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The existence of the mirror world, with the same microphysics as our own one but with opposite P-asymmetry,
not only restores an exact equivalence between left and right, but provides a natural explanation via see-saw-

like mechanism why neutrino is ultralight.

It is well known, P-noninvariance of the weak inter-
actions does not necessarily mean that there is an abso-
lute difference between left and right in nature. Any
P-asymmetry in matter (for example, the absence of
right-handed neutrino) can be accompanied by the op-
posite P-asymmetry in anti-matter (for example, the
absence of left-handed antineutrino), so that the overall
situation can still be left-right symmetric. It is CP, not
P, which represents the symmetry between left and
right [1]. Less formally, although our world looks quite
asymmetric when looking through P-mirror, it can still
appear symmetric when looking through CP-mirror.
But now we know that it is not either! In fact, it is the
common belief, that the left-right symmetry is connect-
ed with CP, which makes CP-noninvariance so strange,
otherwise a natural question we should to ask is why
CP-violation is so tiny (and we really have to answer
this question in QCD [2]).

But, contrary to this common belief, the left-right
symmetry is not necessarily connected with CP-invari-
ance. Space inversion (and any other geometric sym-
metry from the Poincare group) is represented not by
one quantum-mechanical operator P, but by a whole
class of operators {/P}, where {/} forms an internal
symmetry group of the system [3]. So we can use MP,
instead of CP, as a quantum-mechanical parity operator
relating left and right, where M is any internal symme-
try operator. But can we find some good enough inter-
nal symmetry for which MP is exactly conserved?

In fact such an internal symmetry was suggested by
Lee and Yang in their famous paper [4], about the pos-
sibility of parity nonconservation, and it involves a
drastic duplication of the world. For any ordinary par-
ticle an existence of the corresponding “mirror” parti-
cle is postulated, so that there are two kinds of elec-
trons, two kinds of photons and so on. The mirror world
completely resembles the ordinary one at the micro-
physics level, except that it reveals an opposite
P-asymmetry. In such an extended universe MP is an
exact symmetry, where M interchanges ordinary and
mirror particles, and there is no absolute difference be-
tween left and right: this universe looks symmetric
when looking through MP-mirror.

Of course the mirror particles should interact with
the ordinary ones only extremely weakly to escape de-
tection [5], but they should interact at least gravitation-
ally [5], and the big enough clusters of mirror matter
can cause observable gravitational effects [6]. Even it is
possible that such effects were already observed, if we
adopt the dark matter interpretation as a mirror matter [7].
Then the recent observation of the possible gravitation-
al microlensing events [8] can appear to be nothing but
the observation of mirror stars [9]!

If there exist particles which carry both ordinary and
mirror electric charges (a connector), then they can
cause a significant mixing between ordinary and mirror
photons even for a very heavy connector, and as a result
mirror charged particles from the mirror world acquire
a small ordinary electric charge [7, 10]. Such milli-
charged particles had been searched but never found
[11]. Another consequence of the above mentioned
photon mixing would be a possibility for positronium
to "disappear” in vacuum (to oscillate into mirror
positronium) [12]. It follows from available orthop-
ositronium experimental data that photon—mirror pho-
ton mixing, if present, is very small [13] and most prob-
ably the mixed form of matter carrying both ordinary
and mirror electric charges does not exist [12].

The ordinary and mirror universes can be grand uni-
fied either with G X G type gauge group [14] or even
more tightly with SO(n) type groups [15]. In the latter
case the existence of such queer objects as Alica strings
is possible [15, 16]. The ordinary particle encircling
around this string transforms into the mirror particle.
So the standard particles might go through the looking-
glass by means of such strings, as Alica did [17]. This
can lead to the observable astronomical effects. For ex-
ample, if Alica string passes between the Earth and a
galaxy, the galaxy becomes invisible for a terrestrial
observer [16].

The most serious test for the mirror world scenari-
um can come from cosmology [18, 19], because the
new degrees of freedom introduced can affect the big
bang nucleosynthesis [20] and overproduce the primor-
dial *He. But contrary to the previous claims [18, 19],
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it appears that there are enough dodges for mirror world
to pass this examination [9, 21].

Rather unexpectedly, one more support for the mir-
ror world hypothesis comes from the superstring theo-
ries. Namely, it was shown that some heterotic string
models lead in the low energy limit to the promising
Ey x Eg effective gauge theory, with second Eg acting in
the “shadow”” world of mirror particles [22].

A detailed analysis of observational physics of the
mirror world and a broad program of searches for astro-
nomical effects of mirror matter was given by Khlopov
and his collaborators in [23].

Let us emphasize that for mirror world to restore an
exact left-right symmetry, its principal existence, with
the same microphysics as the ordinary world, is suffi-
cient. The macrophysics can be quite different. But the
left-right symmetry is a rather abstract concept. Can we
point to some more material evidence in favor of the
mirror world existence? We would like to remark in
this note that such an evidence does really exist. Even
if the arguments of [9] failed and the mirror world with
different macrophysics is empty enough, Francesco
Sizzi’s opinion, cited in [18], that such a mirror uni-
verse, just like the moons of Jupiter discovered by Ga-
lileo, “can have no influence on the Earth and therefore
would be useless and therefore does not exist”, is still
inapplicable, because even if the mirror matter is dilut-
ed away by inflation, it still leaves a very clear signal of
its existence and this is very small mass of neutrino!

