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Íåâîçìîæíîñòü ïîñòðîåíèÿ êàëèáðîâî÷íî-èíâàðèàíòíûõ

ãàëèëåîííûõ ëàãðàíæèàíîâ â 4-ð¼õ ìåðèè áûëà ïîêàçà â ðàáîòå:

Arbitrary p-form Galileons (De�ayet, S. Deser, arXiv:1007.5278).

Ïðîñòåéøèå íåêàëèáðîâî÷íî-èíâàðèàíòíûå âàðèàíòû ñ îäíèì

äàëàìáåðòèàíîì, ïðèâîäÿùèå ê óðàâíåíèÿì äâèæåíèÿ ïîëÿ íå

âûøå âòîðîãî ïîðÿäêà, - ýòî:

1 L = f (F ,B,C ,D)Aθ�Aθ ++L(Aµ,Aµ;ν),

2 L = f (C ,F )AλA
θ;λ�Aθ + L(Aµ,Aµ;ν),

ãäå:

B = AµA
νAµ,λAν,λ

C = Aλ,µAµAλ,νA
ν

D = AνAλAν,λ

F = AµA
µ
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Óñëîâèÿ óñòîé÷èâîñòè è îòñóòñòâèÿ ñâåðõñâåòîâûõ
âîçìóùåíèé íàä ôîíîâûì ðåøåíèåì.

Áóäåì ðàáîòàòü â ïëîñêîì ïðîñòðàíñòâå. Âûáåðåì îäíîðîäíîå

è èçîòðîïíîå ôîíîâîå ðåøåíèå Aµ = (A(t), 0, 0, 0) è ðàçëîæèì

ëàãðàíæèàí äî âòîðîãî ïîðÿäêà íàä íèì.

Äëÿ âòîðîãî âàðèàíòà:

L = f (C ,F )AλA
θ,λ�Aθ + L(B,C ,D,F )

δL = K01(δA
0,iδA,i0 ) + K00(δA

0,0δA0,0) + K10(δA
i ,0δAi

,0)+

+ K11(δA
i ,jδAi ,j) + (...)(δA0δA0) + (...)(δAiδAi ) + (...)(δAλδA0,λ),

ãäå:

K00 = 2fCCA
5Ȧ3Ä+ 3A3ȦÄfC −

d

dt
(fCA

3Ȧ2)− 2fFA
2Ä−

− 2fC Ȧ
3A2 − f Ȧ− 1

2

d

dt
(fA)+

+ 2Ȧ2A4(LBB + LCC ) + 4LBCA
4Ȧ2 + A2(LB + LC )
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K01 = −Ȧ3A2fC −
1

2
(f Ȧ)− 1

2

d

dt
(fA)− LBA

2 − fFA
2Ȧ

K10 = −fCA3ȦÄ− 1

2

d

dt
(fA)− LCA

2

K11 =
1

2

d

dt
(fA)
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Äëÿ ïåðâîãî âàðèàíòà:

L = f (F ,B,C ,D)Aθ�Aθ + L(B,C ,D,F )

δL = K01(δA
0,iδA,i0 ) + K00(δA

0,0δA0,0) + K10(δA
i ,0δAi

,0)+

+ K11(δA
i ,jδAi ,j) + (...)(δA0δA0) + (...)(δAiδAi ) + (...)(δAλδA0,λ),

ãäå:

K01 = −LBA2 − A3ÄfB + f−

− 1

2

d

dt
(2A3Ȧ(fB + fC ) + A3fD) + 2A2Ȧ2(fB + fC )+

+ 2A2ȦfD + 2A2fF

K10 = f − LCA
2 − A3ÄfC
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K00 = 2Ȧ2A(LBB + LCC ) + 4LBCA
4Ȧ+

1

2
A4LDD+

+ 2A4Ȧ(LBD + LCD) + 2A5Ȧ2Ä(fBB + fCC ) +
1

2
A5ÄfDD+

+ 4fBCA
5Ȧ2Ä+ 2A5ȦÄ(fCD + fBD) + A3Ä(fB + fC )−

− 1

2

d

dt
(2A3Ȧ(fB + fC ) + A3fD)− f − 2A2Ȧ2(fB + fC )−

− 2A2ȦfD − 2A2fF + A2(LC + LB)

