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TESTING THE cpT IN THE K-OPTICS!

GEORGE MARX*, Budapest

The available experiments have indicated that neutral K decays violate
the CP and T symmetries, but conserve the CPT symmetry, which is strictly
related to local causality. The accuracy of this indication is discussed.

I. SYMMETRIES AND ASYMMETRIES IN K° — K° SYSTEM

The well-known CPT theorem states that in a relativistic field theory,
subject to the principle of causality, the CPT must be a strict symmetry
{1, 2]. As usual, C stands for charge conjugation, P for space reflection, 7' for
time reversal and CPT is the product of the three transformations. The CPT
symmetry is supported by the observed equality of the masses and lifetimes
of particles and antiparticles, but in the light of the observed faint CP asym-
metry it has become necessary to check both T' and CPT to the same accuracy.

In the physics the most sensitive experimental method has been offered
by the interference phenomena. A superposition of different CPT' eigenstates
is, however, in general forbidden: the states|)> and CPT}) are either completely
neutral and consequently identical, or they carry opposite electric, baryonic
or leptonic charges and consequently a superselection destroys their coherence.
The only lucky exception has been given by the K°— K° system. The states
[K°y and |K°) = COPT|K°> are orthogonal; they differ in the value of the
hypercharge Y. The hypercharge obeys an approximate conservation law,
consequently K° and K° are not separated by a superselective barrier. The
coherence of the K° and K° states enables us to test the O, CP, CPT symmetries
up to an amazing accuracy, which reminds us of the exceptional advantages
of the optics of coherent light beams in understanding the wave nature
of light. Let us summarize briefly the formulas on which such investigations
rest [2].

1 Talk given at the Triangle Meeting on Weak Internactions at Smolenice, June 4 —6,
1973.

* Pepartment of Atomic Physics, Roland Eotvés University, BUDAPEST VIII,
Puskin u. 5—7, Hungary.
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State vectors describing the unstable neutral K mesons have the following
structure:

K ()> = ai(t)|K°> + a_(t) K + orthogonal decay products. (1)

Here |K°) and |K°) are simultaneous eigenvectors of the strong Hamiltonian
Hy and of the hypercharge ¥:

[Ho, Y] = 0, [Ho, CP]=0, {Y,0P}=0 2
HolK®) = mo|K%,  HolK0) = my| K0y @)
YK = +[K%,  Y|K® = —|Koy (4)
If we turn on the weak perturbation H with the properties
Hi = Ho+H  [H, Y] 0, (8)

K° and K¢ will not be steady state solutions any longer. The time dependence
o.m IK(t)> in eq. (1) is given by the Weisskopf-Wigner theory (see e.g.
[3, 4]):

0 las a,

i— =H 6y

ot la— a-

where # is the effective Hamiltonian in the subspace of neutral K mesons.
This non-Hermitian two-by-two matrix is Parametrized as follows:
Ms+"Mp, Ms— My [sin 25 €2 cos 26

H = e — . (7)
2 2 e 2 cos 20 —sin 24

Mg, My, ¢ and § are complex numbers. The components of J# are given by
the perturbation theory, e.g.

P
———— — ind(mo — E,)|<r|H|KO)+...

o — @w

HlHHH

I

mo 4 CKOH|KOY 4 5 (KO\H}r>

- P
His = (KOH|KY) 4 S (KO|H}r g — imdlmo — By)| rlH|KOY 4 ..
r 0 — Liy

The eigensolutions of (6) are:

KoSeiMst _ Ns . ; - . o | -iMst
|[Ks>e = ﬂ\m e® (cos d -+ sin §)| K% +-e~t(cos § — sin 8)| K0 je tMst (8)
) N
[Krye @i =~ ee(cos & — sin 8)|K95 —o-¢(cos & - sin 8)| K0 oML,

V2
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Ks may be identified with the observed short-lived neutral X mesons, K,
with the observed long-lived neutral K meson. The real and imaginary parts.
of the eigenvalues Ms and M, give the experimental mass and lifetime of the
corresponding particles:
i i
Eh”»ﬁ%llclu Eh”w:hllll. va
27 27y,
It will be shown that the two other complex numbers, ¢ and d, describe the
CP, T and OPT asymmetries of the neutral K subspace.
If Nature were described exactly by the Hamiltonian H, (possessing the
properties (2)), e~ic¥ HoeleY would evidently be identical with Hp. If we turn
on the small perturbation H with the property (5), this will no longer be true:

Hpyew(c) = e Y Hyppeic¥ = Hy - H(c), H(c) = e~ic¥ Hgeicy (10):

It is still true, however, that the matrix elements of H (c) are identical with
those of H up to some phase factor if they are taken between two eigenstates
of ¥:

<yilH@)ly2> = ey | Hlya .

