
I. Íåñîõðàíåíèå ïðîñòðàíñòâåííîé ÷åòíîñòè è
T-èíâàðèàíòíîñòè â ìîëåêóëàõ.

Èçâåñòíî, ÷òî òÿæåëûå ïîëÿðíûå äâóõàòîìíûå ìîëåêóëû ÿâ-
ëÿþòñÿ óñèëèòåëÿìè ýôôåêòîâ íåñîõðàíåíèÿ ÷åòíîñòè. Íàè-
áîëüøèé èíòåðåñ ïðåäñòàâëÿåò óñèëåíèå ýëåêòðè÷åñêîãî äè-
ïîëüíîãî ìîìåíòà (ÝÄÌ) ýëåêòðîíà â ìîëåêóëàõ ñ íåñïàðåí-
íûì ýëåêòðîíîì, òàêèõ êàê PbF, HgF è YbF, ãäå óñèëåíèå íà
íåñêîëüêî ïîðÿäêîâ áîëüøå, ÷åì â òÿæåëûõ àòîìàõ.

Â 1985 ãîäó íàì óäàëîñü ñäåëàòü ïåðâûé ïîëóýìïèðè÷åñêèé
ðàñ÷åò äëÿ ìîëåêóë HgF è BaF. Â äàëüíåéøåì ýòîò æå ìåòîä
áûë ïðèìåíåí è äëÿ ðàñ÷åòà ìîëåêóëû YbF. Ðàñ÷åò ýòîé ìîëå-
êóëû ñóùåñòâåííî ñëîæíåå èç-çà íàëè÷èÿ ó èòåðáèÿ íåãëóáî-
êîé 4f-îáîëî÷êè. Ýòî çàòðóäíÿåò êàê ïîëóýìïèðè÷åñêèå, òàê è
êâàíòîâî-õèìè÷åñêèå ðàñ÷åòû. Òåì íå ìåíåå, â íàñòîÿùåå âðå-
ìÿ èìååòñÿ íåñêîëüêî ðàñ÷åòîâ ýòîé ìîëåêóëû, ïðîâåäåííûõ
ðàçíûìè ìåòîäàìè è ðàçíûìè ãðóïïàìè.

Áîëüøèíñòâî ðàñ÷åòîâ íàõîäÿòñÿ â õîðîøåì ñîãëàñèè äðóã ñ
äðóãîì, íî èìååòñÿ îäèí ðàñ÷åò îòëè÷àþùèéñÿ ïðèìåðíî â äâà
ðàçà.



P - and T -odd interactions

Interaction of the EDM of the electron de with the molecular
electric �eld (−∇φ):

Hd = 2de
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The molecular matrix element can be written as follows

〈λ, ω|Hd|λ, ω〉 = Wddeω

where the constant Wd can be expressed in terms of the molecular
one-electron density matrix ρa,b

Wd = 8
∑

n,n′,κ
ρn′,−κ;n,κ

∞∫

0
gn′,−κgn,κ

dφ

dr
r2dr

In this expression g is a small component of the Dirac orbital, κ is
the relativistic quantum number and n stands for other quantum
numbers.
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Òàáëèöà 1: Hyper�ne constants, spin-doubling constants, and
matrix elements of H ′

d (Wd), HPT
1 (W PT

1 ), and HM (WM) for
YbF and BaF molecules. Theoretical results were obtained within
semiempirical method (SE), relativistic e�ective core potential
method (RECP), restricted active space method (RAS), Dirac-
Hartree-Fock method (DHF), and unrestricted Dirac-Hartree-
Fock method (UDHF).

A‖ A‖ − A⊥ γ W d W P,T
1 WM

(MHz) (MHz) (MHz) (1025 Hz
ecm

) (kHz) (1033 Hz
ecm2 )

171YbF
Experiment [1, 2] 7822 309 13
SE [3] " " ∼ 500 -1.5 -48 -2.1
SE with f-hole [4] " " 13 -1.26 -43
RECP [5] 5049 176 -0.91 -33 -1.3
RECP+RAS [5] 4975 181 -0.91 -33 -1.3
DHF [6] 5987 104 -0.31 -11 -0.6
DHF+core polar. [6] 7985 180 -0.60 -21 -1.3
UDHF [7] -1.20

137BaF
Experiment [8] 2376 75 83.3
Experiment [9] 2453 52 81.03
SE [10] 2376 75 -0.41 -13 -0.98
RECP [11] 1479 33 -0.23 -6
RAS+RECP [11] 1488 33 -0.22 -6
RECP+RAS+MBPT [11] 2272 72 -0.36