K11 = −f
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Äëÿ äâóõ âàðèàíòîâ óñëîâèÿ óñòîé÷èâîñòè ïðè áîëüøèõ

ýíåðãèÿõ ïðèíèìàþò âèä:
K00 > 0

K01 < 0

K10 > 0

K11 < 0

À óñëîâèå îòñóòñòâèÿ ñâåðõñâåòîâûõ âîçìóùåíèé èìååò âèä:{
|K00| > |K01|
|K10| > |K11|
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Óñëîâèÿ óñòîé÷èâîñòè è îòñóòñòâèÿ ñâåðõñâåòîâûõ âîçìóùåíèé

è óðàâíåíèÿ äâèæåíèÿ îêàçûâàþòñÿ íåïðîòèâîðå÷èâûìè è

èìåþò ðåøåíèÿ êàê äëÿ ïåðâîãî âàðèàíòà, òàê è äëÿ âòîðîãî:

Äëÿ ñëó÷àÿ:

L = (Cn + αBn)Aµ�Aµ + kBn+ 2
3 + lCn+ 2

3 ,

Aµ = {βt−1, 0, 0, 0}

k < −l(Un
Qn

+ 1)

kWn + l(Un +Wn) > 0

k + l > 0,
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ãäå:

β = (
Un

k + l
)
3
2 ;

Qn =
2n

n + 2
3

;

Wn =
2n + 2(1 + α)(2n2 − 8n + 1)

n + 2
3

+

+
2 + 2(1 + α)(6n2 + 7n + 1)(n − 1

3)

(n + 2
3)(6n + 1)

;

Un =
1 + (1 + α)(6n2 + 7n + 1)

(n + 2
3)(6n + 1)

.
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1 0 < n ≤ n1,
0 < 1 + α;

2 n1 < n < n2,
0 < 1 + α < − 1

(n− 1
3
)(6n2+7n+1)+(6n+1)(2n2−8n+1)

;

3 n2 ≤ n,
0 < 1 + α;

ãäå:

(n − 1

3
)(6n2 + 7n + 1) + (6n + 1)(2n2 − 8n + 1) = 0 (0.1)

n1 - ìåíüøèé ïîëîæèòåëüíûé êîðåíü óðàâíåíèÿ (0.1), à n2 -

áîëüøèé ïîëîæèòåëüíûé êîðåíü òîãî æå óðàâíåíèÿ. Çíà÷åíèÿ

n1 è n2:

n1 =
−
√
103 + 11

9
≈ 0.0946...

n2 =

√
103 + 11

9
≈ 2.3499...
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Äëÿ ñëó÷àÿ:

L = D2Aµ�Aµ + kB2 + lC 2 + vF 6

Óðàâíåíèå äâèæåíèÿ èìååò âèä:

β4 =
3k + 3l − 5

v

Óñëîâèÿ óñòîé÷èâîñòè è îòñóòñòâèÿ ñâåðõñâåòîâûõ âîçìóùåíèé:
l > 3− k

l < 0

l > 36−12k
13

v > 0

(0.2)
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Îáëàñòü çíà÷åíèé ïàðàìåòðîâ (k , l), êîòîðàÿ ÿâëÿåòñÿ

ðåøåíèåì ñèñòåìû (0.2), èçîáðàæåíà íà ðèñóíêå íèæå:
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Äëÿ ñëó÷àÿ:

L = CnAµ,θAθ�Aµ + kBn+1 + lCn+1.

Îáîçíà÷èì:

Qn =
4n + 1

n + 1
+

6n2 + 9n − 1

(n + 1)(6n + 3)
,

Wn = −n(6n2 + 9n − 1)

(n + 1)(6n + 3)
+

2n2 + 8n + 5
2

n + 1
,

Un =
6n2 + 9n − 1

(n + 1)(6n + 3)
.

