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To a given order 7 is considerably simpler than 7.
There are no singular integrals appearing in the ex-
pression for 7; the singularities in 7'® being canceled
by D®T®O4-TADO etc.

P-wave T'=1:
Tn=—(1/16x%) (q/w)[S (\/4m)* 42!
+ (5/4m) (N/4m)*(TA5'—4B3Y) ],
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L0

BAKER AND F.

ZACHARIASEN
1 2#2 3
w[{(2)]
-1 ¢(1—aj
2(1—a)\? 2
Xsinh‘ll(g————) ]—2—60] ,
2u?

2 p® q
By (w)= . f do' =45 (o)
v w

20" ¢
)
@ e
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order in \.
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A unitary transformation, which plays the same role as the Foldy transformation in the pion-nucleon
system, is constructed for the case where the pion interacts with both = and A hyperons through 5 couplings.
The transformation function and the transformed Hamiltonian are very similar to those of the Foldy
transformation, in spite of the complexity of our system in isotopic spin space. The application to practical
problems is not considered in this paper.
E consider a system where the pion interacts with ~ space. Then, we assume?
both = and A hyperons through charge inde- S=S14S,
pendent v5 couplings. The interaction Hamiltonian is ’
=—1 * .
HimHyzot Hone 0 sim—ifax wtnxt @/l

with

Hszp= ifzfdx Us*paX Uz @,

HZAn-=fAde WYa*polz: o+ Us*pala- 0).

Here the bold faced letters represent vectors in isotopic
spin space.
We wish to find a unitary transformation,

H'=¢is (Hfree"}—HI)e—iS) (2)

which eliminates the p; components completely from the
sum Hr+Hy m., where Hy represents the interaction and
Hy.mm. the hyperon-mass terms in the free Hamiltonian
H tree. According to Foldy! such a transformation corre-
sponds to a certain rotation around the p; axis in p

* Supported by a grant from the National Science Foundation.

t On leave of absence from Hokkaido University, Sapporo,
Japan.

1L. L. Foldy, Phys. Rev. 84, 168 (1951). J. M. Berger, L. L.
Foldy, and R. K. Osborn, Phys. Rev. 87, 1061 (1952).

Si= [ax i eowalu(@)/6T+ILc,
with ¢=(¢- @)%. Here x and w are odd functions of ¢

only and correspond to the angle of rotation in p space.
Using formulas (A-6) in the Appendix, we see that

eiSI:Hh.m.+HI]e—is

= —ifdx Ys¥pe X Yz (ms sin2x — fz¢ cos2x)

+ l fdx Us™*- ppadp~!

X[& (mz+my) sin2w— fad cos2w Wa+H.c.

~+terms proportional to ps.

21In (3) we may add one more independent term;

Ss= f (%01 0) (@ Uz)x'dx,

where x’ is an even function of ¢. Since this term gives no change
in the final results, we omit it for the simplicity.
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Hence we get

x=—} tan\(fop/ms), w=}

with m=2%(mz+ma).

The transformation of the total Hamiltonian (2) is
now easily carried out with the help of several formulas
in the Appendix. The transformed Hamiltonian is

tan~'(fag/m), (4)

8
H’=Hfree+ Z Hi;

=1

(5)

with
H1=fdx Us*pslis(ms*—ms)

+ [[axintpatsLms*—ma)—am]
+ f dx ¢$~2z%ps- @ bz(ma*—mz*+Am),

Hz——fd [—————11;2*)(1@2 (ev otpi1m)— HC]

(ms*)?
Ia m
Hy=—— | dx l Ws* (oW o+ p1m)a } +H.c,
4 (ma*)? +

= de{Az(¢2) Us*X gz 0
X[eX (o o+pim)]—H.c.},
Hom [ ax(a(@), 45"
X[eX (“V?+P17‘)]‘[’A}++H c.,
Hﬁ:% de[B () Us*X Uz X (@V o+m)—H.c.], (6)

1
H7=5 fdx{C(¢2)’ ¥ X (aV o+ =0} +He,

Hs—fdxz ll[z*Plel{z-f)s

2(mg*)?
fam
" 2(ma*y
—id 3 () Us*o1X Pz X (X 5%)
+[Ar()Us*- X (9X3)p¥a+H.c.]
—iB(¢)h2*X 4z 5" X +C(¢?)
X (Uz*- oX8Ys+H.c) |,

(Uz*p1-8%a+H.c.)

where
=ms[1+ (fsp/mz)? ],
=m[ 1+ (fagp/m)* ]},

Am=1(mz—m,)
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and
dx

As(p?)=¢* (cosw siny —¢— ___f_z___
de/  2(ms*)¢?

