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In connection with the discovery of CP violation in the decay K/ - 21r the possibility is discussed, that "mirror" 
(R) particles exist in addition to the ordinary (L) particles. The introduction of these latter particles reestablishes 
the equivalence of left and right. It is shown that mirror particles cannot interact with ordinary particles strongly, 
semistrongly, or electromagnetically. Weak interactions between L and R particles are possible, owing to the ex­ 
change of neutrinos. L and R particles must have the same gravitational interaction. The possibility of existence 
and detection of macroscopic bodies (stars) made up of R-matter is discussed. 

1. MIRROR PARTICLES AND CPA INVARIANCE 

At the present time it is doubtless that the decay Kt° _,, 
21r has indeed been observed in the experimentsl1-4l 
and that CP-invariance is violated. This means that the 
equivalence of right and left does not exist in the world 
of observed particles. 

In distinction from noninvariance under the proper 
Lorentz group, CP noninvariance does not lead to real 
theoretical difficulties. Indeed, a Lagrangian with 
complex constants leads to a CP-noninvariant but uni­ 
tary, analytic, and CPT-invariant 5-matrix. The prob­ 
lem of understanding how nature has made its choice 
among the "right-handed" and "left-handed" versions 
remains a task for a future theory. 
It should be stressed that in a CP-noninvariant 

theory a pure mirror-reflection (without time reversal) 
does not map a physical process into another physical 
process. Such a mapping is realized only by a CPT 
transformation. Thus a reflection of the space axes 
must be accompanied by a reflection of the time axis. 
In this sense the space and time coordinates are not 
independent. This is a qualitatively new situation. 
Until now physicists believed that the "universe" La­ 
grangian, describing elementary particles, is invariant 
under all the transformations which leave the Lorentz 
interval t2 - x2 invariant. This credo was not shaken by 
the discovery of P-noninvariance in 1956, since the 
hypothesis of conservation of combined invariance 
proposed by Landau!" gave the possibility of consider­ 
ing the CP transformation as the physical realization 
of space reflection. The T-transformation remained an 
independent operation having the u~ual interpreta­ 
tion. 
If one tries to preserve the independence of P- and 

T-reflections in the presence of CP-violation, and thus, 
to preserve the symmetry of nature with respect to 
left and right, one must assume that in addition to our 
world there exists a mirror-image world and that the 
elementary particles are doubled. In connection with 
the nonconservation of P in weak interactions, the 
possibility of existence of a mirror-world had been 

considered by Lee and Yang.l'" They assumed that in 
addition to the known particles, which they called 
left-handed (L), there exist also right-handed (R) 
particles. According to the ideas of CGl, the operation 
of mirror reflection contains, in .addition to a CP­ 
transformation, the operation L ~ R, which we denote 
here by A. 0 The physical inversion is described by the 
operation CPA, and it is assumed that the total Lagran­ 
gian is invariant with respect to this operation. 
As an example, we write down a CPA-invariant La­ 

grangian, describing the decays A _,, p1T-, with the 
assumption that CP is violated in the usual weak inter­ 
action: 

2 = jh(a + -~V5)AL'(J)rrL· + JhC(a' - ~··w)ALC(J)rrL 
+ PRC(a - ~-w)ARC'(J)rrL + PR(a* + ~•-y5)AR(J);R, 

(1) 

Here A/= y2y4A1, and similarly for p/, Ai/'", and pl. 
The terms involving A/ and Ai/'' are hermitian con­ 
jugates of the terms with A1, and A//. The first two terms 
describe the decays of "our" particles and antiparticles: 
A1, _,, p1_1r-1, and A1• --,, p1,1r\. The asymmetries in the 
decays A1, _,, p1_1r-1• and A//_,, Pu1T+u are equal in magni­ 
tude, but have opposite signs.2> 

For a model in which CP-invariance is violated in 
the superweak interaction with 1651 = 2,C71 a CPA­ 
invariant Lagrangian for the transition K2 _,, K1 has, 
apart from a factor, the form 

(3) 

Accordingly, in the case of a C-noninvariant but p­ 
invariant electrodynamics's-" the effective Lagrangian 

"To be more precise, the PA transformation was considered in IHI 
rather than the CPA transformation. 

"Instead of CPA-invariance one could consider PA-invariance 
only. In this case the appropriate Lagrangian has the form 

L = pL(a + BYs)ALcp* ,tL +.PLC (a" - /:tvs)AL 0(J)nT. 

+ .Pn(a-Bys)Ancp*nn + fin°(a' + j)°",'s)A0ncpnn, (2) 

For concreteness we shall discuss the case of CPA-invariance. 
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corresponding to 1r0 - 2y and 1r0 - 3y decays can be 
written symbolically as 

L2v ;""v e2 ( nL02-y + nR02-y), 
Lav ;""v e3 ( nL03-y - nR03-y), 

with Lay odd under CP. 

