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1 Introduction

Violation of the time reversal symmetry has been observed in Ky-decay only [fll, B], and
remains one of the greatest unsolved problems in the elementary particle physics. A lot
of attempts have been undertaken to observe this phenomenon experimentally in different
processes. However, those experiments have not been successful.

At the present time novel more precise experiments are actively discussed. Let us note
here the experiments with atom (molecule) and neutron spin precession in an electric field
due to interaction of the electric dipole moment (EDM) of atom (molecule) or neutron with
the field E B, @]. The experiments are discussing for observation of the polarization plane
rotation phenomena caused by the pseudo-Zeeman splitting of the atom (molecule) levels by
an external electric field E due to interaction W = —d_,: . E of the atom (molecule) EDM
d_a> with an electric field [5-9](this effect is similar to the magneto-optic Macaluso-Corbino
effect [[L0]).

It should be noted that the mentioned experiments use the possible existence of such
intrinsic quantum characteristic of an atom (molecule) as a static EDM. According to [T,
[32, [3] together with the EDM there is one more characteristic of atom (molecule) describing
its response to the external field effect - the T- and P-odd polarizability of atom (molecule)
BT, This polarizability differs from zero even if the EDM of an electron is equal to zero and
pseudo-Zeeman splitting of atom (molecule) levels is absent.

Both 87 and EDM yield to appearance of several new optical phenomena. Let us mention
two of them:

a). the T-odd photon birefringence effect [[4] (i.e effect when plane polarized photons
are converted to circular polarized ones and vice versa, this effect is similar to magneto-optic
birefringence Cotton-Mouton effect [L3])

b). the photon polarization plane rotation and circular dichroism in an optically ho-
mogeneous isotropic medium exposed to an electric field caused by the Stark mixing of
atom (molecule) levels [[6, [7]. This T-odd phenomenon is a kinematic analog of the well
known T-even phenomenon of Faraday effect of the photon polarization plane rotation in
the medium exposed to a magnetic field due to Van-Vleck mechanism. Similarly to the well
known P-odd T-even effect of light polarization plane rotation for which the intrinsic spin
spiral of atom is responsible [[§], this effect is caused by the atom magnetization appearing
under external electric field action. Moreover, according to [[[{], the magnetization of atom
appeariig) under action of static electric field causes the appearance of induced magnetic
field H,q( E') . The energy of interaction of atom magnetic moment Jz; with this field is
Wy = —Ji,- Hipg( E'). Therefore, the total splitting of atom levels is determined by energy
Wr = —d,
fringence effect) deal with the energy levels splitting is caused not only by d, interaction

E - T - Hmd(ﬁ). As a result, the effect of polarization plane rotation (bire-
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with electric field but by m(ﬁ) interaction with 7z;, too. It is easy to see, that even for
d_; = 0 the energy of splitting differs from zero and the T-odd effect of polarization plane
rotation and birefringence exist.

In that way the time reversal violating weak interactions yield to the appearance of di-
verse interesting optical phenomena. In the present paper the optical anisotropy of medium
caused by T-odd interactions of electrons and nuclei in atoms and molecules is investigated.
The expressions for T-odd polarizabilities of atoms (molecules) in external electric and mag-
netic fields are obtained. Magnitude of light polarization plane rotation and birefringence
effects are estimated. It is shown that investigation of optical anisotropy caused by T-odd
interactions can provide information about constants of T-odd weak interactions.

2 Tensor of dielectric permittivity of medium at presence of T,
P-odd weak interactions.

Let us consider the propagation of electromagnetic wave through the homogeneous isotropic
medium placed to the stationary electric and magnetic H fields. Tensor of dielectric
permittivity of medium ¢4, is a certain function of these fields

Eik = 5ik(wa ?; ﬁ; ﬁ);

. - .
where w is the frequency and k is the wave vector of the photon.
Tensor €;; can be presented as the sum

gir = € (w, 4 ﬁ ﬁ + % (w, ?, ﬁ, ﬁ),
even

where 5™ (w, k ﬁ ﬁ is the tensor of dielectric permittivity of medium in the absence

of P,T-odd 1nteract10ns and £%9(w, . E, H) is the term caused by the T,P-odd weak
interactions. Let us expand g;; into 1rredu01ble parts:

Eik = €00ik + Eif + Eifr (1)

where &;, is the Kronecker symbol, indices ¢, k = 1,2,3 correspond (x,y,2), €9 = 5 Y, &
is the scalar, €}, = %(ak + eri) — €00 is the symmetric tensor (with trace equal to zero),
€S = %(8,]@ — &) is the antisymmetric tensor of rank two.

