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Ðàñïàä ëîæíîãî âàêóóìà â òåîðèè ñêàëÿðíîãî ïîëÿ

Ëîæíûé âàêóóì � ñîñòîÿíèå â òåîðèè ïîëÿ,

êîòîðîå íå ÿâëÿåòñÿ ñîñòîÿíèåì ãëîáàëüíîãî

ìèíèìóìà ýíåðãèè, à ñîîòâåòñòâóåò åå

ëîêàëüíîìó ìèíèìóìó.

Øèðèíà ðàñïàäà

Γ = Ae−
Sb
ℏ ,

ãäå Sb � ãëàâíàÿ êâàçèêëàññè÷åñêàÿ ýêñïîíåíòà,

A � ïðåäýêñïîíåíöèàëüíûé ìíîæèòåëü.

φ−

φ+ φ

V (φ)

Ïðèìåð ïîòåíöèàëà. φ− � ëîæíûé

âàêóóì, φ+ � èñòèííûé âàêóóì.
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Âû÷èñëåíèå êâàçèêëàññè÷åñêîé ýêñïîíåíòû

Îòñêîêîâîå ðåøåíèå(bounce)

Îòñêîêîâîå ðåøåíèå φb

óäîâëåòâîðÿåò ãðàíè÷íîé çàäà÷å
φ′′(r) +

3

r
φ′(r) =

∂V

∂φ
,

φ(r → +∞) = φ−,

φ′(r = 0) = 0,

ãäå φ− � ëîæíûé âàêóóì.

Êâàíòîâîìåõàíè÷åñêàÿ àíàëîãèÿ

Äâèæåíèå ÷àñòèöû â ïåðåâåðíóòîì

ïîòåíöèàëå ñ òðåíèåì, çàâèñÿùåì îò

âðåìåíè.

Èùåì O(4) � ñèììåòðè÷íûå

ðåøåíèÿ, r =
√
τ2 + x⃗2.

Íàõîæäåíèå åâêëèäîâà äåéñòâèÿ íà îòñêîêîâîì ðåøåíèè SE [φb] (Coleman, 1977):

SE [φ] =

∫
d4x

[
1

2
(∂µφ)

2 + V (φ)

]
.
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Ìîòèâàöèÿ: ïîòåíöèàë áåç îòñêîêà

Ðàññìîòðèì òåîðèþ äåéñòâèòåëüíîãî ñêàëÿðíîãî

ïîëÿ ñ ïîòåíöèàëîì (Mukhanov, Rabinovici, Sorin,

2020):

V (φ) =


−λ−

4

(
φ4 − β3φ4

0

)
, φ < βφ0

λ+

4
(φ− φ0)

4 , φ > βφ0

ãäå

β =
λ
1/3
+

λ
1/3
+ + λ

1/3
−

.

Â ýòîé òåîðèè îòñêîêîâîå ðåøåíèå îòñóòñòâóåò.

φ0

βφ0
φ

V (φ)

φ0 � ëîæíûé âàêóóì
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Ïîäõîäû, ïðåäëàãàåìûå â ëèòåðàòóðå

Ïðåäëàãàåòñÿ âìåñòî îòñêîêîâîãî ðåøåíèÿ íàéòè êîíôèãóðàöèè, êîòîðûå ðåøàþò

óðàâíåíèå äâèæåíèÿ âíå öåíòðàëüíîé ÷àñòè îòñêîêà. Äâà àëüòåðíàòèâíûõ ïîäõîäà:

New instantons (Mukhanov et al., 2020)

• Öåíòðàëüíàÿ ÷àñòü îòñêîêà äîìèíèðîâàíà êâàíòîâûìè ôëóêòóàöèÿìè.

Pseudo-bounces (Espinosa, 2021)

• Öåíòðàëüíàÿ ÷àñòü îòñêîêà ïðåäñòàâëÿåò ñîáîé ïîñòîÿííîå ïîëå.