2. THE INTERACTION BETWEEN 
L AND R PARTICLES 

The main purpose of this paper is to consider the 
possible types of interactions between ordinary par­ 
ticles (L) and the mirror particles (R). 
In Lee andYang's work.l'" the possibility of electro­ 

magnetic or even strong interactions of L and R par­ 
ticles was admitted. We shall show below that in reality 
this is incompatible with the experimental data. The 
existing experimental data exclude even the possibility 
of semistrong interactions. 
In distinction from photons, neutrinos can belong 

to both worlds and the gravitons must be common to 
both, if we wish the introduction of the R-world to 
have any physical meaning at all. 

3. ELECTROMAGNETIC INTERACTIONS. 
COMMON PHOTONS (?) 

We start with the case of a common electromagnetic 
interaction for the two kinds of particles. In this theory 
there should exist two kinds of 1r0 mesons 1r/ and 1rn° 
(1ri = -CPA1r,?). In the presence of a common photon, 
the following transition is possible 

This will give rise to two states 

(4) 
(5) 

where 1ri° is even under CPA (odd under CA) and 1r} 
is odd under CPA (even under CA). We shall assume 
that the electromagnetic interaction is even under 
CPA and P, and thus also under CA, but is not neces­ 
sarily even under C. CB,9l By assumption, a y-(photon) 
transforms into itself under CA. Then the 1r1° state, 
which has odd CA, cannot decay into two photons, real 
or virtual, but can decay into three photons. Since the 
width of such a decay is small, this 1ri° meson would be 
long-lived, in contradiction with experiments. Thus, 
for example, in the charge exchange reaction 1r- -1r0, 
part of the generated 1r0 mesons would not decay into 
two photons. The same is true for 1r0 mesons which 
appear in the decay of the A0 hyperon or of K0 mesons 
in the reaction 1r-p - A°Ko. 
This conclusion remains valid if in addition to the 

common electromagnetic interaction of the R and L 

particles, there exists also a common strong · 
tion. mterac- 
Thus, there should exist photons of two t . 

and Yu• It follows that the particles which are vpes: Y,. 
b h Id . common 

to ot wor s must necessanly be neutral 0th . 
Id h . . · erw1se we wou ave separate violations of the con . . servation 

laws of electnc L and R currents. Such particl . . . I b . es could m prmop e e neutral isoscalar mesons then · . - , eutnnos 
the schizons W0 and wo,uoi the gravitons and th ' 

k 
. o er yet 

un nown neutral particles. 

4. THE STRONG INTERACTION. 
COMMON MESONS (?) 

We now consider the case when there are two pho­ 
tons, y,_ and Yu, ~nd t_he only common interaction of 
the L and R particle~ 1s the strong interaction. In this 
case there wo_uld_ exist t~o 77'_0 ~e_sons with approxi­ 
mately equal lifetimes, which 1s m itself not in contr _ 
diction with experiment. These pions will decay in~ 
y,,y,_, YuYH, and v.v». The strong interaction between 
L and R particles must be isospin-invariant. Therefor 
the mixing of 1r,.0 and 1r,i° (both having T = 1) will i~~ 
volve virtual photons and will be of electromagnetic 
~rd~r of smallness (order a2, cf. Fig. 1). During the 
lifetime of the 1r0 meson, a partial mixing of 1r O and 

0 • l 
1Tu will occur. Thus, the experimentally observed 7ro 
mesons should emit Yu photons in a certain fraction of 
the events. If one takes into account that the doubling 
of photons also involves the doubling of the leptons 
(otherwise the usual relation between ee and ep cross 
sections would be violated), the observed decay prob- · 
ability for 1r0 - ye+ e'- would be smaller than the usual 
one (for which the experiments agree with the stand­ 
ard theory): the Yu photons would convert into invisible 
R leptons. Unfortunately we are not in a position to 
estimate the degree of 1r,? - 1r,P mixing and therefore 
have to consider other arguments which exclude a 
common strong interaction for the L and R particles. 
Generally speaking, the existence of a common 

strong interaction between the L and R worlds would 
lead to essential modifications of the properties of 
strong interactions. In pair production processes along 
with usual pairs N,,N,. (N = nucleon) there would also 
appear pairs N uNu, The fate of such R antiparticles 
would depend on whether bound mesonic states o~the 
type NnN,, are possible. Should such states be possible, 

· · be- they would be stable since there are no trans1t10ns 
tween L and R nucl~ons even in weak interactions. (If 
the converse were true anomalous nuclei would appear 
in beta decay, involving R nucleons.) The experiments 

