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Abestr»ract

Us the limit on an electric dipole moment (edm)} of the
1291{9 a:::-i he bounds on constants of T-odd eleé&tron-nucleon
interaction (< ‘1"?'0'6 GF) and nucleon-nmicleon interaction

(< Gc)as well es on edm of a proton{|dpl< 4-70"*"e-e») and
& neutron (ldn| < - 10°?" .o ) are obtained.
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Although the CP-invariance violation was discovered
many years aga[ the decays of neutral K -mesons still remain
the only physical phenomeéena where this effect was observed.
This explains a great interest to the search for the electric
dipole moment (edm) of elementary particles and atomic systems,
one more possible manifestation ¢f the T - and CP-invariance
violation. The bounds obtained (see e.g. [ 3,4] ) have reduced
drastically the class of possible models of the T=-violation.

The edm of the '22Xe atom has been measured recently with
e very small statistical errori/]

A(Xe)=(-032 1.1)- 1072 ¢.m i

€ 1ig a proton charge. As it is shown below this result
leads to a lot of kmew bounds on parameters of T-odd interac-
tion.

To begin with we consider the electron-nucleon tensor-
~-pseudotensor interaction

gé@: Eﬁ@p?ﬂﬁﬁﬂyﬁ (2)

where ¥» and Ye are the nucleon and electron spinors, G
is the Permi constant, (r is a parameter measuring the
strength of this interaction. At the limit of an infinitely
heavy nucleon the interaction (2) leads to the following Ha-
miltonian of an electron-nucleus interactionfsee ¢.4.[5])!
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where 1 4is the nuclear spin, G=2$ , €387 apa 43-1}
are average spins of protons and neutrons in a nucleus , ¢(%)
is normalized density of spin-bearing nucleons ffar V=1 .
’ The result of a calculation of the atomic edm dependa very
slightly on the concrete choice of ¢(¥) (see [6] ). We take




P(T) _coinciding with the charge density.

== “
The < Cn) and £Cp > wvalues for 12970 one cen estima-

te as follows. In the frame of s shell model the 123
spin is dye to an unpsired neutron in the 35&_ -gtate, i.e.
<cw» = 1/T | However, the value of magnetic moment of

12919 { M= Ha = ~1+91 nuclesr magneton) produced in this
way consi&emhiy differs from the experimental one < E129J[a} =
= =0.77. The possible explanation can be connected with the
fact thet the megnetic moment is rather sensitive to admixture
of proton configursetions with an unpaired spin because the
proton magnetic moment is large ( 4 = 2.79 ) and of the
other sign than the neutron one. This circumstance makes it
possible to evaluate (c?p} « The difference between nuc-
lear and neutron magnetic moments can te wriitten as follows:

Fe nuclear

A= 2 a5yt SpaE 3 + Aot Spa> + < €pgd (4)

SP;‘ t Ina t Epet+ Enz = Is ::z-i -
If- we neglect the contribution of spin-orbit interection into
the mixing of configuration then 5,1_; * 5,;3 -'j": 3 A E,’:,, 5 é’; =
and <€/ ~ LKL =0 Therefore from eqg. (4) we find

ﬂj"‘:’ - + ; =
.f'"\g - ‘(‘/GPI;):I{"” ; “{-.. 6!'?3;):[{" ' (5)

Let us pay aitention to the large coefficient before {'_Sp;>
in eqs {4) ( 2/ &at [ #all= 2% ). Probably it reans that the

accuracy of the definition of < & yz> is not bad, It is inte-
o |
resting +that for eClp

re is an unpaired proton the enalogous consideration leads toc a

quite similar result [7] :
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The interaction {(3) leads to the mizing of atomic states
of opposite parity and induces an edm ¢f the atom. The calcu-
lation of the atomic edm was carried out with the aid of rela-

tivietic Hartree-Fock method. The interaction Hy is taken

, 205 :
Tl end =771 where ina 354,  state thes

into account in one-particle electron erbitels ( ¥W— Vid¥ ,
(H-E)d¥ =—Hr ¥ ; gee calculatiovns nf spatial psrity
violation in Ref. [6]).