The hypercharge ¥ is almost always accompanied by electric or baryonic
charges. The latter generate superselection, and consequently the physical
states are in most cases eigenstates. This means that for such states H;os
and Hpyew(c) are physically equivalent. The only important exceptions
are the Ks and K, states, these being superpositions of the two ¥ eigenstates.
Ko and Ko: A .

(KO H(c)| K% = (K H|K®, (KOH(c) Ko = e~2ic( KO H| K0,

(EOH (@) K% = (KH|RY),  (KoH(c)|K0) = e*ic{ KO|H|KO .
Consequently replacing H,, by H(c) entails the replacement

g—>¢—ic (c = arbitrary real value).

By exploiting this freedom the imaginary part of e can always be modified:
arbitrarily, for instance with the appropriate ¢ value a replacement H, -
— Hyew (¢) can make Ime even zero.

The CP and CPT transformations produce K from K. The time reversal
T does not affect a K° or K? at rest, as both are spinless particles:

COP|K% = ¢ie| K08 CP|K® = eie| K05
OTP|K®y = eid| Koy CPT|K® = eib| K
T|K0) = ei—a)| K0} TIK® = eib—a)| K0
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Here CP is unitary, while OPT and 7' are antiunitary operators. From the
-conditions

(CP): = (CPTY — 1 (11)

one has @ = —a, & = b, Using the combinations
eleYOP and e-#CPT

as new CP and CPT operators, which also obey eqs. (2) and (11), one has
simply

CP|K® = CPT|K% = |K"), T\K% = |K©y, (12)
Now, by making use of egs. (8) and (12) it is easy to verify that

3)if [H, CP] = 0 then 55, =Hop, H 12 = Ho1,l0. 6 = — 0, (13)
.S\v ﬁ. mmv Q.NVQAH_ = O&F@B %ﬂ. = mwmu mw. % = O“
eig) if {H, T] = 0 then 5, = Ho1, 16, £ = 0.

Parameter ¢ is the measure of the CPT asymmetry, while 6 the measure of
the T' asymmetry in the neutral K subspace.
In an exactly CP, T' and CPT-symmetric world we would have

_ 1
K1) = ﬁ!\W:N& + (K9], OPIK) = 4Ky (14)

1
K2y = ﬁwﬂ:hov — [K%], CP|K3) = ~|Ky).
K, decays indicate a faint violation of the OP symmetry, so the parameters
€ and 6 cannot be large. In the whole discussion we shall restrict ourselves to
the terms of first order in the parameters, which describe the CP, 7' and CPT
asymmetries. For small values of ¢ and & the effective Hamiltonian may be
written as

N—N_w. |T N_&‘h \N_N..m —_ Ngh .
_ 5 4 5 (01 -+ 2ieoy - 2d03) (15}

H

and the eigenvectors are
sy = K1) + (e + 0)|K2), |Kp) = KD + (e — 9)|K1). (16)
II. EXPERIMENTAL FACTS

If the CP were an exact: symmetry, K; and K, would be observable particles.
By conserving the CP quantum number the K; meson would decay into mrm,
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the Kz meson into three particles. The fact that both Ks -z and K L —>an
decays have been observed means a breakdown of the CP symmetry. This
breakdown is characterized by the complex numbers

{ntn~|H+. . KL a0 HA+ .. | K

M= {ata-|H+...|Ks>’ 0= OO HA. . [Ks> (1)

The experimental decay rates and the phases of the interference terms in the
time dependence of K — an events enable us to compute the empirical values
of these asymmetry parameters. Let us quote the world averages, prior to
the recent Steinberger experiment?, just to give an impression about the
present accuracy:

74~ = (1.98 + 0.04) X 10-3, 700l = (2.09 4 0.10) x 10-3, (18)
arg n4- = 41.80 4 2.80, arg neo = 439 4- 190,

Similar parameters of the K -> nzz decays are:

(=W H+ .. [Kgd

(rn-ad\H+ .. Ky’