Nil 
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of ci 1-14J indicate that there are no charged stable par­ 
ticles in nature which are lighter than the deuteron 
(except, of course, the proton and electron). If bound 
states of the type NuN1, were forbidden, the R antinu­ 
cleon would not annihilate in ordinary matter, Unfor­ 
tunately the data on antiproton annihilation obtained 
in ci51 have. no relation to this problem, since the R 
antiprotons have no electric L charge, do not interact 
with L photons and do not leave ionization tracks. 
The strong interactions between L and R particles 

would lead to a strong mixing of the L and R mesons 
(wP-wu°, YJi?-YJu° etc). As a result A-even and A-odd 
states would be formed, which would decay with equal 
probabilities into visible L particles and invisible R 
particles (this relates in particular to 'Y/ mesons, which 
would decay a2 times slower than they would mix). We 
can conclude that the available experimental data are 
in contradiction with the hypothesis that there exists 
a strong interaction between the L and R particles. 

As regards a semistrong interaction between L and 
R particles, it is excluded by the data obtained in the 
CERN neutrino experimentY61 Indeed, the steel shield 

. of 25 m thickness used in this experiment would have 
allowed a considerable number of 7Tu mesons to pass 
(106 particles), even if their cross section would be only 
one order of magnitude smaller than the nuclear, In 
the neutrino experiment, neutrinos have been regis­ 
tered which are generated with an intensity equal to 
that of the 7T mesons and interact 13-14 orders of mag­ 
nitude weaker. Therefore, mirror particles, in par­ 
ticular 7T11 mesons, generated 106 times less frequent 
than ordinary particles, and being absorbed with a 
cross section 106 times smaller than the nuclear one 
(- 10-:12 cm2), if they existed, should be efficiently 
registered in the CERN experiment. One can thus 
assert, that the interaction between L and R hadrons 
is excluded, as long as the interaction constant g2 for 
this interaction satisfies the inequality g2 > 10-6• 

5. THE WEAK INTERACTION. 
COMMON NEUTRINOS3> 

None of the experiments done so far is in contradic­ 
tion with the assumption that neutrinos are common 
for the L and R particles. The Lagrangian of the weak 
interactions has, for example, the form 

where 

(6) 

:nThe question of the place of neutrinos in the present parity 
doubling scheme was posed to us by B. M. Pontecorvo. 

In the V-.A theory Ou= 01• =y0(l +y5). In the general 
case Ou= (CP)-10dCP). Such a Lagrangian corre­ 
sponds to the fact, that if the W bosons exist, there 
should be two types: W1• and Wu, Unfortunately, experi­ 
ments on the conversion of neutrinos into R particles 
do not seem realizable. For example, the generation 
of R particles in a neutrino reaction like the one de­ 
scribed by Fig. 2 could be observed only through the 
recoil proton with kinematics which disagrees with 
elastic up scattering. One should take into account that 
for such experiments it is necessary to know the neu­ 
trino momentum and one has to be able to exclude 
cases when the recoil proton emits a bremsstrahlung 
photon. 

Neutrino astronomy could yeild unexpected results 
in connection with the properties of the neutrino 
under discussion. If a bright R object would be situated 
in the neighborhood of our solar system, and this 
object would emit, like the sun, a flux of neutrinos, 
one could not observe the object either via its photons 
(Yu) or its corpuscular radiation (e11,Pu) but it might 
be a bright object on our "neutrino firmament." 

6. THE WEAK INTERACTION. 
COMMON W0 BOSONS (?) 

The existence of common W0 bosons with a universal 
interaction constant for interactions with L and R 
particles is excluded by experiment, since an unob­ 
servable 7T,P-meson would be generated in this case in 
hyperon and K-meson decays in addition to 7T/ mesons, 
and unobservable 7T/7Tu- pairs in place of 7T1.+7TL- pairs. 

7. THE GRAVITATIONAL INTERACTION. 
COMMON GRAVITONS 

If R-matter exists it should interact with L-matter 
via gravitation. If R-matter has any other interaction 
with ordinary matter, the gravitational interaction 
must contain the total matter tensor of L-matter and 
R-matter with a common constant G. Otherwise, the 
interaction between ordinary matter and R-matter 
with a non-conserved matter tensor for ordinary mat­ 
ter, would lead to contradictions m the gravitational 

(7) 

