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1), grofleren Adsorptionswirmen zu verstehen, wire
danach eine Zunahme der Adsorptionsvolumina ge-
geniiber reinem Wasserstoff zu fordern, nimlich um
jenen Anteil, der die Wirmeentwicklung bewirken soll.
Die Isothermen in Abb. 2 widersprechen dem jedoch.
Es ist deshalb zu folgern, daff der Wirmeeffekt nicht
durch eine zusitzliche Adsorption, sondern durch eine
Wechselwirkung der adsorbierten Spezies an der Ka-
talysatorenoberfliche hervorgerufen wird, etwa durch
Bildungsenthalpien von Oberflichenkomplexen oder
definierten Oberflichenstrukturen.

Das Auftreten von Sorptionskomplexen kann somit
auch aus energetischen Messungen gefolgert werden
und steht im Einklang mit den in der Einleitung zi-
tierten, durch andere Meflmethoden ermittelten Resul-
taten.

13 M. V. C. Sastri u. H. SrikanT, Curr. Sci. 20, 15
[1951].

Betrachtet man abschliefend den Einfluf der Zu-
sammensetzung des zur Adsorption angebotenen Gas-
gemisches auf die Sorptionswirmen, so ist mit steigen-
dem N,Anteil eine Wirmezunahme festzustellen.

Auch dieses Ergebnis wird durch Adsorptionsmes-
sungen von SASTRI und SRIKANT 13- 14 bestdtigt, die
mit zunehmendem N,-Partialdruck eine wachsende
Komplexbildung postulieren.

Der Deutschen Forschungsgemeinschaft danken wir
fiir die finanzielle Unterstiitzung, Herrn Dr. GERHARD
ScHurz von der BASF fiir die Bereitstellung des Ka-
talvsators, Herrn Dipl.-Ing. H. ROBERG sei fiir zahl-
reiche apparative Winweise und Herrn Dr. G. ScHuLz-
Exrofr (Robert Bosch GmbH) fiir die kritische Dis-
kussion gedankt.

14 M. V. C. Sastri u. H. SrikanT, J. Sci. Ind. Res. 20D,
321 [1961].
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The possible effect of a cosmological background (such as proton neutron preponderance) on the
meaning of time reversal violation is discussed in the context of the Diirr"Heisenberg degenerate

vacuum theory of strangeness.

Introduction

The microscopic equations of motion do not define
a sense of the direction of time. Developments in
recent years in connection with the Fitch-Cronin ef-
fect ! show that experiment supports the violation of
time reversal invariance 2. In view of the asymmetry
of the environment (preponderance of matter over
antimatter, proton-neutron preponderance etc.) it
would seem natural to investigate the influence of the
universe at large on the breakdown of invariance.

A number of papers have appeared in order to ex-
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1 J. H. CHrISTENSON, J. W. CroniN, V. L. FiTch, and
R. Turray, Phys. Rev. Letters 13, 138 [1964].

2 R. C. CaseLLa, Phys. Rev. Letters 21, 1128 [1968],
ibid. 22, 554 [1969]. P. K. Kagir, Nature [London]

plain the observed CP violation (charge-parity) in
terms of a cosmological origin 3. However, cosmolo-
gical models based on the assumption that the cosmo-
logical field couples with different signs to matter (K°)
and antimatter (K°) implies, in addition to CP viola-
tion, a TCP violation for which no experimental evi-
dence exists to date.

In this note a view of the question of time-reversal
violation is outlined. The logical question at issue
refers to the conceptual basis of the violation. The
known temporal asymmetry associated with processes
in the universe defines a direction of time. It is pro-

220, 1310 [1968]. ]J. AsukiN and P. Kasir, Phys. Rev.
D1, 868 [1970].

3 J. BernsTEIN, N. CaBiBBo, and T. D. Leg, Phys. Let
ters, 12, 146 [1964]. J. S. BeLL and J. K. PERrING,
Phys. Rev. Letters, 13, 348 [1964]. G. Marx, Phys.
Rev. 140B, 1068 [1965].

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fiir Naturforschung in cooperation with the Max Planck Society for the

@NROIS)

) Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht: Advancement of Science under a Creative Commons Attribution-NoDerivs
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland 3.0 Germany License.
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



58 P. DU T. VAN DER MERWE

posed in particular that the preponderance of isospin
members over fellow members (proton-neutron pre-
ponderance for example) results in a degenerate vacu-
um state (cosmological prepared state) and that the
rate of change of its isospin singles out an arrow of
time.

The Model

In order to pursue this line of thought it is necessary
to establish a connection between the arrow of time
and microscopic attributes. The degenerate vacuum
may manifest itself in a number of ways. The strang-
eness theory of DURR and HEISENBERG * is of parti-
cular interest. The theory proposes that isotopic spin
of the degenerate vacuum state may be attached to
particle states, forming new particles which are dis-
tinguished from the original particles by the acquired
isospin. The relationship between the electric charge
and the third component of isospin of the derived
particle is influenced in such a manner that the ac-
quired attribute associated with the new state plays a
role similar to strangeness (isospin-spin decoupling) of
the Gell-Mann-Nishijima proposal

Q=13+ 3N + 3§ . (1)

In view of the above, it follows that an arrow of time
is furthermore associated with the rate of change of the
1sospin of the degenerate vacuum i. e. with strangeness
changing processes. This implies that the strangeness
changing contribution to the mass-shift consist of T-
conserving and T-violating parts.