An antisymmetric tensor of rank two can be represented (see, for example [[4]

a _ -
ik = ikl

where g is the axled vector dual to the antisymmetric tensor %, e, is the fully anti-
symmetrical unit tensor of rank three.

Tensors 5" (w, ?, ﬁ, ﬁ) and £%%(w, ?, ﬁ, ﬁ) can be written by way of ([]), too.

Tensor 5" (w, ? ﬁ ﬁ describes optical anysotropy of the media in external fields for
P, T-even world. Partlcularly, the symmetrical part of ;" is responsible for birefringence
effects caused by the external fields E and ﬁ (i.e. effects of Kerr and Cotton-Mouton) and
antisymmetrical part describes Faraday and Macaluso-Corbino effects.



Let us consider £9%¢(w, I ﬁ ﬁ Weak interactions are lower than electromagnetic

ones. Then, only hnear terms in the expansion of €29 over weak interaction constant should
be taken into consideration. Therefore 244 depends on P,T-odd scalar and tensor combina-
tions of vectors ﬁ Hand ¥ linearly:

godd  —  goddg, 4 85,3 + e gl = (2)
[Xipn (P2 TE) + Xip(W] 1E) + XP (77 at) )0, +

1
+XtT[§(”Ez'nHk +nuiner) — 5 (n_]%n )]+

- P - P - T
TUIXsprCikINEH] + X CikiTlyl T IXECikITVE

3
indices imply summation. Term, containing d;,, describes contribution of P,T-odd weak
interactions in the scalar part of dielectric polarisability, where x?,,,, determines contribution
of T,P-odd interactions, xZ, is responsible for T-odd, P-even interactions (this contribution
was first considered in [[9]), xI,; describes P-odd, T-even interactions. The second term in
(B), which is proportional to xI, is responsible for T,P-odd birefringence effect (predicted
in [@]) Terms proportional to tensor e; describes light polarisation plane rotation around
T gr (P-odd, T-even), around electric field direction 7' (P, T-odd) and around 7., (P-
odd, T- even). The latter is well known and actively studied phenomenon of polarisation
plane rotation and dichroism caused by P-odd T-even interactions [[§, B2, B3]. If spins of

atoms (molecules) are certainly oriented then additional contributions to €%%¢ can appear

(2.

For further consideration let us suppose that medium is optically deluted ( ;; —d; < 1).
Then the dielectric permittivity tensor &;; depends on the amplitude of elastic coherent
scattering of photon by atom (molecule) [, 2, L3

where ., = %,WE = %, Wy = % and gy = ﬁﬁzﬁh are the unit vectors, repeated

47rp
ik = Oik + Xik = Ok +

—5-Jir(0), (3)
where ;i is the polarizability tensor of a medium, p is the number of atoms (molecules) per
cm?, k is the photon wave number; f;x(0) is the tensor part of the zero angle amplitude of
elastic coherent scattering of a photon by an atom (molecule). Indices i = 1,2, 3 are referred
to coordinates x, ¥, z, respectively.

Similarly €;; tensor fi(0) can be expanded in irreducible parts:

2

fzk(o) _ even+fodd _feven+_ odd_
2
“"f”+—{ (Bepn (W 7H) + Bip(W W) + Bl (W )]0 + (4)
4 BTG i i) — 3 (2 )] +

3
. AP . oT
+ ZﬁsEH(fikmEHz + 18 €ipiny + ZﬁEeikmEz}

where ag is the tensor of dynamical polarizability of an atom (molecule) and quantities 3

are the dlnamlcal polarizabilities of an atom (molecule).
The amplitude of elastic coherent scattering of photon by atom (molecule) at zero angle
can be written as



f(0) = fir(0)e; ek

Here @ and @’ are the unit polarization vectors of initial and scattered photons.