For the estimation of ealculation accuracy we find out
the xenon polarizability by means of the analogous method (in
this case (H-E)d¥ =+ ¢ "’f’-{f ). The calculated value

K = 26.9¢ proves to be surprisingly clése to the experi-
mental value X/ Kegl= Z ?’-dfg ‘which was obtained by means of
e xenon refrection index [ 8] with the photon frequency correc-
tion. s

The calculation of the xenon edm induced by interaction

{3) gives:
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-

(7)
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Comparing (7) with the experimental value (1) one obtaines

Rt dinp= (oFta)io’ (8)

T
&
This result disagrees with the 1imit | &5 | £ fﬂ?*ﬁ chteined in
BRef [ 1] with the use of Martensson-FPendrill calculations which
were ag it gseems carried ocut in the shell model of the nucleus.
Barlier by means of the measurement of linear stark shift in

T1¥ molecule the bounds C7p = (6 & 9.}*10'"5 were obteined [ 9],
With (6) taken intoc account it should .be wiitten down in the

form

"‘:"—5 [':Tp'*':,f‘r- :tff'fg)'f{'} ig}.

This bounds ara weaker than {(8) and

correspond to another combination of constants.

An etomic edm can appear also due o ususl electromasgne-
tic interaction of electrons and T-odd nuclear multipoles. The
simpleat among them is a nuclear edm.. Howewver, when the neut-
ral-atom is congidered as = ayatem of point=like particlea with
Goulomb interaction ite total dipole moment.vanishes despite of



the presence of a nuclear edm, by virtue of the well-known
Schiff theorem [10]. Teking into account the finite size of the
nucleus the following form of T-odd electrostatic interaction
can be obtained (see e.g. EI1, 5,1@: ;

Hd=-?.ﬂ‘€5ﬁ‘3f‘?} - (10)

The coefficient (! which we shall call Schiff moment can ari-
ses due to edm of a nucleon or due to T-odd nuclear forces. In
eq. (10) we use the 1limit R, = (O ( P+ is a nuclear aize).
Effect of finite nuclear size is taken into sccount in (8] only
(R~ f} } » Strictly speaking, for a relativistic electron
the approximation K, =0 cennot be applied because of wave-
function divergency at 7Ty, . It can be removed by simple
substitution O(¥)~ P(7) . The corrections arising for the
more accurate calculations are small (~ _1;-.'_1’ ~2 1) «+ The
atomic edm induced by interaction (10) is

d(ﬂl(ﬁ?ixf) a7 <. fﬂ'ﬁ

i €om (11)

Comparing (11) with experimental value (1) we find
R=0-124)- 107 ¢ 3ym3 (12)

Consider at first the case of ( caused by mucleon edm. In the
frame of the shell model for the J § -neutron we have got
[11,5]

Q= 2 (<v>-<23>) (13)

Aa is a neutron dipole moment, -:f"f'g!? and <7’ are the
mean squares of radii of muclear charge distridutien and of
probability distribution for unpaired 5 4 =nmeutron. Calculati-
on with Saxon-Woods potential gives <v75>-. Ti" >=355s4 Com-
paring (13) end (12) we find _

| dn| < I-i_‘:?'”c‘c:m ' (14)
This bound is significantly weaker than result of direct measu-
rement of the neutronm edm [4]: |oln| <5 107%%, geverthneless,

AR

even 1f on = 0, the Schiff moment can arise due to the proton
edm. Using the estimation (5) of the average spin of protons
in 129}[& nucleus we obtain

Qaﬂ. _giﬁfm.?
. (15)
[del & 4 107 e.em

This bound coincides with the best bound derived from the T1F
experimen't f‘:]}. As for reliability of deriving of ar'p the atomic
part of calculations is essentially simpler and more precise
for "'ﬂxe than for T1F. The nuclear part of calculation for
12‘31& a8 well as for 2055!1 is actuslly only estimation of an
order of magnitude because of uncertainty of value -c:?.'*’}-{?:;}
whose even sign is not known exactly. (Considering polarization
effacts In Tl < TI>-<¥F > =22 4 g2 (¥3)) ‘

The Schiff moment may arise also due to T-odd interaction
of an unpaired nucleon and a nuclear core

H,, = p% .E%;- SV ¢ (16)

fq - @n atomic number, /N - proton mass, ? - nnmalizeq nuc-
lear density { JPAv=1) + ¥ =~ dimensionless constent measu-
ring interaction strength.

