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Ââåäåíèå

Äëÿ òîãî ÷òîáû îáåñïå÷èòü íåîïðåäåëåííîñòü ñòàíäàðòà
÷àñòîòû íà ïåðåõîäå 3P0 − 1S0 íèæå 10

−17, íåîáõîäèìî îöåíèòü
ðîëü íåëèíåéíûõ, íåäèïîëüíûõ è àíãàðìîíè÷åñêèõ ýôôåêòîâ
îáóñëîâëåííûõ âëèÿíèåì îïòè÷åñêîé ðåøåòêè íà ñäâèã ÷àñòîòû
÷àñîâîãî ïåðåõîäà.

Ìàãè÷åñêàÿ ÷àñòîòà (äëèíà âîëíû)

¾Ìàãè÷åñêàÿ¿ ÷àñòîòà ωm - ÷àñòîòà, íà êîòîðîé ýëåêòðè÷åñêèå
äèïîëüíûå ïîëÿðèçóåìîñòè îñíîâíîãî (g) è ìåòàñòàáèëüíîãî
(e) ÷àñîâûõ ñîñòîÿíèé îäèíàêîâû:

αE1
e (ωm) = αE1

g (ωm)

Ýêñïåðèìåíòàëüíî èçìåðåííîå çíà÷åíèå ìàãè÷åñêîé äëèíû
âîëíû äëÿ àòîìîâ ìàãíèÿ ðàâíî λm = 468.46 íì.
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Âçàèìîäåéñòâèå àòîìà ñ ðåøåòêîé

Âåêòîð íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ ðåøåòêè

E(X , t) = 2E0 cos(kX ) cos(ωt)

ãäå k - âîëíîâîå ÷èñëî (k = ω/c); X - ñìåùåíèå àòîìà îòíîñèòåëüíî
ïîëîæåíèÿ ðàâíîâåñèÿ. Âçàèìîäåéñòâèå àòîìà ñ ðåøåòêîé
îïèñûâàåòñÿ îïåðàòîðîì V̂ (X , t) = Re[V̂ (X ) exp(−iωt)] ãäå

V̂ (X ) = V̂E1 cos(kX ) + (V̂E2 + V̂M1) sin(kX ),

ãäå îïåðàòîðû E1-, E2- è M1-âçàèìîäåéñòâèé èìåþò âèä

V̂E1 = rE0;

V̂E2 =
αω√
6
r2 ({E0 ⊗ n}

2
C2(θ, ϕ)) ;

V̂M2 =
α

2

{
[n× E0](Ĵ + Ŝ)

}
.

Çäåñü: r = rn - ðàäèóñ-âåêòîð âàëåíòíîãî ýëåêòðîíà; C2(θ, ϕ) -
ìîäèôèöèðîâàííàÿ ñôåðè÷åñêàÿ ôóíêöèÿ óãëîâûõ ïåðåìåííûõ θ è ϕ
ðàäèóñ-âåêòîðà îïòè÷åñêîãî ýëåêòðîíà; Ĵ è Ŝ - ïîëíûé óãëîâîé è
ñïèíîâûé ìîìåíòû àòîìà.
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Ïîòåíöèàëüíàÿ ÿìà

Ïîòåíöèàëüíàÿ ÿìà äëÿ àòîìà â îñíîâíîì (g) èëè âîçáóæäåííîì (å)
ñîñòîÿíèè â óçëå ïó÷íîñòè îïòè÷åñêîé ðåøåòêè îïðåäåëÿåòñÿ ÷åðåç
ïîëÿðèçóåìîñòè αe(g) è ãèïåðïîëÿðèçóåìîñòè βg(e) àòîìà:

U latt
g(e)(X , I ) ≈ −Dg(e)(I ) + Uharm

g(e) (I )X 2 − Uanh
g(e)(I )X

4

ãäå:
Dg(e) = αE1

g(e)(ω)I + βg(e)(ω)I 2 - ãëóáèíà ïîòåíöèàëüíîé ÿìû

Uharm
g(e) (I ) =

[
αdqm
g(e)(ω)I + 2βg(e)(ω)I 2

]
k2

Uanh
g(e)(I ) =

[
αdqm
g(e)(ω)I + 5βg(e)(ω)I 2

]
k4

3

αdqm
e(g) = αE1

e(g) − α
E2
e(g) − α

M1

e(g), I - èíòåíñèâíîñòü ëàçåðà, X -ñìåùåíèå

àòîìà îò ïîëîæåíèÿ ðàâíîâåñèÿ, k-âîëíîâîå ÷èñëî.

