Metropolls, Phys° Rev. (1n press) for treatments
of similar 51tuatlons 1nvolv1ng coupled partial waves

t
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‘substituting into (18) and (l9)Ithe_values of-the phase shifts'giVen Ey (16).
The velue of the mixing parameter E_,T is /L -as a consequence of Eq. (10).

| Equations» (18) and (19), which .include only the -J' = 1 c'oritributions,
would be expected to hold only in the low—energy region.’ A£ energies betyeen.
the threshold for P waves: and D waves the coupled P-D wave eigenstate |

should begln to contrlbute. If these_states ‘are 1neluded the expreSSlon

for the differential cross section beeomes

QG'/d.ﬁ'—v:v‘%ng+Bco.s 6 +C cos” é,+_'n cvosg"@} 5 (20)
Where
- 2 ., a2 12 2 2 )2
A = Ib+l, +Ib_l}..+2"bl’,+_)p+3, +’b_3, +2l<b,3,
- 2 Re b+l b_,_3 -2 Re b -1 +3 + L.Re by eB L
| | N
B = 2Reb b +1 - 2 ! by ’ + 10 ) b3} - 10 Re b 3 +3 el Re 41 53
1f 4'Re b_ b_'3 + 8Re bl1b3 ;
¢ = ) 3I+3, 3’+6]b3l+6Reb+l +6Re,b-1 +3*
- 12 Re bl'b3* , ~ , »..:' e
D = -18 ) b3}_~_+_ 18 Re b_, b - o (21)

=3 43
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T T , o o
The bin. and 'b2J are defined as in Eq. (19), but»wibh-theisubscript
2J now included. The relationship of the ..b and, .b,, appearing in
’ T o e t2J “T2d -
(21) to.the 'biZJ and ,b2J is again given by Eg. (2), with the ay

replaced by the bi.* : _
Expressions for the J - 3/2 phase shifts may be obtained by_the
same methods as were used for J = %.  The results may be expfessed'in the

form given by Egs. (16) and (17) but with F(kzk)_rgiven by

‘ f — A .
Fk', k) = -(u) fg-(k+ k') I. A % (A+ 1) - 2} ,
1 i1
;.6 kk! (wk o.)k')z (22)
2 2. 12y
where A = (/A- + kX + k )/2kk . The valiue of the J = 3/2 mix1ng

parameter & 7/4, as‘is éiA’ and herice b =-b . This allows

3 -2d  J

some 51mpllf1cat10n of Egs. (20)
It should be mentloned that the cross section formulas (18) and (20)
. app;y expllcltly to unpolarlzed,ltarget.r_lucleons° If the form of ﬂ/mK
'~vinteraéticn assumed above is used and if ﬁsé,hthe cbmponénéﬁof nﬁcléon B
spin ,along\ ‘t’he‘d'i_réctlio_n of the incident K particle; is 't-;; then the

cross section given in Eq, (iS)lshbuld be augmenfed‘by the additional term

Als/any - ry [2 Im p*_(b% j:‘_b_-)l:]_.(;"— cos 9)

This dependence of the cross section, a scalar, upon-<3‘°kn ; a pseudoscalar,

is possible because the interaction is not reflection-invariant. In the
‘interaction proposed by Schwinger, reflection invariance is maintained by
taking the two K  fields that occur in the interaction to refer to states

of opposite parity. In this case thé-35252&c?/6410 term;-ﬁhich is an
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interference effect between the parts‘of the écattering amplitude dqé to
even and odd numbers of meson exchanges, does not contribute. If there is
only a single tYpe of 'K’P parﬁicle and. yet the 77/—K 1nteract10n is
:present the polarlzatlon effect mentlcned above prov1des, 1n pr1n01ple,
a method of exhlbltlng the 1mp11ed parlty v1olat10n
The. equatlons of this. sectlon prov1de a formal descrlptlon of the
scatterlng of “K ,particles by nucleons accordlng to a Chew-type approach

In the next sectlon some consequences_of these equatlons are discussed.