The unit vectors describing the circular polarization of photons are: &, = —?L;?” for
the right and, &_ = % for the left circular polarization, where &, L €, , €y =
[T, % Fﬂ are the unit polarization vectors of a linearly polarized photon, [€'; x €] = 7,
— T4 —e_ e+
€1 =— + 6] , €2 = — -1; 2
The refractive index is as follows:
-~ 2mp
N = Ny, = 1+?fik- (5)

Suppose H = 0and an electromagnetic wave propagates through a gas along the electric
field direction. The refractive indices for the right N, and for the left N_ circular
polarized photons can be written as:

2 2
No =1+ a0 = R o w5 B sl

where f1(0)(f-(0)) is the zero angle amplitude of the elastic coherent scattering of the right
(left) circular polarized photon by an atom (molecule).

Let photons with the linear polarization &; = —?J\ff;e_‘) fall in a gas. The polarization
vector of a photon in a gas €/ can be written as:
e, . e .
?)/1 - _ esz_,_L + 6zlcN,L — (7)

V2 V2
. 1 1
—  e3ik(N4+N-)L {?1 oS §k(N+ — N )L — €ysin §k(N+ - N)L} ,

where L is the photon propagation length in a medium.
As one can see, the photon polarization plane rotates in a gas. The angle of rotation ¥ is

9 = ShRe(N, = N)L="LRe[f,(0) - _(0)] L = (8)

27 pw
= —=FRe [BF + B(7 )] L,

where ReN. is the real part of N.. It should be noted that ¥ > 0 corresponds to the right
rotation of the light polarization plane and 9 < 0 corresponds to the left one, where the
right (positive) rotation is recording by the light observer as the clockwise one.

In accordance with (§) the T-odd interaction results in the photon polarization plane
rotation around the electric field & direction. The angle of rotation is proportional to the
polarizability 8L and the (7 EWV) correlation. Together with the T-odd effect there is the
well knownT-even P-odd polarization plane rotation phenomenon [[§, PZ, PJ] determining
by the polarizability 8 and being independent on the (7 7 .,) correlation. The T-odd
rotation dependence on the electric field E orientation with respect to the 7
allows one to distinguish T-odd and T-even P-odd phenomena experimentally.

- direction



The refractive index N, (N_) has both real and imaginary parts. The imaginary part
of the refractive index (ImNy ~ ImBL(T x 7 ,)) is responsible for the T-reversal violating
circular dichroism. Due to this process the linearly polarized photon takes circular polar-
ization. The sign of the circular polarization depends on the sign of the scalar production
(WgE™,) that allows us to separate T-odd circular dichroism from P-odd T-even circular
dichroism. The last one is proportional to Imj3’.

3 T, P-odd polarisabilities of atoms and molecules.

In order to estimate the magnitude of the effects one should obtain the T-odd polarizability
tensor o and T-odd polarizabilities of atom (molecule) or (that is actually the same, see
(AB)) the T-odd part of the amplitude f(0) of elastic coherent scattering of a photon by an
atom (molecule).

According to quantum electrodynamics the elastic coherent scattering at zero angle can
be considered as the succession_> of two processes: the first one is the absorption of the initial
photon with the momentum £ and the transition of the atom (molecule) from the initial
state | Ng) with the energy Ey, to an intermediate state |F') with an energy Ey; the second
one is the transition of the atom (molecule) from the state |F') to the final state |F') = |Ny)
and irradiation of the photon with the momentum £'= k.

Let H,4 be the atom (molecule) Hamiltonian considering the weak interaction between
electrons and nucleus and the electromagnetic interaction of an atom (molecule) with the
external electric £ and magnetic H fields. It defines the system of eigenfunctions |F') and
eigenvalues Ep = EF(Fiﬁ)

Hy|F) = Ep|F), (9)

F—set of quantum numbers describing the state |F').

According to [[7 T-odd effects in a gas exposed to external electric and magnetic fields are
manifested even in electric dipole approximation in contrast to P-odd T-even phenomenon
of light polarization plane rotation. Polarizability correspondent to the latter one is propor-
tional to product of matrix elements of electric dipole and magnetic dipole transitions.

