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Ïðåäûñòîðèÿ

40-ëåòèå ïóáëèêàöèè ðåçóëüòàòîâ ýêñïåðèìåíòà:
Ë.Ì.Áàðêîâ, Ì.Ñ. Çîëîòîð¼â; Ïèñüìà â ÆÝÒÔ, ò. 27, ñ.
379 (1978); ò. 28, ñ. 544 (1978).

I Íåñîõðàíåíèå ÷¼òíîñòè â àòîìàõ, îáóñëîâëåííîå
íåéòðàëüíûìè òîêàìè: ß.Á. Çåëüäîâè÷; ÆÝÒÔ, ò.
36, ñ.964 (1959).

I Óñèëåíèå ýôôåêòîâ íåñîõðàíåíèÿ ÷¼òíîñòè â
òÿæ¼ëûõ àòîìàõ: M.-A. Bouchiat, C. Bouchiat; Phys.
Lett. 48B, 111 (1974).

I Ïåðâîå óñïåøíîå íàáëþäåíèå PNC â òÿæ¼ëûõ
àòîìàõ: Ë.Ì.Áàðêîâ, Ì.Ñ. Çîëîòîð¼â (1978).

Ëåã÷å âû÷èñëèòü òî, ÷òî òÿæåëåå èçìåðèòü; ëåã÷å
èçìåðèòü òî, ÷òî òÿæåëåå âû÷èñëèòü.



×òî ìîæíî èçìåðÿòü

I Âðàùåíèå ïëîñêîñòè ëèíåéíîé ïîëÿðèçàöèè.

I Ðàçíîñòü ñå÷åíèé ôîòîïîãëîùåíèÿ äëÿ ôîòîíîâ ñ
ïðîòèâîïîëîæíûìè ñïèðàëüíîñòÿìè.

I Ñòåïåíü öèðêóëÿðíîé ïîëÿðèçàöèè èçëó÷åíèÿ.

Òåîðèÿ:

HW =
GF

2
√

2
(−ēγαγ5e)

[
−n̄γαn+ (1− 4 sin2 θW )p̄γαp

]
QW = −N + (1− 4 sin2 θW )Z

QW - ñëàáûé çàðÿä, sin2 θW ≈ 1/4. Îñíîâíîé âêëàä äàþò
íåéòðîíû!



Ñìåøèâàíèå ñîñòîÿíèé ñ ïðîòèâîïîëîæíîé

÷¼òíîñòüþ

η ∼ < HW >

∆E
∼ GFQW Zαψ2(0)

∆E
.

Âñ¼ ïðîèñõîäèò íà ðàçìåðàõ ïîðÿäêà ðàäèóñà ÿäðà r0.
Ðåëÿòèâèçì àáñîëþòíî âàæåí! Äëÿ j = 1/2

ψ2(0) ∼ Z

a3B
R , R ∼

(
λc

Zαr0

)2(1−γ)

, γ =
√

1− (Zα)2 .

R ≈ 3 äëÿ 55Cs è R ≈ 9 äëÿ 81Tl, 82Pb, 83Bi.

η ∼ m2GF QW (Zα)2R , (∼ 10−11 for Cs , Z = 55).



Ñòåïåíü öèðêóëÿðíîé ïîëÿðèçàöèè

P =
I+ − I−
I+ + I−

=
|A+|2 − |A−|2

|A+|2 + |A−|2
≈ 2η

A(E1)

A(M1)
.

Äëÿ Cs: P ∼ 10−4; äëÿ Tl, Pb è Bi: P ∼ 10−7.
Ðåçóëüòàò Ë.Ì. Áàðêîâà è Ì.Ñ. Çîëîòîð¼âà 1978 ãîäà â
ýêñïåðèìåíòå ñ âèñìóòîì: P = (3.8± 1.0) ∗ 10−7.

exp. err. th. unc.
Bi (Z=83), 1991 (Oxford) 2% 10%
Pb (Z=82), 1993 (Seattle) 1.2% 8%
Tl (Z=81), 1995 (Oxford) 2.9% 3%
Tl (Z=81), 1995 (Seattle) 1.2% 3%
Cs (Z=55), 1997 (Boulder) 0.4% 1%

Öåçèé - ëó÷øèé îáúåêò èññëåäîâàíèÿ äëÿ ïðîâåðêè ÑÌ
ïðè íèçêèõ ýíåðãèÿõ!
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Ñïåêòð öåçèÿ

APNC =
∑
n

〈7S|D|nP 〉〈nP |HPNC |6S〉
E6S − EnP

+
〈7S|HPNC |nP 〉〈nP |D|6S〉

E7S − EnP
, HPNC = GFQWρ(r)γ5

Çäåñü D - îïåðàòîð äèïîëüíîãî ìîìåíòà, ρ(r) - ÿäåðíàÿ
ïëîòíîñòü, íîðìèðîâàííàÿ óñëîâèåì

∫
ρ(r)dr = 1.



Ïîèñêè Íîâîé ôèçèêè

I Tl, Pb, Bi : V.A.Dzuba, V.V.Flambaum,
P.G.Silvestrov, O.P.Sushkov (1987-1988);
Cs : V.A.Dzuba, V.V.Flambaum, O.P.Sushkov (1989);
S.A. Blundell, J.Sapirstein, W. R. Johnson, (1990).

HC =
N∑
i=1

[αipi + (βi− 1)m−Zα2/ri] +
∑
i<j

e2/|ri−rj| .

I S.C. Bennet and C.E. Wieman (1999)
Òåîðåòè÷åñêàÿ íåîïðåäåë¼ííîñòü â Cs
1% −→ 0.5%
Îòêëîíåíèå îò ÑÌ 2.5σ



I Ó÷ò¼í âêëàä ìàãíèòíîãî ýëåêòðîí-ýëåêòðîííîãî
âçàèìîäåéñòâèÿ.

