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The simple way to calculate the factors of electron
electric-dipole moment enhancement in heavy atoms is pre-
s=ented. The .dipole moments of alkalis and thallium are fo-

und.



The possibility of electron electric =dipole moment
(TDM) enhancement in atoms for hydrogen example was first
pointed out by Salpeter /I/. Later Sandars, Stermheimer
/2,3/ and Ignatovich /4/ using numerical calculation found
dipole moments of alkalis and thallium, It was found that
in heavy atoms electron FDM can be enhanced more than 100
times, Tn the preaant-paPEr the expressions for EDM of
alkalis and thallium dependent only on the quantities

known experimentally are obtained, Comparison of the result
shows that for alkalis our formula agrees with numerical

coﬁputationﬁ in /2/ and /4/.But our results for thallium
disagrees with that obtained in /3/., The roobs of the dis-
agreement are discussed below,

Hamiltonian of electron interaction with electric
field is of the form /I/

H=- el - Jeﬁfg (L)

where T is the electric field, U is the potential,d, is DM
of electrnn,_ﬁ,éi are the Dirac matrices, Thanks to the
electron T¥DM interaction with the total electric field of

an atom wave function of the ground state mixes with the
gtates of the opposite parity and of the same total angular

—_—
momentum (becouse the perturbation operator ﬁgﬁZE

is pseudoscalar)

fo'>=0> — 4, KZ —~——Eff__""£ﬁ [x) (2)
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where V=2, jg{éi' E; (the sum over i is performed
t=f

over all atom electromns), E,, B, are the energies of the



ground and excited states, The resulting total atomic dipole

moment is equal to
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Tere. we use the identityf E = f‘[gﬁ H,,] /5,6/. Opera-
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tor of interaction ?fz(jﬂ-J);f'Ef falls off rapidly as
ﬂ'flggﬁg ),and the

/
the distance from nucleus increases ( V

region ~-§; gives the main contribution to its matrix

element I: a is the Bohr I‘B_{iiuﬂ| & is the{:lucleus Chiﬂ‘i..;(.?:]-

As at this distances the field of the nucleus is not shi-
elded ( U= ££ ), the solutions of the single-particle Di-
3 .

rac equation in this region are relativistic Coulomb fun-
ctions corresponding to energy T2 0 ( see,for example,/7/ ).
Vormalization factor in théix functions is determined by com-
parison witﬁ non-relativistic guasi-classical solution which
is valid at the large distances from a nucleus /8/, The hy-
compiitend iy thie fantlocns,
perfine structure ™ agrees with the experimental value within
some percent, Single-particle matrix element of operator V
obtained using thse function{ is equal to (h=C= 1)
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where J = A'.'J’*,g")i"fzﬂz , & 1is the Bohr radius, N,

}‘1:: is the effective principal quantum number ( E=- ;’: )
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that the factor R 41s large when the charge of the

of the ground state and excited state , J ,1 are the to-
tal and orbital angular momenta of an electron, Single-

particle matrix element of radius-vector are expressed

through radial integral r = TK:, 2, 22l 7
; a: e = :
{3, %, t=r-§|2[3 5%, (=7 £ =535 Y (5)

The absolute value of r,  one can obtained from the ex-
perimental oscillator stredth data, Sign of =x, is defined
from the Bates-Damgaard tables /9/. It is necessary to take
into account that in /9/ radial wave functions used for
calculation r,  have been taken positive at- r - oo pbut
in our calculation their signs must be defined by the con-
jnctions with Coulomb solution /9/, Using (3), (4),(5) and
expressing atom wave function as the products of single-
particle functions we could calculate EDM of an atom, But
really it is enough to take into account in the sum (3)
only excitations of the electrons from the incomplete shell,

(for example in Cs the contribution of the excitations of

. 5s ‘and S5p electrons is not larger than some percents),

Thus the final result for alkalias is of the form

R it A2 C »
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where the sum is performed over excitations of the external

electron, and it is enough wi‘h some percents accuracy to

take into account only one term, corresponding to mixine
oy T 5

wrg =1 3P e e r 2
1th resragh level. One ~an see “rom the exXpression (6)

nucle-
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us is large and the total angular momentum is small ( dA“’
(5:¥J¢ )oFor example, in the ground state of cesium