Fig. 2. 
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equations. It would seem at first sight, that if the gravi­ 
ton is the only particle common to the two worlds, 
different constants G,. and Gu would be possible. In 
particular, it would be conceivable that the graviton 
has vanishing interaction with R-matter. It is however 
obvious that if Gu = 0 and there are no other interac­ 
tions between R- and L-matter, the assertion that R­ 
matter exists becomes devoid of any physical signifi­ 
cance. If Gu 'I" G1, 'I" 0, there appear difficulties in con­ 
nection with the fact that the "total gravitational charge" 
of a closed system possessing kinetic energy would 
vary as this energy goes over from L-matter to R­ 
matter components. Such a nonconservation of gravi­ 
tational charge should lead to the appearance of a 
mass for the graviton, and consequently to a finite 
range for the gravitational interaction, on the basis 
of arguments similar to those advanced by Lyuboshitz, 
Okonov, and Podgoretskii'!" in order to exclude the 
existence of long-range forces associated with hyper­ 
charge. If R-matter would interact with our world only 
via gravitational interactions, it should exhibit very 
peculiar properties. For example, R-matter could form 
absolutely invisible and absolutely penetrable (by 
ordinary matter) macroscopic bodies. The passing of 
such an object, with a mass of the order of planetary 
mass, through the solar system would manifest itself 
only through perturbations of the planetary orbits, 
which would be strong in close encounters. A certain 
amount of R-matter could exist inside the central 
regions of the sun or the planets, moving along with 
these objects, and would manifest itself only by the 
fact that the mass determined in gravitational effects 
is larger than their "physical" mass. Such a situation 
would be extremely artificial. Any R-matter which 
would have been captured by the gravitational field of 
the earth at its formation should have some momen­ 
tum relative to the center of mass of the L-earth + R­ 
earth. Thus the L-earth and R-earth would be in os­ 
cillation relative to their common center of mass. If 
the R-earth had an appreciable mass such oscillations 
should manifest themselves. Even if at some time the 
amplitude of such oscillations would vanish, oscilla­ 
tions should appear, as remarked by Frank-Karnenet­ 
skii, due to meteoric bombardment. Thus the presence 
of large quantities of R-matter in our solar system is 
very unlikely. 

We note that if a double star made of R-matter 
would be situated near our solar system, it could be 
the source of such strong gravitational radiation, that 
it could be detected.l'"' 

8. CPA-INVARIANCE IN THE 
TWO-A-QUARK MODEL 

We have assumed above that all hadrons go over into 
their mirror twins under an A-transformation. One 
could require, however, that this be true not for all 

hadrons, but only for some of them. Such a require­ 
ment is satisfied by the composite model proposed by 
Vladimirskill'v' in which there are two A-quarks (A

11 
and Au) with identical strong interactions. In this model 
the A-transformation interchanges A11 with A1,. Ac­ 
cording to ci9J A-invariance is violated by an interaction 
which is weaker than electromagnetic, therefore the 
corresponding "isogroup" SU2(A11,Au) is a more ac­ 
curate group than the usual isospin group SU2(p,n). 
We shall show that the requirement of CPA-invariance 
leads in this model to a contradiction with experiments 
on neutral K mesons. In the two-A-quark model there 
are four neutral K mesons: Kt, K1b, Ki' and K}, which 
transform into each other. There are two diagonal 
states with positive CPA-parity, E, and E2, and two 
states with negative CPA-parity, 01 and 02. The first 
are linear superpositions of the states Kt + Kl' and 
Ki' - K}, and the second are superpositions of Kt - 
Kl' and Ki'+ Kj'. A 1r+1r- system in an S-state is CPA­ 
even, therefore decays into such a system can come 
only from CPA-even mesons £1 and E2• If the lifetimes 
of £1 and E2 are comparable (if;,, ~ T1,2 ~ 1 o-io sec) one 
cannot explain the outcome of the experiments of 
Christenson et aJ.Ci-aJ If one assumes that T1,, ~ I 0-111 
sec and T,,-2 ~ 1 o-H sec, one can perhaps explain these 
experiments, but in this case, during a time of the 
order 10-10 sec, only 1/6, and not 1/3, of all K0 mesons 
generated in a reaction would decay into 1r+1r-. This 
conclusion is in disagreement with experiments on 
associated production of K0 mesons (1r-p - A°K0)12°1 

and charge exchange (K+ n - KO /J) YI l 

9. CONCLUSION 

The consideration of the available experimental data 
leads us to the following conclusions. 
I. If they exist at all, mirror particles interact with 

our particles in a relatively weak manner. 
2. Within the limits of the solar system there are 

considerably fewer mirror particles than ordinary 
particles. . 

Both these conclusions do not imply that mirror 
particles do not exist at all, or that if they exist, they 

. • ral or the are absent from the solar system 111 gene 
interior of the earth, in particular. . h 

· · the netg - 3. If stars made up of R-matter exist 111 
Id not be borhood of the solar system, such stars wou d 

. h d b Id be detecte detectable by ordinary met o s, ut c~u. 
via their neutrino or gravitational radiatwns. . . in 

. . . cons1sung . The ma111 result of the present paper. weak 
the conclusion of the possibility of only a _very mat- 
. . . . nd ordinary interaction between mirror matte: a tration 

d f ti e concen ter, and that the upper boun or .1 11 does not 
of mirror-matter in the solar system is si.na r' the exist­ 
add to the attractiveness of the hypothesis 0 

ence of mirror matter. 
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