In the frame of the shell model the Schiff moment is pro-

portional to a charge of unpaired nucleon and for Xe amounts to

zero, However with polarization of the nuclear core taken into
account, EQ-(K&) is not zero. Its valu;‘_. ~an be agtimated
starting with relations (5), (6) and a v. :4e of the Schiff mo-

ment of T1 [12]: A(T¢)=-2-70% - ¢-fm? .  Considering Q

is proportional to A [12] and <op> = ﬁ-,f we have got
R’ Xe)~ 0910721 . &. fm3 (17
A(Xe)~ 1- 70 %Y. ¢.cm (18)

The estimation (18) agrees with that of a paper [12] where
the accurate atomic calculation was not carried out.

- v T



Prom the comparison with the experimental wvalue (1) we
derive

17l < 1 (19)

This bound confirms s result f’ m =0.4 2 0.6 obtained

in [ 12 ] basing on experimental data on TiF molecule [ 9] and on
molecular calculations [14]. ;

It should be noted that the bound on the T-o0dd nucleon-
-nucleus ' interaction constant # may happen to be no less
worthy than the best one on the edm of elementery particles
because, for example, in the popular model of CP-violation
suggested by Kobayeshi and Maskawa, the nuclear edm induced by
interaction (16) exceeds by two orders of magnitude the nucle-
on une['12] (respectively, the Schiff moment (17) exceeds (13),
(15)).

The authors are thankful to I.B.Khriplovich and 0.P.Sush-
kov for stimulation of this work.

R s

L

Te

B

9e

10.
11
12,

13.

14.

References

T.G--'Vﬂld, EanR&ﬂb, E-Hecke}_, and E.H-FQI‘".TEGIL; PMEc Rev.

Lett. 52 (1984) 2229,

J.H.Christenson, J.Cronin, V.L.Fitch and Turlay R.
Rev. Lett. 13 (1964) 138.

inn. Rev. Nucl. Part. Sei, 32 (1982) 211.
Phys- Lett. 1C2B [1981} 13-

Phys.

W.F.Ramsey.
ieS.Altarev et al.

I.B.Khriplovich.
na, Moscow, Nauka, 1981.

Parity nonconservation in atomic phenome-

V.A.Dzuba, V.V.Flambaum, P.G.3ilvestrov and 0.P.Sushkov.
Phys. Lett. 1034 (1984) 265; J. Phys. B., to be published.

V.N.Novikov, O.P.Sushkov, V.V.Flambaum and I.B.Khriplovich.
Zh. Bksp. Teor. Fiz. (JETP) 73(1977)802.

Pables of the physical values (Ed. I.K.Kikoin, Atomizdat,
Moscow, 1976), pe. 635.

D.F.Wilkenig, N.F.Remsey and D.J.Larson. Fhys. Rev. ‘294

{1984) 425.

L-I4SGhiff¢ Phﬂﬂi Hev. 132 (1963) 21944

P.G.H.Sandars. Phys. Rev. Lett. 19 (1967) 1396.

V.V.Plambsum, I.B.Khriplovich and 0.P.Sushkov. FPreprint
INP 84-85 (Novosibirsk, 1984); Zh. Eksp. Teor. Fiz. (JETP)
a7 (1984), 1521,

V.B.Telitsin. Abstracte of 24 conference on nuclear spect-
roscopy and nuclear structure (Nauka, Leningrad, 1984),
pi 190- 2

P.V.Coveney and P.G.H.Sandars. J. Phys. B16 (1983) 3723.




B.A.llan6a, II.I'.Cuaseecrpos, B.B.ZnamGaym

OI'PAHMYEHMS] HA OJNEKTPWMECHME [MIIOJBHHE MOMEHTH W
T - HEWHBAPHAHTHHE CJIABHE B3AMMOJF/CTBUA HYKJIOHOB

[Ipermprur
¥ 84-130

PaBora nocrynkaa - 25 cewrafpa 1984 r.

Orpercreennuft 3a sumyck - C.I'.[lonos

Nomgmcano & negars 10.X-1984 r. MH 06169

Qopuar Symarn 60x90 I1/16 Ycx.0,8 new.x., 0,7 yuerHo-mag.ax.
Twpax 290 sxs. Becnnarxo. 3axas ¥ 130.

Poranpumr HAG CO AH CCCP, r.HosocuGupex, 90