Ïðîáëåìà

Íåî÷åâèäíî, êàê èñêàòü êâàíòîâûå ïîïðàâêè.
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Ìåòîä: äåôîðìàöèÿ ïîòåíöèàëà

Äåôîðìèðîâàííûé ïîòåíöèàë:

V (φ) =



m2
0

2
φ2 + bφ+ c, φ < Λ

−λ−
4

(
φ4 − β3φ4

0

)
, Λ < φ < βφ0

λ+

4
(φ− φ0)

4 , φ > βφ0

φ0

Λ βφ0
φ

V (φ)

Îòñêîêîâîå ðåøåíèå âñåãäà ñóùåñòâóåò � êâàíòîâîìåõàíè÷åñêàÿ àíàëîãèÿ.
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Îòñêîêîâîå ðåøåíèå â äåôîðìèðîâàííîì ïîòåíöèàëå

φb(r) =



λ−Λ
3 +m2

0Λ

m2
0

+A
I1(m0r)

r
, 0 ≤ r ≤ r1

√
2

λ−

k√
2k2 − 1

cn

[
ln r

r0√
2k2−1

, k

]
r

, r1 ≤ r ≤ r2

2
√
2 ρ+√

λ+ (ρ2+ − r2)
+ φ0, r ≥ r2

φ0

Λ βφ0
φ

V (φ)

Êîíñòàíòû A, k, r0, ρ+, r1, r2 îïðåäåëÿþòñÿ èç óñëîâèé ñøèâêè φ è φ′ íà ãðàíèöàõ
îáëàñòåé.
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×èñëåííîå ðåøåíèå

• Îêàçûâàåòñÿ óäîáíûì ñòàðòîâàòü ñ ìàëîãî ïî ìîäóëþ çíà÷åíèÿ Λ̃ < 0.
• Ïàðàìåòðû λ−, λ+, m̃0 ïîäáèðàþòñÿ òàê, ÷òîáû ïîëå â îáëàñòè [r1, r2] áûëî
ëèíåéíûì � ïðîùå ðåøàþòñÿ óðàâíåíèÿ ñøèâêè.

• Äëÿ íàõîæäåíèÿ êîíñòàíò ðåøåíèÿ ïðè äðóãèõ çíà÷åíèÿõ Λ̃ èñïîëüçîâàëñÿ ìåòîä

Íüþòîíà � Ðàôñîíà. Ðåøåíèå íà êàæäîì øàãå èñïîëüçîâàëîñü êàê íà÷àëüíîå

ïðèáëèæåíèå äëÿ ñëåäóþùåãî.

(Çäåñü x = rφ0, Λ̃ = Λ/φ0, m̃0 = m0/φ0)

Êîýôôèöèåíòû ñøèâêè äëÿ Λ̃ = −0.31

λ− = 0.14, λ+ = 0.007, m̃0 = 0.1 �

ôèêñèðîâàíû

x1 = 234.682 x2 = 248.558

A = 7.76 · 10−8 k = −0.707373

x0 = 226.502 x+ = 229.841
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x
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Ïðîôèëü îòñêîêà
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Ïîâåäåíèå îòñêîêîâîãî ðåøåíèÿ ïðè Λ̃ → −∞
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Ñåìåéñòâî ðåøåíèé ïðè ðàçëè÷íûõ Λ̃
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Ðåøåíèå ïðè Λ̃ = −20.22

Ïðè |Λ̃| → ∞ îòñêîêîâîå ðåøåíèå ñòàíîâèòñÿ ñèíãóëÿðíûì: òî÷êè ñøèâêè ñòðåìÿòñÿ ê

íóëþ, à çíà÷åíèå ïîëÿ â öåíòðå ñòðåìèòñÿ ê −∞.
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Àñèìïòîòè÷åñêîå ïîâåäåíèå îòñêîêîâîãî ðåøåíèÿ ïðè Λ̃ → −∞

x1 ≃
2
√
2√

λ−

1

|Λ̃|7/6
,

x2 ≃
2
√
2√

λ−(1− β)

1

|Λ̃|1/2
,

k ≃ −1 +
8

|Λ̃|
,

A ≃ 2λ−
m̃3

0

|Λ̃|3,

x0 ≃ 2

√
2

λ−

1

|Λ̃|
,

x+ ≃
2
√

2λ+

λ−

1

|Λ̃|
.