~7
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—Diséussionf -

"The-omissioﬁ of recoil and relativistic effects constitutes an
bbvioué defect in the above theory. These effects may'be'inéluded, in part, by
replacing innﬁhe inhomogeﬁeous term éf the~bésic integral'équation'the
approximated perturbati@n!mairiX'elements by.tﬁe exact perturbation matrix
elements.. Such é’programfis'npw in progréSSw-.Howeverg-at low energies’

“the main effectvof including these corfections:Will.be ﬂo modify ﬁhe
resonance-damping. functions - zl(ko) ‘and 4&(<46),::Since,these furictions

: depend also upon the cutoff fundtioh (which according to the viewpoint of
cutoff thédry Should be introduced to simulate the efféctslof complicated
high-energy processes) thej may, to some extent, be considered as parameters

to be adjusted by a comparison with observed phenbmeﬁqma. It is of interest, -
therefore, to consider tﬁose general features éf-the theory that are not
strongly dependént on.thevdetailed béhaVior of these resonance-damping
functions, but which constitute rather the chafactéristics inherent in the
geﬁeral methbd'of appfoach.

It may first be noted that at low energies the energ& dependences
predicted by therthréé'models differ mérkedly; For the scalar coupling
model the cross section is approximately energy-independent near ko = 0,

In the"77 —coupling and gradient-coupling models thevcross sections ?ary
as the first and second pbwers of the incident.kineticvenergy respectively°
If the_actuél relativistic form of the direct interaction between K
particles and baryons is either B; or scalar, theh in the low-energy
limitran effective scalar interaction would be expected to predominate.
.In’ﬂhis case the K -P differential cross section would, according to

Egs. (1), (4) and (6), be isotropic with magnitude
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o [ 2,g2/(wb+~M£ - MN)(l - 2A(wo-))_]2. (in ntatura'l units K = ¢ =1).
Here it has Been assumed that the phase shift is small and that the"
isotopic spin dependeﬁce of the interaction is‘that‘given in (é). "According
‘to Egs. (2) and (4) the KfQN éross sections would be the same as the kt-p
cross section aﬁd the exchange‘écattefing would vanish. At élightly’larger
eﬁergies the W’écoupling medhanism with its linear energy dependence and
its presumably much stronger 7 -nucleon interaction woﬁld be eXpected to
become predomiﬁént5 A cﬁaracteristic feature of this mechanism, at.iow
'enefgies, is the .(l'— cos ©) angular dependence. This form of angular
:dependence may be seeﬁ.from Egs. (16),:(18) and (l9)-if it.is noticéd that

b

, = b_® 0 for small -§

P

mechanism is that at low energies the differential cross section contains

. An unusdél feature of the Zf—éoupling '

a cos 6  contribution but no contribution of the form 0032'9; For more
usual interactions, in»whiéh states ofAdifferent'parity-are not coupled,
‘thefaﬁgular,distribution is isotopic ﬁntil P waves begin»ﬁo contribute
E énd then, in general, both cos 8 and 0032 9. termé appeér simuitaneously._
For 7 .COUpling tﬁe ’cosz © term would be expected'to appear ratﬁer in
'éonjunction with av“COSB é cdnﬁfibutioﬁo"The preéence of é_large cos. ©
term and a‘small éosz'é contribﬁtion]in the différential‘cross section
at low energies (éog,; less than 50'M§v)‘wouid,'ac;ording'to this phase-

shift approach, be evidence for the presence_of'a K-pion coupling.

11 ' :
. This conclusion is somewhat vitiated, however, by the conflicting

predictions of the Born apprgximation which, for the Schﬁinger
méchanism,igive a peaking'arouhd 90°'for‘laboratpry-ehergiesvhear'

24 Mev. See Eq. (8).
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If there is an energy range in which the Z/—céupling méchénimn
becémes predominant- but in which the reéonancg—damping function. is -small,
the - KT-P cross section will, according to Egs. (16), (18), and (19), take

the form
do~/d e = __gi {,1;‘c032$]2+|s1n”28l2 .