() / (432

fa
2(ma*)y¢?

<l (m72) / (o) 1

B(¢*)=¢*(1—cosw cosx)
=¢2{1—3[ (1+mz/mz*) (1+m/my*) ]},
C(¢?) =¢2 sinw siny
= (2% [ (1 —mz/mx*) (1—m/ms*) 2.

In (6) we understand the expression like {z*X {z(0V ¢
+p1‘n) is the abbreviation of lkz*Xo’ilI{z' Vie+ 1[{2*
Xp1z-=. In Hg, the 3*’s are the one-row matrices given
in (A-1). In the weak coupling limit, m*, 4, B, and C
are reduced to

dw
Ar(p?)=¢78 ( cosy Sinw—¢— ) =
d¢

mz* — mz+ (f20)2/ 2ms, mpa* — m~+ (fag)?/2m,
sl G -()

=BG -Gl
P [( ) (fA)], fzfA.

4msm

We now discuss briefly the various interaction terms
in (5). In the static limit H represents the coupling of
the S-wave pions with hyperons. The first two terms of
H, are the so-called spin-independent S-wave pair terms
in the weak coupling limit, while the last term depends
on the total isotopic spin of the system and has no
counter terms in the pion-nucleon system. This term
vanishes if the interaction has global symmetry in Gell-
Mann’s sense. Hy and Hjz and the well known oV
couplings of a P-wave pion. H4 and H represent rather
complicated pv couplings. Hs and Hy are the terms
corresponding to the =+ ¢X= term in the pion-nucleon
interaction. The last term in (5) is the so-called direct
interaction term.
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APPENDIX

Here, we will briefly discuss the transformation
properties of the field operators. First we introduce three
matrices 8%, 7', and D*¢ in isotopic spin space through

U™ oYn =y *0iYnes, XUz o= *Ti Y3505,
(Uz*- o) (@ ¥2) =V¥2*Dij* Ysijoeor.  (A-1)
Further, we define the three operators
e=3'0,/¢, R=T°¢:/d, Z=D0,0:/¢". (A-2)

These operators satisfy several simple relations, which
very much facilitate the ensuing calculation. The rela-
tions are

R*=1-Z, R?*=R, RZ=ZR=0
Z=ee* e*e=1, Re=e*R=0, R*=R, Z*=Z, (A-3)
and
Ve*.e=e*. Ve=0, VR=Z-VR+VR-Z,

Z-VZ—VZ-Z=e¢ Ve*—Ve-e*=R-VR—VR-R. (A-4)
Here the symbol * means the Hermitian conjugate of
the relevant operator.

Now let us consider the transformation properties of

the field quantities. The operator S is now written
simply as

S—'—- de lkz*pLRIb;X‘*‘[de l&z*plelﬁAw—i-H.C.].

According to Foldy,! we put

Un(§) =5 ae, Ya(8)= e,
Then, these quantities satisfy the following coupled
differential equations;

Az (8)/dé= —ip Rx U= (§) —ipiweda(£),

B (8)/de=—iprweys (D). (A-5)
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The solution is easily found to be
P3(§) = cos(Zw§) e ir1x Btz —ip e sin(Zwé)ya,

A-6
YA (£) =cos(wé)Yr—ipi1e* sin(Zwk)e i xRy, (4-6)
Hence we obtain on setting £{=1;
eSse~S={[Z cosw+ (1—Z) cosx ]
—ip1R siny } yz—ipie sinwyn, (A-7)

€SP e~ = cosws — ipre* sinwis.

The transform of ; is also obtainable by similar method.
As before we put m;(¢)=exp(iS)m; exp(—1S), which
satisfies the equation

mi(£)

i[5, m(E)]——[ Jax et @ras

+ far ms)wm(s)]. (A-9)

The solution is
wi(@ =t [ax D Orate(©)-Ha* Oraa (9]
- f dx[z*rstHda*ranl.  (A9)

Finally we get, after some calculations,

ST i S
dR
»m-l-fdx Uz [ (—R R——)(l-cosw cosy)
do;
dR dx
—p1(_ COSw smx+R———)]¢z
d do;
dw de
{ f axiz* [ p1(e—+—~ sinw cosx)
do;
de
—iRd—— sinw sinx]pr—I-H.c. } (A-10)
Pi