Çàâèñèìîñòè áûëè èñïîëüçîâàíû äëÿ âåðèôèêàöèè ÷èñëåííî íàéäåííûõ ðåøåíèé.
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Åâêëèäîâî äåéñòâèå êàê ôóíêöèÿ Λ̃

Ðåçóëüòàò

Â ïðåäåëå ñíÿòèÿ ðåãóëÿðèçàöèè

SE
Λ̃→−∞−−−−−→ 8π2

3λ−

Ýòî çíà÷åíèå ñîâïàäàåò ñ äåéñòâèåì

ìàñøòàáíî-èíâàðèàíòíîãî

ëèïàòîíà (Lipatov, 1977).
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Çàâèñèìîñòü SE îò Λ̃

Íåñìîòðÿ íà òî, ÷òî â ïðåäåëå Λ̃ → −∞ îòñêîêîâîå ðåøåíèå ñòàíîâèòñÿ ñèíãóëÿðíûì,

åâêëèäîâî äåéñòâèå íà íåì ñòðåìèòñÿ ê êîíå÷íîé âåëè÷èíå.
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Ñõåìà âû÷èñëåíèÿ êâàíòîâûõ ïîïðàâîê

Ôóíêöèîíàëüíûé èíòåãðàë äëÿ èçíà÷àëüíîé çàäà÷è:

Z =

∫
Dφe−SE [φ].

Âñòàâèì â ôóíêöèîíàëüíûé èíòåãðàë åäèíèöó ñëåäóþùèì îáðàçîì:

1 =

∫ +∞

0
e−ξ dξ, ãäå

ξ =

∫ [
m2

0

2
φ2 + bφ+ c+

λ−
4

(
φ4 − β3φ4

0

)]
θ(Λ− φ) d4x

⇒ Z =

∫ 0

−∞
dΛ

∫
Dφ

dξ

dΛ
e−(SE [φ]+ξ(Λ))

Âû÷èñëåíèå êâàíòîâûõ ïîïðàâîê ñâîäèòñÿ ê íàõîæäåíèþ ôóíêöèîíàëüíîãî äåòåðìèíàíòà

îïåðàòîðà ôëóêòóàöèé íà ôîíå îòñêîêà, çàâèñÿùåãî îò Λ. Ìîæíî èñïîëüçîâàòü

ñòàíäàðòíûå ìåòîäû.
Äæàìàëäèíîâ Ý.Ø. Ðàñïàä ëîæíîãî âàêóóìà 27 ìàÿ 2026 12 / 14



Âûâîäû

1. Ïðåäëîæåí ìåòîä íàõîæäåíèÿ âåðîÿòíîñòè ðàñïàäà ëîæíîãî âàêóóìà äëÿ ïîòåíöèàëîâ áåç
îòñêîêîâîãî ðåøåíèÿ, çàêëþ÷àþùèéñÿ â ðåãóëÿðèçàöèè ïîòåíöèàëà.

2. Ìåòîä ïðîèëëþñòðèðîâàí íà êîíêðåòíîì ïîòåíöèàëå: íàéäåíî îòñêîêîâîå ðåøåíèå êàê
ôóíêöèÿ ïàðàìåòðà ðåãóëÿðèçàöèè.

3. Ïîêàçàíî, ÷òî îòñêîêîâîå ðåøåíèå ñòàíîâèòñÿ ñèíãóëÿðíûì â ïðåäåëå ñíÿòèÿ ðåãóëÿðèçàöèè.

4. Ïîêàçàíî, ÷òî â ïðåäåëå ñíÿòèÿ ðåãóëÿðèçàöèè åâêëèäîâî äåéñòâèå îñòàåòñÿ êîíå÷íûì.

5. Ïîêàçàíà ïðèíöèïèàëüíàÿ âîçìîæíîñòü íàõîæäåíèÿ êâàíòîâûõ ïîïðàâîê.

Äàëüíåéøèå ïëàíû

Äëÿ ðàññìîòðåííîé ìîäåëè âû÷èñëåíèå ôóíêöèîíàëüíîãî äåòåðìèíàíòà è íàõîæäåíèå

ïðåäýêñïîíåíöèàëüíîãî ìíîæèòåëÿ A â ôîðìóëå Γ = A e−
Sb
ℏ .
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Àñèìïòîòèêà ξ(|Λ̃|)

Â àñèìïòîòèêå |Λ̃| → ∞:

ξ ≃ 24π2

λ−

1

|Λ̃|4/3
,

dξ

dΛ̃
≃ 32π2

λ−

1

|Λ̃|7/3
.
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