+ (‘ 1 - qbs ZS_IQ- ,sin'28,2) .cosne_} )

. o (23)
. |

where é;, abbreviates the 'VS _given by Eq. (16). As the.energy.increases

+-
the resonance~damping function jA(ko) should first become important in
the T.= 0 State,.since thellargest of the CiT‘ is Q+O - 3.v In the
neighborhood of this first'fesénance the K+—N‘ and exchange-scattering
cross-sections would become large and'équal; ﬁheréés the K -P cross section
would remain small. According to Eq. (19) the values of I b+9 rz,' -
‘,_b_o-lz and I bo-lz at this resonance are a1l, ~1/l.. At resonance

- the differéntial_croséVSection,therefore becomes approximately isotropic
with magnitude ; 22 just*aS'for an S-wave resonance. This resonance

would occur for a value of  kg at which, gg(ko) = 1/3° If the resonance

occurSjat.a,sufficientlyvldw energy the expansion
o N TN L2 2
Mig) = (ge/m) [ .95+ (kg /p0) 5 -3 =2 nly /1 (,+ ]

) : o ; - - .12
may be used. The estimate fg 2o 1 has been made by Bernstein  on the

basis of the Born approximatién and an estimated 20 mb cross section at

12 '
~Jerry Bernstein (private communication) .
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energies between 30 and iOO Mev. If this value is used_a_reéonancéﬁor a
near resonance would be expected in the ﬁeighborhood-of threshoid and the
ﬁhreshold characteristics outlined above wéuld be largely overshadowed by
the resonahce’effect. The valué fg = 1 1is, of course, only a first
. eétimaﬁe. Since the‘predicted behavior qf'ﬁhe crossvsection depénds 
sﬂrongly on changes of fg iq this region a knowleage of the experimental
situation would, within the‘frameﬁdrkvof this theory, be‘éxpected to blace
_‘severe conditions on the value of the coupling constants,v The existence
of resonances at or near,threshold Would also imply that the perturbation
approximation would be bompletely incofreqt ihithe low-energy region. .

Tﬁe above discussion iﬁdicates a'coﬁsideréﬁle strucﬂure in the
scattéring~cross section at léw energies if ﬁhe -2/Fcoupling mechanism
‘is operative and if the'estimate for fg is reliable;, It isvof probably -
more immediate interest to consider.ﬁhe somewhat higher‘egergiésffbr Which
experimgnts héve already been performed. From:the uSual/;:$:;Zter argument
the S- and P-wave formation‘WOuld be expected to be Valid_up to a laboratory
energ& of aroﬁnd 100 Mev. At this energy the vélue of -ZS(kO) given by
Eq. (17') is found by numerical integration-tb_be f&:(l/B)fg. If - fg is
again.assumedfto be unity, then, according to Eqé. (12), (16), (18), and (19),

. the K'-P differential cross section is

dg—/d_n_ —_\_4")2 i v.‘58 - .23 cés e } ’ x - (24)

where . ~12 'is Ay 9 mb. . In this exp'ression.fthe strong backward peaking
characteristic of the low-energy perturbation treatment is considerably

reduced. Taking ‘fg,;ﬁé uﬁhe_cross §ecti¢n_be¢omes‘

do /i = X i'1,2_3’~+ .33 ¢os 8 } , : (25)
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whiéh'gives a forward peaking.

The total cross sections givgn by Eqs,L(Zh) and (25) are much larger
than the obserﬁed value of . A}ljjmb. B If smaller valqeé of »fg‘fare used
the resonance-damping function Becomes unimportant in k*-p scattering at
this energy and the expression for the differential cfoss section reduces
~ to the form (23). The value of the single unknown'pafametér S  may
then be determined by fitting the total cross-section data. The value

pRe)

thus obtained is & =~ 30 . If this value is reinserted- into Eq..(23)

the differential cross'section takes the form
de/fdn { 1.2 - (1.0) cos & } mb.

This expression gives a strong backward peaking, in disagreement with the
experimehtal data, which suggest either apprbximaté isotropy withvconstructivq

13

= Cqulomb intefferehce at small_angles or pérhaps forﬂafd peaking. Thus in
the framework of the no4re¢oil Chew5approach'the 77 —coupling mechanism
is aﬁpa£ently th compaﬁible with fhe experimental data.

'This:apparent failure of the | 77-—cou§ling ﬁechanism could
‘_COnceivably’be remedied by including fecoil‘and rélativistic'effectsb
Thése corréctioﬁs would altervthelﬁalué of the resonance-damping function.
Howéver, in‘order to'remove the‘b;ckward peaking and_yet retain the small
total croés sectioﬁ ﬁhe necessary incfease_in_the resonancg—damping

function must be a full order of magnitude. It seems unlikely that the

vadditiohalvbontributions could produce effects as large as that.

