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ABSTRACT

1. Mixing of neutral mesons. Description in the Standard Model. Relevant weak

parameters
2. Mixing in BB states, limits to t-quark mass

3. CPviolation in K-decays. CP violation in B-decays
4. Experimental status of mixing and CP violation effects in heavy quarks

5. Future possibilities
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Behavior of Neutral Particles under Wh‘aﬁu
e R g
M. Gazz-Mam,® Depariment of Phywics, Cdugsbias Uniserrity, Now Yord, Now Verk

AND

A. Pans, Instiduie for Advenced Siudy, Priaceion, New Jarsey
(Rectived November 1, 1954)
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According to certain schemnuss preposed for the interpretsiion of hyperens sad X partisies, the @ pusssssss sa
aatiparticie #* distinct from itaelf. Some theoretical implications of this situation are discusssl with gpecial
reference to charge conjugation invariance. The application of sech iavariance in famiine instancs is
surveyed in Sec. . It is then shown in Scc. II that, within the framewnrk of the testative schemes wader
considerstion, the # must be considered as 3 “‘particle mizture’” exhiliting two distinct lifctimen, that sach
lifetime is associated with s different sst of decay modes, and that no more thas hall of all @y wadesge the
familiar decay into two pinns. Some sgperimental consequences of this picture are mentionad.

1

T is generally accepted that the microscopic laws of

pbysics are invariant to the operation of charge
cmjugation (CC); we shall take the rigorows validity
of this postulate for granted. Under CC, every particle
s actied into what we shall call its “‘satiparticle”.
The principle of invariance under CC implies, among
other things, that a particle and its uuipanide must
have exactly the same mass and intrinsic spm and must
have equal u\doppoul.e electric and magnetic moments.

SA charged particle is thus carried into one of opposite
d!u;e For example, the electron and positron are
ach other’s antiparticies; the s* and o~ and the »*
*3 ¢~ mesons are supposed to be pairs of antiparticles;
ad the protonYmust possess an antiparticle, the
“antiproton’’.

Neutral particles fall into two classes, sccording to
their behavior under CC:

(2) Particles that transform into themselves, and
'hx:h are thus their own antiparticies. For instance

the photon and the * meson are bossms that behave
@ this fashion. It is conceivable that fermions, too,
my belong to this class. An example i provided by
Majorana theory of the neutrino.

In a field theuy,psnidudch-(a)mwld
by “real” fields, i.c., Hermitian fiedd operators. There
®an important dmmm 10 be made within this class,
&xording to whether the fiedd takes on a phes or 2 minus
0 under CC. The operstion of CC is performed by s
“aitary operator €. The photon field apsrator 4,(x)
“tisfies the relation

u.(:)e_'- - A-(‘)v
vhile for the +* field operator ¢(x) we have
Ce(s)C mg(x). (2)

Equation (1) expresses the obvious fact that the
romagnetic field changes sign when-pasitive and
r“{tive charges are interchanged; that the o field

(1)

mast not change sign can be inferred {ram the eheerved
two-photon decay of the #*.

We are effectively dealing here with the “‘charge con-
jugation quastuns number’’ C, which is the eigenvalue of
the operator €, and which is rignrously conserved in the
absence of external ficids. If anly an wdd (even) number
of photons is peesent, we have (= —1(+1); i endy
¥s are present, C= 4+1; etc. As a trivial example of
the conservation of L'.r may mention that the decay
of the #* into aa add ramber of phetons is forbidden.!

We may reaall that a state of a neutral system
composed of chargefl partices may be one with a
dofinite value of C. For emmple, the 'S¢ state of
positronium has C=+1; a state of 2 v* and & #~
meson with relative orhital angular momentum ! has
C= (—1); ete.

For fermions, as for busons, a distinction mey b
made between “odd” and “even’’ behavior of nestesd
felds of class (8) under CC. However, the distincime
is then necessarily a relative rather than an abmeuste

'lno&h.wuds,:tmshmmto«avthua
single such fermion ficld s “wdd™ or “even”, but i
does make semse to say that twu sech fermion fiekds
have the same behavior under CC or that they tave
opposite hehavier.

(b) Neutsl particles that behave like charged «nes
ia that: (1) Whey have anigmrtiies distinct irom
themssives ; (2) there exists & rigerwus conacr: ation aw
that pl’ol\bﬂs virtual iransitinns hetween pariicle ind
antiparticle siatss.

A well-known member of this class is the neutenr. \.
which can obviously be distinguished from the amii-
neutmﬁhylheapdummml The
law that fochids the virteal procemes V=2 is the law

charge conjumion

' For qther of invesiance under
soe A. Pais and R. Jom, Phys. Rew. 87, 871 (1952); L. Wedler.s:en
Rev. 88, 279 (1952); L. Mixdel.

sad D. G. Ravenhall, Pbys. Rev
Nuovo cimento 18, 319 {1953).

* This is due to the fact that fermion fiekls can interact ~alv
hbn-.ﬂy For enrnph one naly wes lh\ thc /interac” say

B
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