The observed time dependence of the neutral K — m+z—a0 and K — 70790
gives? -

| (antHAt K "
ot H Ky

N0 =

740 (0.14 4- 0.17) + i (—0.12 £ 0.30) . (20)
nooe = (0.04 - 0.45) +- i(0.45 + 0.60)

(If the dominating mnz final state is characterized with the isospin I =1,
‘one may expect

7000 = 4. (21)

Othervise 7,9 may come also from a isospin mixture but is necessarily related
to the CP violation.) For leptonic decays let

? The experimental data are world averages given in the Review of Particle Pro-
perties, Rev. Mod. Phys. April 1973 and the values presented at the 16t International
Conference on High Energy Physics, Batavia, September 1972. We have deliberately not
taken into account the new measurement of the Kj life time, presented at the Batavia
Conference by O.Skjeggestad et al. (Paper No. 267) and by C. Geweniger, J. Stein-
berger et al: 7; = (0.8958 £+ 0.0048) x 10-10. This value is significantly higher than
the combined results of the previous experiments and has a number of implications
for the other parameters discussed in the report. (E. g. {5.] = 2.3 X 10-3). This change
has been discussed in details by J. Steinberger at the Smolenice Conference.
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_ {mmerw|H+. . 1K B {atew[H+4...|Kgd

Nniey = - s Naremy = .
(et H+. . |KL> (mtev|H+ ... |KL)

(22)

The nonvanishing value of these parameters does not necessarily indicate
a CP breakdown, because the final states are not C'P eigenstates. These para-
meters can be expressed in terms of other parameters, which have more direct
physical meanings,

{metv|H+...|K® {mte—v|H+ ... K0

I , = —, (23)
{rtev|H+...|KO nte~y H+. .. |K0%

x

characterize the violation of the 4Y — AQradron selection rule. It is easy to
show that

142 14
~ety T ey = T, 24
Tres =1 _ g o =15 (24)
with
z' = xe-2¢(1 -+ §) 4- 8, &' = Te?e(l — §) — 4. (25)

The consequences of the symmetry assumptions are the following :
& = a* if [H, CPT] = 0
r=a%and Z=z* if [H,T]= 0.

A numerical analysis of the K -> wey experiments [3] makes use of an assumed
CPT symmetry:

1+ =2 .
Tamgty = ~I = -, for [H, CPT] = 0, (26)
—z

The observed value is [3]
T = (—3 4+ 27) X 10-3 4 i(—5 - 28) x 10-3, (27)

Evidently & = Imz is a measure of the CP and T breakdown in the 4Y =
= AQraaron violating leptonic decay.
The charge asymmetry of the K — n¥e*y decays is an easily observable
quantity: :
'Ky~ nmetv) — I'(Kp - mte-v)

o = =

Ky > metw) + I'(Kp > wtey) )
_ Kaetw|H+. . [ |Kp)> : {ntev|HA-. . KPR — 1
Ka—etw|H+ .. |KLy: {ntev|H+ . . AK2 17

172

which can be written in the simple form
1 + Rex

= 2Ree ——— -+ §, 28
“ omwluw@&:_nm (28)

where § = 0 in the case of the CPT symmetry. The experimental value is
{see the note?)

o« = (3.27 + 0.42) x 10-3, (29)

The empirical parameters 5., 799, « indicate a violation of the CP symmetry,
but the 7' and CPT asymmetric effects are mixed in them. Our main task
will be the separation of these effects.

HI. NUMERICAL ANALYSIS OF THE K ASYMMETRIES
In order to learn from these data as much as possible we shall first exploit
the unitarity. From eq. (6) one can deduce
Q. .
“a CK@OK() = K@K @), (30)

Here I' = i(s#° — 4#+) is the anti-hermitian part of 7, while according to the
rules of the perturbation theory it is given by the formula

CKIP\K) = 27 3 K| HA+. . . [158(mo — Ep){r|H+-. . JK.

Let us substitute the expression
K (t)) = u|Ksye™& K Ve 1Mut

into eq. (30). Since u and v are arbitrary constants,

1 1
CKsIDKLy = KK\ Ky | — +— + 2idm

TS TL
or, because s = (0.862 4 0.006) X 10-195 < 7, = (5.181 + 0.042) x 10-8s,

we have
. 1
(KslIKLy = wl: (Ks|Kr)(1 + itanz) (31)
s

where according to the experimental data (see the note?)

z = tan~1(2rsdm) = 42.96° 4 0.230. (32)
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Only the final states with branching ratios above 19, will be taken into
account:

1
CESITIKL) = — {5, B(Ks-> ntn) + nooB(Ky, > n0n0)}) -+
T8

1
T n*+-0B(KL > mtn-79) + 1100 BK 1, > n0020) -+
7

+ 1o B(K L > =€) + 1y B(Kp > wte~v) +
T B L > 7 puv) - 0, BIK 1 > mpmv)).