Actually a possible connection between the mirror
world and neutrino mass was already hinted in [15] and
[24]. We are going to argue that the suggestion of [24],
that small neutrino mass maybe is a thin thread leading
to the mirror world, is indeed correct.

Although plenty of models were suggested to ex-
plain the huge mass difference between neutrino and
the corresponding charged lepton (see, for example,
[25] and references therein), the most elegant explana-
tion is given by the so called see-saw mechanism [26].
In its original form it gives a naturally small Majorana
mass for left-handed neutrino, but after some modifica-
tions it is possible to produce small Dirac neutrino mass
also [27, 28]. In the latter case an existence of other
kinds of neutrinos, which are singlets under elec-
troweak gauge group, is postulated. Let us however
note that the universe with the mirror world is ideally
suited for see-saw-like mechanism resembling the one
described in [28]!

For simplicity, let us consider only one generation
and suppose that the gauge group is Gys X Gy with
conventional electroweak group Gy = SU(3) x SU(2) x
X U(1). Let us farther suppose that the known quarks
and leptons together with their mirror partners trans-
1997
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form as a (f, 1) @ (1, f') representation of Gy X Gys,
where f is the usual quark-lepton family:

f=(uJ(v)"RdR€m
d i\ % Jg

and f' is the same for mirror particles except that left
and right are interchanged, i.e., ' contains right dou-
blets and left singlets with regard to the mirror weak

isospin:
LA -

Not to discriminate neutrino, let us also assume that
there exist a right-handed neutrino v and its left-hand-
ed mirror partner v; , which are Gyg X Gy singlets.
Such particles naturally arise if, for example, Gyg X
X Gys is a low-energy remnant of SO(10) x SO(10)
grand unification.

If there exist some scalar field @, which is singlet
under Gy X Gy, then the following Yukawa coupling

is possible @(Vzv; + V; V), and if @ develops a non-
zero vacuum expectation value, this will result in vy — v,
mixing M(Vgv; + V;Vvg). Besides, ordinary elec-
troweak Higgs mechanism and its mirror partner will
lead to neutrino and mirror neutrino masses m(V, vg +
+ VgV + VgV, + V;Vp), where m is expected to be of
the order of the charged lepton mass of the same gener-

ation. Note that MP-symmetry guarantees the presence
of only one mass parameter.

Gys X Gyg symmetry is not affected by (@) # 0, so it
is natural to connect this vacuum expectation value to
some early stages of symmetry breaking in more full
theory (for example, SO(10) x SO(10) —= SU(5) x
X SU(5)). Therefore the expected value of M is
10'*-10' GeV, and m/M is really very small.

Thus we expect the following neutrino mass terms:

L, = M(Vgvy+V,vg) +
(1)
+m(V Ve + VgV, + VeV, +V,vp).
The mass eigenstates of (1) (physical neutrinos) are

V, = cosBv, + sinBv;,

Vi = cosBVg + sin@vy,= MP(V,), )

Vi = cosBv, —sinBv,,

Vg = cosOVy - sinOvy = MP(V}).
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Substituting (2) into (1), we immediately find that

tg(20) = —2r
and
L, = M+(\=f,¢\7}_+\=/}_\7R)+M_(\7k\7,_+\=u.\"’k), 3)
where

r = M, =

%(1 +J1+47,
- %(1 —J1+47%).

So we have a superheavy Dirac neutrino (V;, Vg).

Formulae (2) show that this is a rather bizarre object, its
left-handed part mostly inhabiting in the mirror world,
while right handed part prefers our ordinary world. Be-

sides, we have a ultralight Dirac neutrino (v, Vg ). Its
left-handed part v, is nearly our old nice neutrino from

a
M’
M_

B-decay, and right-handed part vy, is probably more
familiar for mirror physicists.

To summarize, the mirror world hypothesis of Lee
and Yang is very attractive. It not only restores the full
equivalence between left and right, but also can explain
why neutrino has incredibly small mass. It should be
mentioned that the idea of this work emerged while
reading the book [29].

Note added:

After this work was completed, the author became
aware of some relevant papers. The possibility of exact
parity conservation was rediscovered by Foot, Lew,
and Volkas in [30] and possible consequences, in par-
ticular for neutrino physics, were thoroughly investi-
gated in the subsequent publications [31]. The effect of
the mirror world on neutrino physics was also consid-
ered by Berezhiani and Mohapatra in their recent
work [32].

Author is grateful to V. De Alfaro for information
about massive compact halo objects.
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MACCA HEUTPUHO UM 3EPKAJILHAY BCEJIEHHASA
3. K. Canarajgze

CyliecTBOBaHHE 3€PKalbLHOrO MHPA C TOM XKe MHKPO(H3MKOM, KK B HALIEM MHPE, HO C MPOTHBONONOX-
HOW P-aCHMMETpPHENH HE TOJNILKO BOCCTAHAB/IHBAET MONHYIO 9KBHBAJEHTHOCTh MEXIY JIEBLIM M NPABLIM, HO
MOXET NPEJOCTABHTh ECTECTBEHHOE OO'bACHEHHE C MOMOILBIO SEe-Saw-MEXaHA3Ma, I0YEMY Macca HEMTPH-

HO TakK Mana.
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