The (K°, 1?5) System

The consequences for the (K°, K°) system may brief-
ly be stated as follows. The equation of motion in the
Hilbert space corresponding to the strangeness co-
ordinates of the K-meson is given by 5

KO
i3ty =My = M-3ily; y =<Eg> ()

where the mass matrix M may be represented in terms
of the Pauli matrices by

4 H. P. DUrRR and W. HEisENBERG, Nuovo Cim. 37, 1446
[1965]. W. He1sEnBERG, H. WAGNER, and K. YAaMAZAKI,
Nuovo Cim. A, 59, 377 [1969].

® T. D. Leg, R. Oenme, and C. N. Yanc, Phys. Rev.
106, 340 [1957]. T. T. Wu and C. N. Yang, Phys. Rev.

M=ol+Boz+yoy+do; 3)
In terms of the phase convention
CP|K*) = | K%) 4)

the representatives of the symmetry operators and the
symmetry breaking terms in hyper-charge space is
given in Table 1. Here K denotes the complex con-
jugate operation.

Table 1
Symmetry Representative Symmetry breaking
Operator terms
CP oz oy and o,
T K oy
TCP Ko, oz

The most general TCP conserving “mass”-matrix is
therefore given by

M= (my+ 3l)I+(H+%l)or+y0y (5

where m, = m(K°) = m(K"); I' = I'(K°) = I'(K°) and
(H + #iT), and y are functions of the T-conserving
and T-violating strangeness changing contributions to
the mass-matrix respectively.

The mass-matrix (5) is diagonalized by the trans-

formation
il expi @
U=1/V2 (6)
1 —expig
where the complex phase, @, is given by
tangp =y [H2 + 3 2]V [H-41T]. 7)
The eigenstates and eigenvalues are given by

Ks(t) = exp [-iMst] [1+]|expig 2] [K® +exp (i) 16] 5

(82)
K19(t) = exp [-iMLt] [1 + ] exp ig [2]"} [K®—exp (ip) K
(8b)
and
Ms =my+3ilg+cosp(H+4i)+ysing , (9a)
My, = my+34ily—cosp(H+3%iT)-ysing  (9b)
respectively.

In the limit of vanishing T-violation (y = o, @ = 0)
it follows that

Letters 13, 380 [1964]. T. D. LEe and L. WOLFENSTEIN,
Phys. Rev. 138B, 1490 [1965]. C. P. Enz and R. R.
Lewrs, Helv. Phys. Acta 38, 860 [1965]. T. D. Leg and
C. S. Wu, Ann. Rev. Nucl. Sci. 16, 511 [1966].
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Mg=(my+H) + 3i(Dg+ ) =m,+% T, (10a)

My =(my—H) + 3i(Lg-T)=my+%i T, (10b)

where m,, my, I'; and I'y denote the experimentally
known masses and lifetimes of the CP eigenstates

K, = (1/V2) (K° + K% , (11a)

K, = (1/V2) (K- K° . (11b)

In the absence of T-violation the decay of the long-
lived kaon, K, — 27, is prohibited. According to Egs.
(8) and (11) the ratio of the amplitudes for the decay

b A(KL"—»nzﬂB) _ (I-expig)
e = AKS®—a'a% = (1+expiq)

(12)

serves as a measure of T-violation. Since the ratio 5
is small it follows that

n~-%ipg=yDdexpivy , (13)
Ms =my+2y2 Dt (my—my) + 4i [[-2y2 D ([',-T,)] ,
(14a)

My =my+2y2 DY (my-my) + 41 [[,-2y2 DV ([,-T))]
(14b)

¢ G. V. Dass, CERN-Report 1373, July 1971.

where

D = (m—my)* + Y (I'y, =T (15)
and

tany =2 (my—my) / (I'y=T) . (16)

The last equation yields the phase of the CP- and

T-violation defined by Eq. (13), ¥, = ¥,, =43°or
223°; to be compared with the experimental result ¢
Y., =(44%5)°and ¥, = (51 £ 30)°. The result
N._ = 7o, is compatible with the experimental result
{9, _1=(1.92 £ 0.5)10-% and | 9, | = (2.5 £ 0.8)10-2.
Furthermore, the relation

y~ln, | VZ(my-my) (17)

and the fact that the mass difference (m,—m,) origina-
tes from | As | =1, CP- and T-conserving process allow
an evaluation of the CP- and T-violating coefficient
y. In particular, if the T-violating interaction posses-
ses a | As | =1 component it follows that the coupling
is semi-weak (coupling of order 10-3G); whereas if
the T-violation originates from a |4s | = 2 interaction,
the coupling is superweak 7 (coupling of order 10-8 G).

7 L. WoLrFENSTEIN, Phys. Rev. Letters 13, 562 [1964]. T.
D. Lee and L. WoLreNsTEIN, Phys. Rev. 138B, 1490
[1965].