( 2255, 3= & ) R, =I38. This value agrees with R, =

I3% and I3I obtained earlier in tha works /2,4/. The value

R comparable to %T is obtained also for the lowest metas-

table state with s-electron ( 3P2 ) in xemoa ( R,~I20; see

also /I2a/),

T.et us now calculate TDM of thallium, Its ground
state 6s°6p, can be mixed with both states with excited -
p=-electron (Gainsﬁk ) and with excited s-electron (6s6p= ),
and their contributions to EDM prove to be approximately
equal, One can take into account mixing with 6s£ns& using
formula (6), But for calculation of s-electron excitations
it is needed to know the "true" wave functions of the Esﬁpz
states with total angular momentum T::}. Acgording to work
JI0/S the expantion of this functions in terms of the fune

ctions with definite total spin and total orbital angular
I
momentum is of the fcrm
(m=76880)=0, 4#4 Sy, +0,8% F =0, 056 P

(F=66960)=0, 846 ‘8, =0,439 P& -0,302 1} (7)
(¥=45220)=0,295 u,-a 087 P +0,952%p

) T thank 7V,N,Novikov and I.B.Khriplovich who have placed

at my disposal thelr calculation of ﬁﬁﬂpa states in thallium,

i et

=L counted off the ground

where T is the energy in cm
state,Then expressing wave functions of the ground and exci-
ted states as the sum of products of the single-particle

functions and using (3),(4) and (5),find
d,

)
"ﬁ% ﬁﬁ

R ~R(6p—ns)+R(6s—=6p) T ~-I188-I183Y =370 (8)

T =

Wote, that in the pround state of thallium the proper di-
pole moment of the electron is directed oppositely to ﬁfgoo
(% C*ff.g g{>___ - %Lcﬁe). The experimental value of d,, 18
51'312,4}-IG"EI
(=3,5%6,5)- 10

and 4 _=(0,741,5)+T0

e.cn /TT/,hence for d, we obtain d =

-24 -4

e.cm, It 18 comparable to fd <: 570 2. Gl
2*& em obtained in works /I2,I2a/ [rom
measurements on cesium and xenon EDM,

The numerical caleulation of thallium FIM has been
performed earlier in work /3/., However in this work contri-
bution of mixing with ESEPE states has not been taken into
account, Besides that, the contribultion o Linglo-narticla
eveications presented in /3/ is four times larger than one
obtained in our work., The reason of this difference could
be on our mind the following, Tn papers /2,3,4/ authors

have used Sternheimer equationgj /T3/

(H=7_) [p>= Zk ke ><xjz[o> = z[o> (9).

2) fme can obtain tThis equation also "multiplying" the

equation for electron Green funection G=_ 5" U;Ej%%i
by zf[o)',.
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vhere |[p’ = f; E, —E, , H is unperturbed Hamil-

tonian of the electron (a1 atomic elec—
tric field, Then single-particle function |[p> obtained
from this equation (numerically) is used to calculute d,.
However, if [o> and |k > are single-particle electron
functions in the self=- consistent field,functions |k .

form a complete set only if the sum |p> contains transi=-
tions to occupied levels really unexisting, in particular

to 6s 5}_ As 6s, 1level is in the same shell that 6p, ,

4
their ;ixing would be the strongest one, It is the reason,
on our mind,that Ry, 1is so large in the work /3/. The
well known example when analogous situation appears,is the
¢alculation of the oscillator stregﬁh sum /I4,15/. Becouse
of theoretic oscillator streﬁ%h sum for transitions from
the zroﬁnﬂfétate with 1=I to 1=0 includes really unexisted
vransitions to occupied levels, it has an opposite sign than
experimental one /I5/, Wote that for alkalis transitions

to the occupied states change the result quite a little
becouse the transition inside shell ns->np really exists

in this case and eontribution of the mixing with other

shells is small (for example, in Cs transition 6s+7p

LS

gives 2. Gs->6p ),

In conclusion dwell on the question about influence

of the electron core on the EDM created by valence electrons, &

————
i i,

3) mhis problem is absent if o) and Ik}- are the
total antisymmetric atomic wave functions,but the equati-

on (9) will not be single-particle one in this case,

Then interasting with external electric field,the core is
polarized by i+ and changes the field acting on the valence
electrons. However,we have taken into account the considerable

part of this effect already using the radial matrix elements

obtained from the experiment. The point is that when the
photon frequency is small in comparison to frequency of the
{nner electrons, the polarizability of the core is the came
es in the constant external field. Infthe alkalis radial mat=
rix element can be obtained also from the experimental data
of atomic polarizsbility and its value is found approxima-
tely the same /16/.

T thank I.B.Khriplovich attracted my attention to the
present work and helped %o perform it, V.lW.Novikov and Os«T%

aushkov for the useful discussiocns.
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