Ovsiannikov V. D. et al. 2013 Phys. Rev. A 88, 013405
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Ýíåðãèÿ êîëåáàíèé è ñäâèã ÷àñîâîé ÷àñòîòû

Ýíåðãèÿ êîëåáàíèé àòîìà â îêðåñòíîñòè ïó÷íîñòè ñòîÿ÷åé
âîëíû îïòè÷åñêîé ðåøåòêè:
E vib
g(e)(I , n) = −Dg(e)(I ) + Ωg(e)(I )

(
n + 1

2

)
− E anh

g(e)(I )
(
n2 + n + 1

2

)
ãäå:

Ωg(e)(I ) = 2

√
E rec

[
αdqm
g(e)(ω)I + βg(e)(ξ, ω)I 2

]
-ñîáñòâåííàÿ

÷àñòîòà ãàðìîíè÷åñêèõ àòîìíûõ êîëåáàíèé

E anh
g(e)(I ) = E rec

2

[
1 +

3βg(e)(ω)I

αdqm
g(e)

(ω)

]
-àíãàðìîíè÷åñêàÿ ïîïðàâêà

E rec = k2

2M - ýíåðãèÿ îòäà÷è ôîòîíà ðåøåòêè
n - êâàíòîâûå ÷èñëà îñöèëëÿòîðà
Ñäâèã ÷àñîâîé ÷àñòîòû:

∆ν lattcl (I , n) = E vib
e (I , n)− E vib

g (I , n) =

= −∆D(I ) + ∆Ω(I )

(
n +

1

2

)
−∆E anh(I )

(
n2 + n +

1

2

)
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Ñäâèã ÷àñîâîé ÷àñòîòû

Â èòîãå, ñäâèã ÷àñòîòû ÷àñîâîãî ïåðåõîäà èíäóöèðîâàííûé
ëàçåðíûì ïîëåì ðåøåòêè ñ ó÷åòîì ïîïðàâîê, êâàäðàòè÷íûõ ïî
èíòåíñèâíîñòè I ïîëÿ, ìîæíî ïðåäñòàâèòü â âèäå

∆ν lattcl (n, ξ, I ) = c1/2(n)I 1/2 + c1(n, ξ)I + c3/2(n, ξ)I 3/2 + c2(ξ)I 2.

ãäå

c1/2(n) = −∆αqm
m

√
E rec
αE1
m

(
n +

1

2

)
;

c1(ξ, n) = −3E rec

2αE1
m

∆β(ξ)

(
n2 + n +

1

2

)
;

c3/2(ξ, n) = 2∆βξ

√
E rec
αE1
m

(
n +

1

2

)
;

c2(ξ) = −∆β(ξ).
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Ñóùåñòâóåò åùå îäíà âîçìîæíîñòü óìåíüøèòü ñäâèã ∆ν lattcl - ïóòåì
íàñòðîéêè ëàçåðíîé ðåøåòêè íà òàêóþ îïåðàöèîííóþ ìàãè÷åñêóþ
÷àñòîòó, â êîòîðîé ó÷èòûâàåòñÿ çàâèñèìîñòü äèïîëüíîé
ïîëÿðèçóåìîñòè îò ÷àñòîòû ëàçåðà. Äëÿ ýòîãî ìîæíî ïåðåñòðîèòü
÷àñòîòó ìàãè÷åñêîé ðåøåòêè ω = ωm + ∆ωm òàêèì îáðàçîì, ÷òîáû
ìèíèìèçèðîâàòü êîýôôèöèåíòû c1/2(n) è c1(ξ, n) ñ ó÷åòîì ýòîé
çàâèñèìîñòè:

c1/2(n) =

(
∂∆αE1

m

∂ω
∆ωm −∆αqm

m

(
n +

1

2

))√
E rec
αE1
m

;

c1(ξ, n) = −∂∆αE1
m

∂ω
∆ωm −

3E rec

2αE1
m

∆β(ξ)

