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1. Introduetion

The suggestion of Lee and Yang @ that the neutrino is to be described by a two-component
theory indicates that the electrons emitted in decdy and the muons emitted in 7m—p decay
will be longitudinally polarized. As pointed out by Case @3, it is very interest to see to
what extent it is possible to give a rigorous description of the behaviour of such particles
in an external electromagnetic field. The results obtained up to the present day would
certainly be expected @9 on a nonrelativistic model for spinning particle. Recently, Case @2
and Tolhoek-Groot ©3 have shown independently that the same conclusions can be carried
over to relativistic energies for Dirac particles.

In this paper we treat generally with Dirac particles taking into account an anomalous
magnetic moment. Here, we introduce phenomenologically terms pgA/J;-ﬁ in the Hamiltonian

where Ap represents an anomaldus magnetic moment.

2. Calculation

The treatment is simplest in the Heisenberg representation. We use the Heisenberg
equation of motion for an arbitrary operator ©.

dQ/dt=C00Q/aD+C/ o5, O] ey

and we take the Hamiltonian in the form

30 = o0+ psmc® +e@+psapioe H. @
RS >
Here, the last term p;Apo«H is the interaction between an external magnetic field H and

the anomalous magnetic moment Ay, o,’s are (4 x4) Pauli’s spin matrices

0100 0—i 0 0 10 00

it ooo (i oool . [o—1 0 o0} _

"1—(0 0 0 1)"’2—(0 0 o—i)"’a‘o 01 o}’ €Y
0010 00 i 0 0 0 0—1

p:’s are following (4 x4) matrices

001 0 0 0—i 0 1000

fooo01} _foo o= ,_[0o10 ol

r1=\1 000)’ Pz'iooo)’n"a‘oo—l 0)’ “
0100 0700 0 0 0-1
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and +n=27—(e/c);1 and_)A, ¢ are vector and scalar potentials for the external field.

In the following calculation, we make use of the commutation relations for o;’s and p,’s

010, +0,6,=204,; (k,1=1,2,3),
PeP1+P1Pr=204, (k,1=1,2,3),
GrP1—P165=0 (k,1=1,2, 3); ©))

00, =10y, [o,,0,1=2i0,;

PrPL=1Pm, L[Pw,0:1=2ip,
[(k, I, m) is a cyclic permutation of (1, 2, 3)].

(I) Longitudinal spin : @=;-;r.
If in Eq. (1) we put ®=¢;-;, we have

S

04
ot

d > > > > . > > > > >
i (oen)= Z?t (om)+(/ DL, oon]=— i o —eo VY

+p3Ap[——zd-(VxH)-— w-(HxA AxH)]

= ea-E-iAppaa- [(V ¥ H (6)
(II) Momentum : G=;.
Let G—;z in Eq. (1). We obtain
d 9 > ger >
I n— o n+(z/h)[:}c n] eE+cp,{——a><H~ P [a-A A:I}
- ;ic[SD,A] PaA#{ s H, A]} D
(IID) Spin : Q=a.
When we take =;, it leads to
> -+ > > > >
—dClFa:%a—l—(i/ﬁ)[Je, a]=——2,;f—pIJXn—2,AT#‘03;xH. ®)
In deriving these equations we make use of the relations
s__ 1 04
E= 79,
H=vxA4,
3-1‘31:0; €©))

and the useful formulas summarized in appendix.

3. Discussions

In Eq’s (6), (7), and (8) the electromagnetic potential Au=(21, @) is the external field
i.e. c-number quantity. Therefore commutators between each other of these vanish and
then Eq.’s (6), (7), and (8) are lead to the following :

%g-;r:e;-é—ﬂypa;-(;xﬁ), L))
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73%7?: eE+ep1;Xﬁ—A/1P3€(;}}): av
and
YRR S a

In these equations last terms depending on A represent the effect of the anomalous magnetic
moment to be contrasted the results given by Case and others.

(CA) First let us consider a pure magnetic field. Then,

d ~> -~ . > > 2
— o= —iAppso+ (VX H),

dt
d > > > > > ﬁ
_d}'ﬂ=epld><H_A/1PaV(0" D)
and
%;=~%p,gxg-2%#p3gxﬁ. as

From Eq. (13) :1-;, 7 and & are 1o longer constants of motion. Then, for example, it is
possible to change a state of longitudinal polarization to one of transverse polarization using
purely magnetic fields and a longitudinally polarized beam will be depolarized on passing
through purely magnetic fields.

(B) Second we consider a pure electric field. In this case we have
d > > > >
ar gen=e¢oE,

W;[=€E,
and
d > > o>
Y K WOALE D

From Eq. (14) ;-;r, 7 and & are not constants of motion. Then particles passing through
a purely electric field are depolarized.

These conclusions can be applied, of course, so long as the Hamiltonian is given by Eq.
(2). Finally we expect that for the baryons the effect of anomalous magnetic moment will
be very important. From the degree of the depolarization of particles passing through a

external field, we can estimate the order of the magnitude of their anomalous magnetic
moment.

In conclusion, the authors wish to express their sincere gratitude to Prof. T. Tati for his

encouragement, and wish to thank Dr. S. Hori for his suggestion and valuable discussion.

Appendix
In this appendix, we summarize the useful formulas of which we make use :
(G- B0 =(B-O) +ia-(BxC), (AD
a(0-B)C=(B-C)—ia-(Bx ), (A2)
B(5-Cho=(B-C)—is-(Bx ), (A3)
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o+(ox B)=2icB, | AD
CoxByvm—2inB, (A5)
o (6-B)=B—iocxB, (A6)
(6+B)o=B+riox B, (AT

> > :
where B and C are arbitrary operators which don’t commute each other but commute with

spin matrices o;’s.
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