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ASYMMETRY OF STRANGE PARTICLE DHECAYS, 1R L-3 7

on the Assumption of Censervation of Parity
Charles J. Goebel
July 17, 1956

If a system of twe particles is in an eigeﬁstate of parity, its
internal wave function satisfies 'ff(éi) = f}"(ﬁ) "and therefore
pn"(::z) } 2. aged [23 i.,e., the angular distribution of the state is
inversion-symmetric. Thus lack of inversion symmetry, ("asymmetry" for
ghort) can result only from a state that is not a parity eigenstatc. Swuch
a state is nbt in general an elgenstate of energy, because in generzl senergy

is nondegenerate with respect-to varity. Thus the state is a superposition

of energy eigenstates, i.e., "f’: L g'h vhere 7’0’8 are elgengtates
of both parity and energy. The phase between the two states rotates with a
frequency E, - Eeeﬁ - 1), thus the asymmetry averages to zero over a time

-1
long ecompared to (Eo - Ee) ; a condition then on the observabiliiy of an

asymmetry is that the energy difference between the parity eigenstates be
small compared with the {time of o‘o-z.esr\ran‘,:lcm)w1 (i.e., for a decay, the
decay width,) |

Lee and Yang have suggested, as a solution to the -~ - 6 difficulty,
that "the K meson" (and therefofe all particles with strangeness X 1) is
really a parity doublet, i.e., 1t consists of two states with opposite
parity, which are degenerate with respect to the strong and electromagnetic
interactiéns, They are, hawever, split by the weak decay interaction: the
two parity-states decay into different states of ordinary particles, and
these different stakes, when serving as virtual intermediate states, preduce
different selrl-energy shifis. One expects, then, that the energy difference
betwesn the parity states 1s of the same order as their 1ifetime; thus it is
possiblé that asymmeticic decey from strange particles would be observable.
(Belcoos 17 see G o wl v e effect o1 “he asymaztry of the ratio of

~ - v t

er.es s T CoocL 1 c aree coasr ethes Tactors necessary
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for observable asymmetry, let us look in detall at a particular proecess:
Kep —>T* 8!
 Choose the axis of quantization, the "z-axis," to be along the line

of flight of the S _ , then we have m, = O (for if m,g: 0, the D. could.
m-# 0
Anfot be going along the z=a.xis. ( A7) _tl} « Therefore

my =m, = +4, if for sinmlicity we take Sp = 4. Write, when my = i, the
- 3 b 3 2 2
Z state function as \‘/Z' = '0"’; +h’?'y;?e € ol + htze_ll = 1),

i.e., ho(e) 18 the amplitude for a 'z_"o(e) to be going along the z axis.

To conserve parity, the So decays to y;rN in an S 3ta£e, with wave
function & ( 1
) 0]

} where So is proportional to the matrix element for
decay (this is discussed in more detail below); the < :e decays to 7N in

a P state, with wave function
cos ©
ge o
ig :

sin 0 e

3

Thus the state decays into
| z

3 1 cos : Wy+ W, cos O
XN = i‘° S" +' }‘ g 1¢ =

0 sin 6 e wesin 9e

where (Ws hs . The angular distribution therefore is

S

whi_.ch exhibits the asymmetry. The question now is,; will this ‘a.synnnet.ry

2

Ewoi 2+‘Qe! 2—!—- gRe(u.é*we)t.:os e,

persist whem we average over 1n1tia1 spin m”j = it To answer t.his, we
must find ’y’ é, if y.-#é is given. Lee and Yang constructed 7& by a

reflection, say Y ~-» =Y This reverses J, (e.g.,

L, = x‘PI — x(=Py ) - (-0)Py = =»Lz )

and thus turns my = 3 into. my =z -4, but leaves © and therefore the

angular distribution / '}!’/2 unchanged.



e,

“".j"' ~'_§;“_; I"f’

However, we have made an implicit assumoilon, that the amplitudeu
}{ 0,6 did not change under the reflection, i.e., that they tfansform like
scalars; a pseudosealar would change sign under the reflection {which is
inversion times a propsr rotatien). As an example of the latter situatien,
consider the following model for the production of the }_j t  The K-capture
reaction goes through a single orbital channel, so that Bo eomes only from

the capture of a K,, and & 2 :‘e comes from a K, (or vice versa), Now,

under refleetion, the wave functions of the initial states change sign relative

~ to each other, sinece they are of opposite parity; thus the wave functions

of the y;: states must change sign relative to one another, j.e., the
0,0

coefficients h . Thus in this case the asymmetry reverses under the

0,€e
reflection, so that averaging over initial svin destroys the asymmetry. In
general, interference between states of different parity does not yield an
asymmetric }: - aecayo |

Thus we consider the Zo e to come from the sams state (or at

8

least from states of the same parity); this of course requires that the Zo .
and 2: o Come out. in different orbital states; te conserve parity.