13- _ —— o _ 3 .
3 Biswas, Fabbrichesi, Ceccarelli, Gottstein, Varshneya, and Waloschek,

Nuovo cimento,(tb be published). I thank SuIAmiﬁhwGoldhaber for making

available to me her preprintkofvthis paper.
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There is a p0531b111ty that hlgher phase shlfts are enterlng
51gn1f1cantly at energles much lower than expected | The form of the
dlfferentlal cross sectlon do‘/do‘ - a + b cos e whlch 1s characterlstlc
vof the Zf—coupllng mechanlsm at low energles, mlght in thls case appear
only at.very low energles,v Both the phase—shlft method and the Born
approximatlon predict backward peaklng for energles less.than 23 Mev. At
higher energies the Born approximatiOn leads to a forwardpeaking° An
- analysis of the correlatlon between energy and forward backward asymmetny
would prov1de a crltlcal test for the presence of an 1mportant zf—coupllng
contrlbutlon 1f the Born approximatlon 1s valid | o
| | Unlike the ﬂ’-coupllng mechanlsm Just dascussed. the mechanlsm
1nvolv1ng the dlrect emis51on and absorptlon of K particles by baryons '
‘can prov1de, w1th1n the framework of the present general approach an
adequate 1nterpretatlon of the experlmental data now avallable° These-
data are con51stent w1th an 1sotrop1c distrlbutlon together W1th constructlve
Coulomb 1nterference in the forward direction° If the K-baryon coupling isa
a scalar interaction an isotropic S-wave scattering would be obtained from
the fixed-source theory used here. However, the effectlve potentlal
obtalned from scalar coupllng is: attractlve and the 1nterference with the
Coulomb contribution would be destructive. On the other hand the
relativistic Ug 1nteract10n gives an effectlve repu131ve S~wave potential

Thus a sultable form for the 1nteractlon Hamlltonlan would be

| 7 X 3 ” |
Hyp = (M’) /\ S x K X N+(l+7f) s S d’x A-_ K'.‘K;_’Z:eN%'H,C,v

N

If~we take gz = (3) %A ; and if the hyperon mass dlfferences are

neglected, there will be pure isotopic triplet scattering in agreement
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w1th the 1nd1rect ev1dence from scatterlng by complex nnclel The stronger
coupllng of. /4 partlcles is also 1nd1cated by the hyoeron.productlon
ratlolh 1n plon—proton colllslons if the estlmated 3 1 ratlo of ,«
produced to /\ 's observed is correct If hyperon mass dlfferences and
_re001l effects are neglected the methods of Chew can be carrled through
much as before, and the S- phase shlft is expressed by Eq. (6), but now with
| Clvz _%_; and CO 0, l(ko f /m) replaced by %«2' .ka replaced
vby C‘%& mlnus the’sun.of the masses of the nucleon and hyperon, and CZJ
breplaced by C = 1. For the P—wave phase shlft Eq‘ (6) is valld as 1t
stands, with the values of C and CO »agaln_ % and O respectlvely°
TheiP—wave coupllng_COnstant ‘f i is related to %4 »by the equlvalence
theorenvrelationship £ = mgﬂ/(Mﬁ + M ”), where. m ’ILMN R and MZL
are the K-partlcle, nucleon, and hyperon masses respectlvely When the

above substltutlons are made the phase—shlft expre551ons (6) become

12 k. - |
. L A b . 0 1+ 5 A (e o
tan § 2 g/\ (MN+ M_ - o / T3 -AS(QO) ’

Wl

I ! B R _
_ k[ %08 ko L AW
| ST ‘ (26)
Y AL N . T S Ve
- k=) . .. . l___
van 3‘ =13 My + Mo Wot M - My / 3 ‘90