HBreit =
∑
i<j

[αi ·αj + (αi · nij)(αj · nij)]/|ri − rj| .

nij = (ri − rj)/|ri − rj|

A. Derevianko (2000); M.G. Kozlov, S.G. Porsev,
I.I. Tupitsyn (2001); V.A. Dzuba, C. Harabati, W.R.
Johnson, M.S. Safronova (2001)
Ïîïðàâêà −0.61%
Îòêëîíåíèå îò ÑÌ 2.5σ→∼ 1σ



Ðàäèàöèîííûå ïîïðàâêè

ca b

d e f

(a) Ãëàâíûé âêëàä â ìàòðè÷íûé ýëåìåíò ñ Z-áîçîíîì.
(b-f) Îäíîïåòëåâàÿ ðàäèàöèîííàÿ ïîïðàâêà. Äâîéíàÿ
ëèíèÿ îáîçíà÷àåò òî÷íóþ ïî êóëîíîâñêîìó ïîëþ ÿäðà
âîëíîâóþ ôóíêöèþ è òî÷íûé ïðîïàãàòîð ýëåêòðîíà,
çèãçàã îáîçíà÷àåò Z-áîçîí, øòðèõîâàÿ ëèíèÿ- ôîòîí.



I Ïîïðàâêà çà ñ÷¼ò ïåðåñ÷¼òà θW îò q = 0 äî
q = 1/r0 ∼ 30MeV [A.I.Milstein, O.P.Sushkov (2002)]:

δcd =
4αZ

3πQW

(1− 4 sin2 θW ) ln(λC/r0) ∼ −0.1% ,

I Ó÷¼ò ïîëÿðèçàöèè âàêóóìà ïðèâîäèò ê çàìåíå

Zα

r
−→ Zα

r

(
1 +

2α

3π
ln

r

λC

)
.

Ïîïðàâêà δb [A.I. Milstein and O. P. Sushkov (2002)]:

δb = α

(
1

4
Zα +

2(Zα)2

3πγ

[
ln2(bλC/r0) + f

])
∼ 0.42%.

Çäåñü b = exp(1/(2γ)− C − 5/6), γ =
√

1− (Zα)2 è
f ∼ 1 ïëàâíàÿ ôóíêöèÿ Zα (íå çàâèñèò îò r0).
Zα = 0.4, ln (λC/r0) = 5.7. Ñîâïàäàåò ñ
÷èñëåííûì ðåçóëüòàòîì W.R.Johnson et al. (2001).



I Ïîïðàâêà ê âåðøèíå è ñîáñòâåííîé ýíåðãèè
[A.I.Milstein, O.P.Sushkov, I.S. Terekhov (2002)]:

δef = δe + δf = A ln(bλC/r0) + B ∼ −0.85% ,

ãäå A è B - ôóíêöèè Zα.

I Âêëàä ýëåêòðîí-ýëåêòðîííîãî ñëàáîãî
âçàèìîäåéñòâèÿ [A.I.Milstein, O.P.Sushkov (2002)]
+0.04%

I Âêëàä �íåéòðîííîé øêóðû� [A. Derevianko (2002)]
−0.2%

Cs : QW = −72.81± (0.28)ex ± (0.36)theor.

Ïðåäñêàçàíèå ÑÌ:

QW = −73.09± 0.03

Ñîãëàñèå â ïðåäåëàõ 0.6σ !



Tl

I Ó÷¼ò âêëàäà ìàãíèòíîãî ýëåêòðîí-ýëåêòðîííîãî
âçàèìîäåéñòâèÿ: −0.88%

I Ïîïðàâêà çà ñ÷¼ò ïåðåñ÷¼òà θW îò q = 0 äî q = 1/r0:
−0.08% ,

I Ó÷¼ò ïîëÿðèçàöèè âàêóóìà: 0.9%.

I Ïîïðàâêà ê âåðøèíå è ñîáñòâåííîé ýíåðãèè :
−1.48%

I Âêëàä �íåéòðîííîé øêóðû�: −0.2%

I Âêëàä ýëåêòðîí-ýëåêòðîííîãî ñëàáîãî
âçàèìîäåéñòâèÿ: +0.01%

T l : QW = −116.8± (1.2)ex ± (3.4)theor.

Ïðåäñêàçàíèå ÑÌ: QW = −116.7± 0.1
Ñîãëàñèå â ïðåäåëàõ 0.03σ !



Çàêëþ÷åíèå

I Â íàñòîÿùèé ìîìåíò ìîæíî ãîâîðèòü î íàä¼æíîì
ïîñëåäîâàòåëüíîì ñðàâíåíèè ïðåäñêàçàíèé ÑÌ ñ
ðåçóëüòàòàìè ýêñïåðèìåíòîâ ïî èçó÷åíèþ
íåñîõðàíåíèÿ ÷¼òíîñòè â àòîìàõ.

I Ïîëó÷åíî òðîãàòåëüíîå ñîãëàñèå òåîðèè è
ýêñïåðèìåíòà (â ïðåäåëàõ 0.6σ äëÿ öåçèÿ).

I Ïðîâåäåíèå ïðåöèçèîííûõ ýêñïåðèìåíòîâ è àíàëèç
èõ ðåçóëüòàòîâ òðåáóåò ãëóáîêîãî ïîíèìàíèÿ
ïðîèñõîäÿùèõ ïðîöåññîâ. Èíà÷å áóäåøü îòêðûâàòü
Íîâóþ ôèçèêó êàæäûé äåíü. Îäíàêî, ýòà ôèçèêà
áóäåò �íîâîé� òîëüêî äëÿ òåáÿ.

Âñåì ñïàñèáî!