Note: this implies that the scheme of coupling the K mesons to

other particles is not the most economical possible., The

latter would be the coupling Qf K to baryon in a single orbital

state; i.e., (taking as above Sy = i, 'EK = 0)

N —327K , | N~ K,
( or in an S state or ( or in a P state,
- o
N wﬁexe) N«%@BKQ

but not. both. As we see, an asymmetry in the 7 decay would
imply the existence of both couplings {and therefore of a K OK e‘ﬁ”
coupling, as recommerded by Schwinger.,) |

For exemple, if the reactien K'P —» 77°LY poes through a j- state where
- v

§ 3 .8 evenr tns i) Eas be in an odd {even) ortital state, i.e.,
N

‘
‘4 S
W

i

J JgooTN A2 r_ v gy, ceas dena ) varfiy te e vy deriving
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+3
from /}V y not by reflectien, but by applicatien of the standard luwering

operator J, -~ iJ_. The essential peint is that the coefficienis )/(‘

are
Y ofe)
proporticnal to the Clebsch-Gordan coefficients C Je i ( ,} 2 e ?) ;

2, 3 L PRGN

under the lewering operation, the h become VC 0.0 proportional to
2 .

0;e
[ @t} )
C'- ( "‘O""." ‘_.-.;(..., . a‘(:-..l "'ro“')
J(ﬂ%.,“{ S ") ) = ?.(J w) A
so that the relative sign of the hgo e» is oprosite to the relative sign
»

of the ho e Since under the lowering operation we have
9

’}Ir 3 Ro + Necos & ,)p -3 n o 8in 8 e'"iﬁ
= . 1¢ ...i; #N =1 ’

N =
t ]
h sin Be : h 0" h o080 ®

the asymmetry is the same for both initial svin states.
As we said above, %\o o is proportional to the matrix elemenmt for
. T
decay; in the somewhat symbolie way we have been writing things, we have

t
Lo Al s
go = e ° ko e (similarly for e), so that

- ' 2
//\ﬁﬂ’z s Ao e )\ot is the fiux of decay st.ates:/”yﬁl dt = 1,

The matrix element for decay is real, except for the phase shift due teo
fihal-state interaction between the 7~ and N, just as in photo-
production (see Takeda, Phys. Rev. 101, 1547 (1‘?56)}; we here ignore the
phases fo,, e considering them to be lumped in with the "no,e’ which are
unknown anyway. The time dependence of the So»e would be irrelevant if
the lifetimes and masses of the :z o and Ze were equal, The
qualitativé affect of their inequality is clear: i'f one decays ouickly and
the other slowly, there won't be much interference between the two; 3if the

mass difference is large compared with the decay width, the nhase between

2. > ~
the s - and o states avarages to zero, as discussed above,
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If the angular distribution is written as A-f 2B cos 0, the
asymmetry, defined by

6{ « fno, fore) ~ (no. aft) , esuals _B_.

no, fore no. aft A
We have
2 2 2 =Agt 2 -2t
M) = fwo| 4 )wg) " = | A T4 |He] A 7T
16t L =At
B(t) = Relw” w) = Re( Mo )YAX, e
where
A: E, -Eq 2 mﬁcmmzgve
'X - Aot Qe
Writing

# = arg he - arg V\o, we have

Be) = [Rg No| costd+ae) Y2 2,
These are fluxes; integrating over time gives us

ol "+ (1] =
,nohl V Ne " (X cos § -Asing) } d_ o

324 A
Here a is a maximum when r(o,_,y\e, ;\oz}e, and A = 0: C(:S, i;

this is consistent with the intuitive discussion above, and with the fact

A

o
L1

that the asymmetry results from the interference between the reaction going

through the two channels,

The X- decays into TR ; if we take the angle between the

lines of flight of the J¥ and the 2 to define the asymmetry, the

’ question Brises what choice of the angle for )‘("‘n and 7T0p
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will yield the same asymmetry? This question amounts to asking for the
relative slgns of the decay matrix elements; in terms of i-svin eigenstates

we have

}g“‘“‘*gz q”f""
Y;, \FS gﬁf +PS v

If the spin of the Z is not %, the analysis is the same as above,

except that in addition to the average over m <+ ]mj{ (which, as
above, is trivial: / ’Y' / ’f J/ ) we must average over

lmjl = 3, .eop J. For example, if 85 = 3/2, then we have

ZO(G)“—; (r N)E state

(P state).
For : 1¢ i
3/2 3 sin Q@ cos & e -sin 6 e
ol =3 Y e S
sin e
. 3/2 2 7
/'){’ : / 2 = 3 sin2 ) /(.%3/?4-/(4)3! 2 - 2 Re( ués Uié Jeos 8
: 2 , . _
For : c032 6 =-1 cos ©
3 ; 3 ;
n z é 2 - = ‘,};a Q@) 9
l J! Vf s W, i@ -+ V:%:j (3 ig
’ 8in 8 cos 8 e | -8ind e
2

!,\{’%‘2 = _,%, ( Iﬂé!z+= {V_g:of)el 2)(cosze+%m)

-+ 2 Re( 0530% \[__5;(43 e)"’ __% ) 0032 8)cos ;} .
. I

B
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