1 ) _ | o
b J. Steinberger, Proceedings of the Rochester Conference, 1956.
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, For energies.less_thanllOO'Mgv ihése‘gxprgssions.give%ép_5~phase shift that -
is large; by an ofder,of magnitude_ﬁhan.thg,R—phasgishifté,:provided the
resdnance—dmnping denominétors are not,dominatiﬁg.factq%s.,,If,the-P—Wave
contributions are neglected then the differential‘crqss,sectign‘obtained

by substituting Eq. (26) into (1) is "

e _ 1 ,
do/an- =2 | _ v e s (2D

- 6‘)o.) . L+ % As(u)o)

where the phase shift is assumed small, as is required. by ﬁhe small total
cross section. At 100 Mev the total cross section obtained From Eq. (27) is

o Y 2.2

o = 3heg, (1 +~l+'68,\)- mb.
Here the cutoff ene?gy.ih zﬁS(LA%Q'rhas been chbseﬁ to be _MN ,vthe nucleon
mass. The value qf %A?' obtained by equating the abbve‘éxpreSSion for o
‘to the bbsérvéd-Qalﬁe of ‘~15 mb'ié'strohgly affected by the resonance-
dambipg function. _Sihceﬁthié'fﬁnction will be modified by the contributions
of recoil and‘relativistié effeéts; the particular numgricél resuitrdbtained
from ﬁhe_present theory woﬁld be of.little signifiéance. But the appreciable
damping of the'séattefing7amplitudes-in"Chew theéry,'as‘compéréd with
perturbation theory,:is.a result that will probabiy persist,when*ﬁhe recoil
and relativistic effécts are inciuded,‘_ ‘ |

Tt will bevmentiohedfin cidéihg that mbsf'of the equations given

@p £his paper are not dependent upon the validity of the Chew-type approximations.
Except for Egs. (6).and (16), which give explicit‘predictiqnslqu the phase
sﬁifts, and,the expressions fhat appear in ‘this discussioﬁ éection, the
equations érerof general validity ﬁithin'thé limitations placed upon the number

of contributing phase shifts.
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APPENDIX:  INCLUSION OF COULOMB EFFECTS
The Kt -P cross sectiohs=f0rmu1asrgiven‘in the text refer only to
the nuclear part of the cross section. 'Thie nuclear part of the ¢ross

"~ section is defined by
(do/ans) = (dc-/dn)T?»-.(dc—/dn-)C - (- /an)_

where the subscripﬁs T, C, énd I designate the total,nCoulomb,tand
interference parts réSpectively._'The thal’cféss sectionh is the measured

quantity and

i

| | - o o ‘:‘,_. o o v .
(de /d.n.)C = } £5 '2 '_ __:LZ__. exp [-i,‘fn b (1 - cos e):] { s

-(i - cos 8)

where ' n = cy/75 = (137 /3)'1g . /3 is the laboratory velocity of-the
incident K+' pafticle divided byrphe velocity of-light, The interference
-term'should be calculated by cdmputing,the combined effect of the Coulomb
and nucléar'fdrqes;: However, a first,appfokimation.isvgiven by '

(do /d )I 2 3e fy - fC E
where fN is the.directv(no—spin—flip) scattering amplitude for pure

nuclear spattering, For the direct absorption mechanism discussed first _

we have

fy = A(a t (2 a; + al‘) cos ©) ,
and for the ﬁ’4mesoh coupling mechanism discussed second the J = %,
contribution is

d

M = A tb, c0se)
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The J = 3/2 term is

d N s 2 ]
£, = ;{.[2 b_g cos 8 + B (3 cos” & - 1)

An average over the two states of nucleon spin has been made in these
expressions. For the direct-absorption mechanism an additional correction

is obtained by making the replacements;
a; — é.l exp(2 i arctan n) 5
a3 —;—5a3 exp(2 i arctan n)

. . _
in the equations for fN and in the expression for (dc‘/dJ\—)N of the
text. The correspondingisubstitution in the 77/~Coupling case is; for
b = b
by —>b; exp [i arctan n] s
b+l _—"b+l exp [21 arctan'n ] ,
and, for J = 3/2, _ , .
b_3 —--—}b_3 exp [ 4; arctan n] N
b3 .—_.be exp [ 2i arctan n + i arctan ‘n/2] ,
b+3 _...;b*B. exp [: 2i arctan n ¢+ 2i arctan n/2 :]

The approximation for (dc"/dnﬂ-)i described above becomes exact if
"the Coulomb interaction can be considered to be confined outside of the region
about the origin within which the nuclear’ éffects are important and if the

WKB approximation is valid in the outer (Coulomb) regionclo