As a consequence of the smallness of Tsftr, = (1.66 4 0.016) X 10-3 our
formula is insensitive to the data to be substituted into the second paranthesis.
So we write

B(Ks—>atn~) =1— B(Ks—> a9n0) |
B(Kp— atn=a®) + B(Kp-> n2029) = B(Kp - anmx)
B(KL > n~etv) + B(Ky > nte ) + B(K;— wtev) +
+ B(Ky > z*u») = 1 — B(Ky, > 37)
B(KL— n-ety) — B(Kp > wrey) = B(Kp - mutv) —
— BE L 7). |
We arrive at the result
EIHLY(1 41 tan 2) = B(Ks > wta-Yn.- + B(Ks—~ 70700 + Mlm 735
. L
where
s = B(Kp— 7tn-a%n-0 4 B(KL > 2970701000 -
+ [1 — B(KL — 37)] [«(1 + 2 Rex) +- & — ).
The experimental branching ratios are (see the note?)
B(Ks > 2929) = 0.312 + 0.003 (33)
B(Ky, > 379 — 0.214 + 0.007
B(KL - nta—a%) = 0.126 + 0.003
If the smallness of 2 is taken into account,

WAQH&; - Q:JJ\V i Hu
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WAQHIQJ + Sﬂ.nl_,v = A.ﬁ - “\Mv + M&.

but if the OPT symmetry is assumed on the right-hand side of the last equation,
we can put simply 2:£. Finally, for numerical calculations one can use the
simple formula

3{Ks|K1) = Ree — iImd = (1 + itan 0) 1| B(Ks > mta-)nys +

TS
+ B(Ks > 20000 + — B(Kyp, > m*m-ad)p*_yq -+
TL

T
+fm‘ B(Ky —» 729700 %00 ... | . (34)
L
All numbers on the right-hand side of the unitarity equation have been meas-

ured and are quoted above, the others are negligible, so we can compute
Ree and Imé.

Ree = (1.47 4 0.15) X 10-3, Imé = (0.09 + 0.19) x 10-3, (35)
Knowing Ree, the value of 8 can be obtained from eq. (28):
f = (0.35 + 0.46) x 10-3, (36)

A more detailed knowledge of the asymmetry parameters is offered by a
detailed analysis of the K - nn decays, for which the most complete set of
experimental data is available.

As the spin of K is zero, the orbital angular momentum of the nz final state
is also zero. The Bose statistics allow 7 — 0 and I = 2 in this final state.
The Ks branching ratio gives

,:Aacac_er..._va e 1—Vzp P
| (wta-[HA . . . |Ks> | 1dp) 2|

where
.

_ Sam, I =2H+.. |Ks)
" (am, I = O|H4+-...|Ks)

P (37)

is the ratio of the Al >} amplitude to the Al = § amplitude in the CP
allowed Ks - an decay. From the experimental value (33) one gets

Rep = 0.0251 L 0.0028. (38)

The CP-forbidden K - nz transitions may have two different sources:
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either the CP impurity of the K eigenstate (tke presence of K; being cha-
racterized by e — 6) or a direct jump of CP in the K-> zn transition (to be
characterized by new parameters yo and ys, see Fig. 1). We define

K = K; + Aml%vwm

Ki =Kz + (¢ — 9K,
Fig. 1. K — nn descay amplitudes.

G I = O\H+ . |Kp) | am I = 2HA KL
C m I=OH+ .. Ksy ' " (am 1= OHL.. |Ks>

& (39)

In accordance with the isospin decomposition of the 7z~ and 7070 states one
can write

: . €0 |T mu\y\m . &0 — mm._\m
Rom B ol 0o = % (40)

If the only source of the K-> mn transitions were the K, impurity, one
would have

& _ (am, I =2/H+...|Ki) <am,[=2/H+.. |Ks>
o <aml=OH+.. Ky (o l—OHt. |K L

The other source might be the CP-breaking K»—> nn transition. Let us write
(mm, [1H+ .. [ |K% = A", {an, 1H+...|K0 = Aol (41)

Here 6; is the scattering phase shift of the strong nz final state interaction
at B = moc? with the isospin 1. With a certain amount of hesitation nz-meson
physics says that [5]

85 — 8g = —B1.70 L 50, (42)

In the case of the CP symmetry one would have 4; = 4,, thus the &mmoe
CP breakdown in the K — nz transition is characterized by the two complex
parameters
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»Ac o Ne uﬁw - MA.N

=, Yo s 43

# Ao+ Ao Az 4 Ay (43)

(Up to the first order of the perturbation theory Rey; # 0 indicates the CP

and the CPT breakdowns; Imy; = 0 indicates the CP and the T breakdowns.