The matrix element of the process determining the scattering amplitude in the forward
direction in the dipole approximation is given by [R(]:

(No| d @ |F)(F| d@|No) | (No| 4@ |F)(F| d @ |No)
WNO:Z{ Er — Eng — T N Er — En, 1 i " o)

F

where ? is the electric dipole transition operator, w is the photon frequency, |Ny) is the
wave function of the initial state of atom (molecule) with the energy Ey,, |F') is the wave
function of an intermediate state with an energy Ep.

For gases the energy of atom Er is composed from the internal energy of atom, its kinetic
energy and energy of atom interaction with external fields. It is very important to note that
in addition to interaction of atom with fields E and it undergoes influence caused by
coherent scattering of an atom by other atoms of gas. Potential energy of this interaction

[L1. 7] is

A h?

Up =
F MA

p fF(77 7)7




where p is the density of atoms of gas, M, is the mass of atom, fr(3¢, 37) is the amplitude
of forward elastic coherent scattering of the atom being in the state |F') by atom of gas (if
atoms are identical then exchange scattering also contributes in this amplitude). Energy
Ur depends on the atom state |F) and orientation of the total moment of an atom in this
state. Thus it is fundamentally important to consider Ur in detail calculation because it can
contribute in the effects discussed.

Motion of gas atoms yields to Doppler shift of levels and in order to get the final expres-
sions the equation (§) should be averaged over atom momenta distribution in gas.Hereinafter
we will not draw explitly this routine procedure [[§]

It should be reminded that the atom (molecule) exited levels are quasistationary i.e. Ep
has the imaginary part and everywhere EF should be presented as (Ep — %FF) , where Ep
is the atom (molecule) level energy, 'y is the level width.

The matrix element ([[J) can be written as:

My, = af}i"efek, (11)

where a,° is the tensor of dynamical polarizability of an atom (molecule)

ol =3 (Nold: | F) (F| di [ No) | (Nol di | F) (]| di | No) 12)
L\ By — Ex, — I Er — Eny + T

In general case atoms are distributed to the levels of ground state /Ny with the probability
P(Ny). Therefore, af}? should be averaged over all states Ng. As a result, the polarizability
can be written

Qi = ZP(NO)O(ZZZO (13)
No

The tensor a;; can be expanded in the irreducible parts as
Qik = Qi + Qjy + Ay, (14)

where oy = %Zl ; is the scalar, of), = %(aik + ag;)— ol is the symmetric tensor of rank
two, aff, = %(aik — ;) is the antisymmetric tensor of rank two,

2 wno (No| di |F) (F'| di | No)
ay = =y P(Ny) 2
0 3 ;0 0 ; M(Wr, — w?)

ol = ZP(NO)ZwNoKNoIdiIF) (Fl di [No) + (Nol di |[F) {F i [No)] (15)

7 h(W%NO — w?)

2 2
wFNo w

Y EZP(N)Z (Noldi |F) (F| di |No) — (No| di |F) (F'| di | No)
ik A 0

Ep—Ey,
where wrpy, = —C.

Let atoms (molecules) be nonpolarized. The antisymmetric part of polarizability o, is
equal to zero in the absence of T- and P- odd interactions. It should be reminded that
according to the above for the P-odd and T-even interactions the antisymmetric part of
polarizability differs from zero only while considering both the electric and magnetic dipole

transitions [[[§].




As it was shown above, scalar, symmetric and antisymmetric parts of €;; (and, therefore,a;y)
describes some new T- and P-odd effects. For example, the effect of polarisation plane ro-
tation is described by the antisymmetric part «f, of tensor of dynamical polarizability of
atom (molecule) ax . We can evaluate af, and, as a result, obtain the expression for 5% b
the following way. According to (4,6) the magnitude of the T-odd effect is determined by
the polarizability A% or (that is actually the same, see (§)) by the amplitude f1(0) of elastic
coherent scattering of a photon by an atom (molecule). If 7y || 7, the amplitude f1(0) in
the dipole approximation can be written as fi = IF"C’—;ﬂg. As a result, in order to obtain the
amplitude fi, the matrix element ([[0[T) for photon polarization states € = & . should
be found.