(
n2 + n +

1

2

)
, (1)

ãäå ∆αE1
m = αE1

e (ω)− αE1
g (ω) - ðàçíîñòü äèïîëüíûõ ïîëÿðèçóåìîñòåé

÷àñîâûõ óðîâíåé íà ïðîèçâîëüíîé ÷àñòîòå ω,
∂∆αE1

m

∂ω
=
∂∆αE1(ω)

∂ω

∣∣∣∣
ω=ωd

m

- ïðîèçâîäíàÿ ýòîé ðàçíîñòè íà

ìàãè÷åñêîé ÷àñòîòå ω = ωm.

Ovsiannikov V. D. et al. 2016 Phys. Rev. A 93, 043420
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Õàðàêòåðèñòèêè àòîìà ìàãíèÿ â îïòè÷åñêîé ðåøåòêå íà
ìàãè÷åñêîé äëèíå âîëíû 468.46 íì.

νclock 655 (ÒÃö)

αE1
m 17.5

(
êÃö

êÂò/ñì2

)
αqm
m 5.48

(
ìÃö

êÂò/ñì2

)
∆βlm 111 + 5.88ı

(
ìêÃö

(êÂò/ñì2)2

)
∆βcm 1735 + 8.69ı

(
ìêÃö

(êÂò/ñì2)2

)
∂∆αE1

m
∂ω 0.42

(
10

−9

êÂò/ñì2

)
E rec 37.9 (êÃö)
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Ñäâèã ÷àñîâîé ÷àñòîòû â àòîìàõ Mg
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Çàâèñèìîñòü îò èíòåíñèâíîñòè ëàçåðà I ñäâèãîâ ÷àñîâîé ÷àñòîòû â
àòîìàõ ìàãíèÿ ∆ν lattcl , èíäóöèðîâàííûõ ïîëåì îïòè÷åñêîé ðåøåòêè íà
ìàãè÷åñêîé äëèíå âîëíû λm = 468.46 íì. Êðèâàÿ (à) ñîîòâåòñòâóåò
ñäâèãó ìàãè÷åñêîé ÷àñòîòû ∆ωm = −74.9 ÌÃö, êðèâàÿ (b) -
∆ωm = −75.0 ÌÃö, êðèâàÿ (ñ) - ∆ωm = −75.1 ÌÃö.(∆ωm = ω − ωm).
×àñîâàÿ ÷àñòîòà áåç ó÷åòà ñäâèãà: νcl = 655 ÒÃö.
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Âûâîäû

Íåîïðåäåëåííîñòü ñäâèãà, èíäóöèðîâàííîãî âçàèìîäåéñòâèåì
àòîìà ñ ïîëåì ðåøåòêè, èç-çà íåîäíîðîäíîñòè ðàñïðåäåëåíèÿ
èíòåíñèâíîñòè ïî ðàñïîëîæåíèþ àòîìîâ ìàãíèÿ â îïòè÷åñêîé
ðåøåòêå ìåæäó 140 è 160 êÂò/ñì2 äîñòèãàåò 23 ìÃö ïðè
îòñòðîéêå ìàãè÷åñêîé ÷àñòîòû ∆ωmag = −75 ÌÃö. ×òîáû
óìåíüøèòü íåîïðåäåëåííîñòü ∆ν lattcl äî óðîâíÿ 0.5 ìÃö,
îòíîñèòåëüíàÿ íåîïðåäåëåííîñòü ðàñïðåäåëåíèÿ îïåðàöèîííîé
èíòåíñèâíîñòè ïî ïîçèöèÿì àòîìîâ ìàãíèÿ â ðåøåòêå íå
äîëæíà ïðåâûøàòü 2% â îêðåñòíîñòè I = 145 êÂò/ñì2.
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