By making use of eq. (14), (16), (39), (40), (41) and (43) one arrives at the
following relations:

2n+— + Moo .
g=y+e—8= |lw!|+ $p (74— — 7o00), (44)
5 {
&2 2 Ni-— 700 P
ewlfﬂllmoﬂﬁ\lj wl\!%:T%m. (45)
P 3 » V2

(Here all the CP asymmetry parameters have been taken into account in the
first order; no other parameters have been neglected.) Re o is known experi-
mentally, and it is easy to show that

A2+ 4o o 1+ ya(e 4 0)
= e

Ao+ 4o 1 + yo(e + 9)

Now if K - nn is dominated by the OP symmetric weak interaction for both
the I = 0 and the I = 2 final states, one can write

p

| 4 i(s ;
p=4 e e'®%) L COP asymmetric terms =
0
|
= +4(0.040 4 0.007)ei(—52°%5) | OP asymmetric terms. (46)

Substituting the experimental values (18) and (46) into the formulas (44) and
{45) one obtains

lzol = (1.99 & 0.15) X 10-3arg ¢ = 42.20 4+ 7.20, (47)
[y — vol <12 X 10~3 arg (ys — yo) = unknown. (48)

(leo] is given essentially by [5:_| and |ngo| accurately, but [va — yol is sensitive
to the inaccuracy of arg ;_ and arg 7es.) The separated information available
on the CP-breaking parameters of the neutral K meson system is summarized
in the following Table 1. (All values are given in 10-3 units.) The Table shows
that the CP and the 7' symmetries are definitely broken in neutral K meson
decays, but there is no indication of any CPT breaking of a comparable
strength. Nature thus reveals itself to be microscopically irreversible, although
even here it behaves causally (Fig. 2).
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Table 1

ﬁ_ Source of information Irreversibility (T asymmetry) Acausality (CPT asymmetry) .h
5o

N Unitarity Ree = 1.47 + 0.15 | Imo6=009+ 019
Kosan, I =90 Im (¢ + yo) = 1.43 4 0.26 _ Re (6 — y0) = 0.01 L 0.19
K—+>ar, I =2 1Im (y2 — po)| < 12 | 1R (y2 — y)| < 12

- K - qev = —5 4 38 | B =0.35 4 0.46
‘ g | (all values in 10-3 units)
- 1

1V. THE MINIMUM MODEL

The only asymmetry parameter significantly differing from zero is . By
exploiting the possibility of the Hyp—> Hyew(c) replacement (10) we can pus
Imyo = 0 (Wu-Yang convention [6]), which gives

&= (147 £ 0.15) X 10-3 (1.43 - 0.26) - 10-3. (49)

It is very tempting to assume that all the observed asymmetries are explained
by this single parameter, which characterizes the time-odd part of the effective
Hamiltonian 5 [7]:

E.mi*l Eh .N_.\N,mlgh

o3
2 o 2

H = IT memAN—N@. —_ N—thp AmOv
Let us check the confidency of this ,,minimum model“. By assuming that
B =Rey; =4 = 0 (exact OPT symmetry) and Im yp = & — ¢ (the microscopic
irreversibility is concentrated into the neutral K eigenstates produced by the
effective Hamiltonian (49) and no further irreversibility is to be found in the
decay matrix elements), we obtain the unique relations .

1+== 100= & = &0 = p~le; for the minimum model. (51}

The unitarity relation tells us that the phase of this complex number is equal
to the z quoted in eq. (32). Its real part can be obtained also from the charge
asymmetry of the leptonic decays. Thus by writing

1 —Rex «

— for the minimum model | A,mw.y
1+ Rex 2

A= (1+1itanz)
we can collect three independent pieces of experimental information about
the strength of the time-reversal asymmetry:

U= -l = (1.98 + 0.04) x 10-3, argy,_ — 41.8° 4 28° (53)
€= | Moo, [reol = (2.09 + 0.10) X 10-3, arg ygo= 43.2° + 19° _
A Al = (2.25 4 0.29) x 10-3, arg 2 = 43.0° 4+ 0.13°
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Fig. 2. Strength pf the T and the CTP Fig. 3.
violations in the neutral K eigenstates
(empirical values of ¢ and §).