The electric dipole transition operator7 can be written in the form:

d=d, @, +d_e_+d, 77, (16)

with ?Jr — e ’d’"‘ 7_ = d’”“d?’ Let photon polarization state & = ¢ . Using ([0,L1)
we can present the polarlzablhty BL as follows:

_ O_JZP(NU)Z{<NO|d |E) (Fldy [No) = (Noldy |F) (F|d |N0>} (17)
- :

2 2
wFNO w

For further analysis the more detailed expressions for atom (molecule) wave functions
are necessary. The weak interaction constant is very small. Therefore, we can use the
perturbation theory. Let |f, ') be the wave function of an atom (molecule) interacting with
an electric field E in the absence of weak interaction . Switch on weak interaction (V,, # 0).
According to the perturbation theory [RO] the wave function |F’) can be written in this case

z)

It should be mentioned that both numerator and denominator of ([7) contain V,,. Suppose
Vi to be small one can represent the total polarizability A% as the sum of two terms

<n,ﬁ‘ V.

Ef — B,

F) =, f> + nﬁ> (18)

ﬂT mix + ﬁsplzt? (19)

where

mm:_ ZPNU Z ! w2; (20)

Wiy —

Eno—E;

{we[{«mm|ff’><ff|d+|zf>—<nof|d+|ff><ff|d|zf*>}<zf*|vw|nof>] .

L 2ref( Bla YT Vol ) (B i o ) <nof|d+|m*><lf|vw|ff><ff|d-|nof>]}

E;-E
and
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Wiy, — W

sTplz't = hZP ;
— Y3 p() Z{ (ol d_|1) f|d+lno>—<no|d+|f><f|d—|no>}
h

(Wrng — w) (W, + w)

{no|d /) f|d+|no>—<no|d+|f><f|d—|no)}

(wrny — w)

~ by puy { D Ul ) el de D U}
2n

Ew(E) - Ex,(E)

WENy = 7 )

It should be reminded that according to all the above (see also section 3) energy levels Er and
Ey, contain shifts caused by interaction of electric dipole moment of the level with electric
field £ and magnetic moment of the level with T-odd induced magnetic field ﬁmd(ﬁ)

It should be noted that radial parts of the atom wave functions are real [20, PT], therefore
the matrix elements of operators dy are real too. As a result, the P-odd T-even part of the
interaction V,, does not contribute to 3%, because the P-odd T-even matrix elements of
V, are imaginary [[§]. At the same time, the T- and P-odd matrix elements of V,, are real
[C§], therefore, the polarizability 52, # 0. It should be mentioned that in the absence of
electrlc field ( = 0) the polarizability fL = 0 and, therefore, the phenomenon of the
photon polarization plane rotation is absent.

Really, the electric field E mixes the opposite parity levels of the atom . The atom levels
have the fixed parity at E = 0. The operators d4 and V,, change the parity of the atom
states. As a result, the parity of the final state |Nj) = d, d_ V,, |Ng) appears to be opposite
to the parity of the initial state |/Vg). But the initial and final states in the expression for
BL are the same. Therefore 5L can not differ from zero at E =o.

It should be emphasized once again that polarizability 3% differs from zero even if EDM
of electron is equal to zero. The interaction of electron EDM with electric field gives only
part of contribution to the total polarizability of atom (molecule). The new effect we discuss
is caused by the Stark mixing of atom (molecule) levels and weak T- and P-odd interaction
of electrons with nucleus (and with each other).

Therefore, according to ([[9) the total angle of polarization plane rotation includes two
terms ¥ = Uiz + Usprir, where 0,5, ~ B, 1s caused by the considered above effect similar
to Van Vleck that and ¥y ~ ﬁg;lit is caused by the atom levels splitting both in electric

field E and magnetic field ﬁmd(ﬁ) The contributions given by 81, and ], can be

distinguished by studying the frequency dependence of ¥ = ¥(w). According to (BU,2T)

D iz ~ whereas U ~ on 1_w)2. S0, Uspiir decreases faster then 9, with the grows
0

of frequency tuning out from resonance.
Let us now estimate the magnitude of the effect of the T-odd photon plane rotation due
to BL... According to the analysis [T, [3, [3], based on the calculations of the value of T-

and P-noninvariant interactions given by [L§, the ratio S ? <10%+10"*, where (VI') is

T and P-odd matrix element, <Vu1f > is P-odd T-even matrix element.
The P-odd T-even polarizability 57 is proportional to the product of electric and mag—
netic dipole matrix elements and (V;F): X ~ (d) () (V.I') [[§]. At the same time 5L,

miz

Wfng—Ww



<d(ﬁ)> <d(ﬁ)> (VI). As a result,
v, (ACE) (d(E)) (W)

mixr

ey (d) () (V")
Let us study the T-odd phenomena of the photon polarization plane rotation in an electric
field E for the transition ng — f between the levels ng and f which have the same parity

at E = 0. The matrix element <n0, ﬁ‘ dy > does not equal to zero only if E # 0

(22)

. Let the energy of interaction of an atom with an electric field, Vy = — 7? be much
smaller than the spacing A of the energy levels, which are mixed by the field E. Then one

)

R ] (23)

can use the perturbation theory for the wave functions

where 2z || E. Asa result, the matrix element <n0, ﬁ‘ dy
<’I’L0,ﬁ‘di f7ﬁ> - (24)
Iy (no| dy Jm) {m| d. | f)

fs ﬁ> can be rewritten as:

= +
— Ey—E,
(no| d. |p) (pld |f)
2 EE(E
p
One can see that the matrix element <d > (d) in this case. The other matrix

elements in (P{) can be evaluated at E =0. This glves the estimate as follows:

e (@) S vy (25)

and, consequently, ratio () can be written as
T, {d) () B (v
By (d) () (Vi)

Taking into account that the matrix element (u) ~ a(d) [0, BT, where v = 5= is the fine
structure constant, equation () can be reduced to:

mia . -1{4E) (Vi)

(26)

N (7 )
For the case @ ~ 1, ratio (B1) gives
T VT
mr - a—1< ’LU> < 10—1 = 10—2 (28)

By (Vi) ™~
Such condition can be realized, for example, for exited states of atoms and for two-atom
molecules (TIF, BiS, HgF) which have a pair of nearly degenerate opposite parity states.

T
As one can see, the ratio e é”,iz is two orders larger as compared with the simple estimation

(i) 3 . 10-4
Y < 10~ 10~* due to the fact that AT

w

transitions , Whlle BP is determined by both the electric and magnetic dipole transitions.

is determined by only the electric dipole

miT



4 The possibility to observe the time-reversal violating optical phe-
nomena experimentally.

The possibility to observe the time-reversal violating optical phenomena experimentally can
be discussed now. In accordance with (6) the angle of the T-odd rotation in electric field
can be evaluated as follows:

_2mpw r L (dE) (VD)
T T mix P 1 w P

According to the experimental data [B3, B3| being well consistent with calculations [I§] the
typical value of 9" is ¥ ~ 107%rad (for the length L being equal to the several absorption
lengths of the light propagating through a gas L,).

For the electric field E ~ 104V ¢! the parameter {42 > can be estimated as < L) 1075

for Cs, T1 and 22 ~ 104 for Yb and lead. Therefore, one can obtain 9%, ~ 10 YBrad for
Cs, Tl and 9% .~ 107"?rad for Yb and lead. For the two-atom molecules (TIF, BiS, HgF)
the angle 97 . can be larger, because they have a pair of degenerate opposite parity states.

It should be noted that the classical up-to-date experimental techniques allow to measure
angles of light polarization plane rotation up to 4,310 rad [24].

A way to increase the rotation angle 97 is to increase the length L of the path of a photon
inside a medium (see (6)). It can be done, for example, by placing a medium in a resonator
or inside a laser gyroscope. This becomes possible due to the fact that in contrast with the
phenomenon of P-odd rotation of the polarization plane of photon the T-odd rotation in
an electric field is accumulated while photon is moving both in the forward and backward
directions.

For the first view the re-reflection of the wave in resonator can not provide the significant
increase of the photon path length L in comparison with the absorption length L, because
of the absorption of photons in a medium. Nevertheless this difficulty can be overcome when
the part of resonator is filled by the amplifying medium (for example, inverse medium).
As a result, the electromagnetic wave being absorbed by the investigated gas is coherently
amplified in the amplifier and then is refracted to the gas again. Consequently, under the
ideal conditions the light pulse can exist in such resonator-amplifier for arbitrarily long time.
And the peculiar ”photon trap”, in which photon polarisation plane rotates, appears (Fig.[l]).
The angle of rotation 97 = Q7 -¢, where Q7 is the frequency of the photon polarization plane
rotation around the direction, ¢ is the time of electromagnetlc wave being in a "trap”.
It is easy to find the frequency QT from (6): QT = —c = 2rpwBL. From the estimates
of ¥ it is evident that for 97 ~ 10712 rad (Lead, Yb) the frequency Q7 appears to be
Qr = %c ~ 107* sec™!. Therefore ¥} ~ 107*¢ and for the time ¢ of about 3 hours the angle
Y] becomes ~ 1 rad. The similar estimates for the atoms Cs, Tl (97 ~ 107!3 rad) give that
for the same time the angle 97 ~ 107! rad.