The coincidence of these three values makes it understandable that the
»»minimum model“ is very popular among theoriticians (Fig. 3): is is characte-
rized by a single asymmetry parameter appearing in the effective Hamilto-
nian (15):

[6=10, &= (2004 0.04) x 10-3 exp i[43.0° - 0.1°].

V. CONCLUSION AND OUTLOOK

Let us try to formulate the conclusions of our numerical results. What can
we say about the CP-odd Hamiltonian

H' = §[H— (OP)~1H,u(CP)]? (54)

The experimental indication that & - 0 but § — yr= Imz = 0 says that the
matrix element (KOH'|K° =£0, but he matrix elements (KOH'| decay
states) ~ 0, i.e. H' ,;works* within the neutral K subspace, but does not
connect the K-states with states outside the K subspace. From our previous
formulas it follows
27, -
lel = ———— Im(ROJH'+ .. .|K0)| = 2  10-3, (55)
1 —itanz

thus & can be used to estimate the strength ¢’ of the CP violating H'. Hrw
predictions for the measurable quantity .
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N+-— 7oo

N+—1 7o

o =

for the case when H’ is built up purely from hadronic operators, and is charac-
terized by a definite SU(3) property are summarized in Table 2 [8].

The experimental finding w < § can be considered to be a hint for w < 1.
This strong inequality can be explained in the three different ways: with
superweak, milliweak or millistrong realizations of the millistrong model.
A choice among these possibilities would be possible only with asymmetry
experiments performed outside neutral K-meson physics.

" What about the coupling constant of hypothetical CPT-violating interac-

tions? We know that

Table 2
a4y ar g o
0 10-3 137-1
0 1 10-3 . 1 millistrong
2 10-3 1
3 10-2 137
1/2 10-8 1371
1 3/2 10-8 1 milliweak
5/2 10-6 1
0 10-11 10-10
2 1 10-13 10-10 superweak
2 10-11 10-8
n > 2 10-23+5n 10-10
g )
8] =| ————<(K?° | H—(CPT)-*H(CPT) +higher order terms |K°| <
| 1 — itanz m
<2 x 104

If the CPT-odd part of the Hamiltonian were characterized by the selection
rule AY = 0 or 1 or 2, the corresponding upper limits on its coupling constant
would be 10-14, 10-9, 10-4, We can state that a CPT asymmetry with a strength
comparable to the 7 asymmetry can be excluded experimentally only for
A4Y = 0 transitions.

Coming back to the definitely observed 7' asymmetry, we still have to answer
the puzzling question: If Nature is irreversible even microscopically, why
does it hide this property so well? Is it a primary fact that the coupling con-
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stant g'in the odd coupling H' is small, or may we ask for an explanation
of the weakness of the 7' asymmetry?

Well, it is known that no exotic particles can be found in the recent Table
of Particle Properties. For this reason we are allowed to think in terms
of quarks: only such particles and such vertices are of importance for nature,
which can be built up simply by quarks. On the other hand, it is exceedingly
difficult to write down a coupling which is invariant against all transformations
bub C' and T'. One is forced to use the scalar product of v, and 8, (wigh current
odd and the momentum even with respect to C). Examples are:

PYPu. Ouy corresponding to w,d,s

PY50uY. Pysyuy corresponding to 41,8,

PYuyp- Pysp. Oufysp  corresponding to (meu)dun

(Here o, ¢, A1, B, m, ¢ and 7 stand for the field operators of the corresponding
mesons.) These structures are realized by rare particles (excited bound quark
pairs) or by sophisticated centrifugal barriers. This offers an explanation
of why it is so hard to observe the T' asymmetry in Nature, but we have still
not succeeded in clarifying the CP puzzle. We have shown only that it may
be related to another unsolved problem of nature: to the quark puzzle.

The present analysis — following similar ones published in earlier years
by other authors—is the result of a promise to give a review on the OP break-
down at the Conference on Weak Interactions at Smolenice, Slovakia in June
1973. The author is highly indebted to Dr. J. Pigtt for his hospitality in Slo-
vakia. .
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