The time ¢ is limited, in particular, by spontaneous radiation of photons in an amplifier
that gradually leads to the depolarization of photon gas in resonator. Surely, it is the ideal
picture, but here is the way to further increase of the experiment sensitivity. The achieved
sensitivity in measurements of phase incursion in laser gyroscope makes possible to observe
the effect in laser gyroscope, too. Laser interferometers used as gravitational wave detectors
also can provide neccessary sensitivity.

Requiring to measure rotation angle ~10~%rad in "photon trap” and taking into consid-
eration that existing technique allows to measure much less angles one can expect to observe
effect of the order % ~ 1072 =101,
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Figure 1. Polarization plane of photons in a trap rotates in time around the electric field
direction.

All the estimations discussed above for the photon polarisation plane rotation phenomena
can be fully refered to birefringence effect which is described by the symmetrical part of T-
odd polarisability tensor. Two effects contribute both in polarisation plane rotation and
birefringence phenomena. They are:

1. splitting of atom (molecule) levels

2. mixing of ground state and opposite parity states in external fields

Birefringence effect appears when photon moves orthogonally to the electric and magnetic
fields. The magnitude of effect is proportional to the correlation (ﬁ ). Thus, one can
distinguish the T-odd birefringence effect against a background of T-even one by changing
the direction of E with respect to direction of H .

For birefringence effect it should be mentioned that change of polarisation type occurs
in ”photon trap” in time: circular polarisation is converted into linear one, then linear
polarisation is converted into circular one and so on (see Fig. ()

Suppose effects of polarization plane rotation and birefringence be caused only by atom
EDM one can estimate the possible sensitivity of EDM measurement in such experiments.
Suppose we will measure rotation angle with sensitivity about 10~%rad/hour (degree of
circular polarisation in the birefringence effect § ~107% per/hour). Rotation angle is 69 =
k Re(Ny — N_)L =k Re(N, — N_)cT, where T is the observation time (degree of circular
polarisation at convertation from linear polarisation to circular that § = k Re(N, — N, )L =
k Re(N, — N )cT ), here N, is the index of refraction of photon with linear polarization
parallel to the electric field and N, is that perpendicular to the electric field. Representing
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Figure 2: Owing to birefringence effect in ”photon trap” linear polarisation is converted into
circular one and vice versa

69 in the form

pcT 2T d, E

00 = 2r  hI?

(30)

where p is the atoms density, I, is the level radiation width, I' is the atom level width
(including Doppler widening), E is the electric field strength one can estimate d, as

2mhI? o 10—33
d, = méﬂ ~ 107> (31)
(here A\ ~ 107%cm, E = 10*°CGSE, p = 10'7 atoms/cm?®, 69 ~ 107 T = 1 hour =
3,6 - 103 sec). The similar estimations can be achieved at analysis of birefringence effect.

For comparison it is interesting to note that the best expected EDM measurement limit
in recent publications [f] is about d, &~ 10~?%¢ , so the advantages of the proposed method
becomes evident.

All the said can be applied not only for the optical range but for the radio frequency
range as well where the observation of the mentioned phenomenon is also possible by the
use of the mentioned atoms and molecules [[[J].

Thus, we have shown that the T-odd and P-odd phenomena of photon polarization plane
rotation and circular dichroism in an electric field are expected to be observable experimen-
tally.
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Conclusion

Analysis of the tensor of dielectric permittivity of medium ¢;, in presence of P- and T-odd
interactions results in conclusion of existence of several interesting T-noninvariant optical
gyrotropy phenomena. Despite they are small,the use of photon ”trap” allow to expect to
make possible the experimental observation that let us obtain the important data on the
value of T-odd weak interactions.
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