Òîãäà óñòîé÷èâîå ðåøåíèå èìååò âèä:

Aµ = {βt−1, 0, 0, 0},

ãäå:

β = − Un

(k + l)
.
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Ïðè ýòîì k è l äîëæíû óäîâëåòâîðÿòü óñëîâèÿì:

ïðè 0 < n <

√
35
3
−3

4 : 
k < l(Un

Qn
− 1)

k > l( Un
Wn
− 1)

k + l > 0,

ïðè n >

√
35
3
−3

4 : 
k < l( Un

Wn
− 1)

k > l(Un
Qn
− 1)

k + l < 0.

Ïåòðîâ Ïàâåë Êîíñòàíòèíîâè÷ Âåêòîðíûå ãàëèëåîííûå ïîëÿ



Äëÿ òîãî ÷òîáû òåîðèÿ ÿâëÿëàñü ãàëèëåîíîì â èñêðèâë¼ííîì

ïðîñòðàíñòâå, íåáõîäèìî, ÷òîáû â òåíçîðå ýíåðãèè-èìïóëüñà

îòñóòñòâîâàëè òðåòüè ïðîèçâîäíûå êàê ïî ìåòðèêå, òàê è ïî

ïîëÿì.

Òåíçîð ýíåðãèè-èìïóëüñà äëÿ ëàãðàíæèàíà :

L(1) = f (F ,B,C ,D)Aθ�Aθ + L(Aµ;Aµ;ν),

â ñòàðøåì ïîðÿäêå èìååò âèä:

Tµνδg
µν ⇒fB

√
−ggµθ(δB∂µθF + δF∂µθB)+

+ fC
√
−ggµθ(δC∂µθF + δF∂µθC )+

+ fD
√
−ggµθ(δD∂µθF + δF∂µθD) + ...

(0.3)
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Ðàññìîòðèì îòäåëüíî êàæäîå ñëàãàåìîå â (0.3) â ñòàðøåì

ïîðÿäêå.

1 Ïåðâîå ñëàãàåìîå:

fB
√
−ggµθ(δB∂µθF + δF∂µθB)⇒
⇒
√
−gfY gµθ(F ν∂νµθF − F ν∂νµθF )δF = 0 + ...

2 Âòîðîå ñëàãàåìîå:

fC
√
−ggµθ(δC∂µθF + δF∂µθC )⇒

⇒ −2fC
√
−gg ξψAλ;θAθAµAνAρ(∂ξψρAλ − ∂ξψλAρ)δgµν + ...

3 Òðåòüå ñëàãàåìîå:

fD
√
−ggµθ(δD∂µθF + δF∂µθD)⇒

⇒ −fD
√
−gAλAρAµAνgψθ(∂ψθλAµδgρν − ∂ψθλAρδgµν) = 0 + ...
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Ðàññìîòðèì ñëó÷àé, êîãäà:

fC 6= 0

Ïîïðîáóåì äîáàâèòü â ëàãðàíæèàí ïåðâîãî òèïà äëÿ ïîëÿ Aν
äîïîëíèòåëüíîå ñëàãàåìîå âèäà P(Aµ,Aν;θ; gξψ) , òàêîå, ÷òî
ïðè åãî äîáàâëåíèè ñîêðàùàëèñü áû òðåòüè ïðîèçâîäíûå â

òåíçîðå ýíåðãèè-èìïóëüñà.

Îáùèé âèä äëÿ ñëàãàåìîãî P ïðè óñëîâèè, ÷òî

ðàññìàòðèâàþòñÿ òîëüêî âàðèàíòû, ñîäåðæàùèå òåíçîð

êðèâèçíû â ñòåïåíè íå âûøå ïåðâîé, - ýòî:

P = RµνθρK
µνθρ(Aξ;λ;Aψ),

Íî, ïðîâåäÿ áîëåå äåòàëüíûé àíàëèç, ïîëó÷àåì, ÷òî

íåâîçìîæíî ïîäîáðàòü òàêîå ñëàãàåìîå P, ÷òîáû ñîêðàòèòü

òðåòüè ïðîèçâîäíûå Tµν .
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Àíàëîãè÷íî äëÿ âòîðîãî âàðèàíòà ëàãðàíæèàíà ïîëó÷àåì, ÷òî

â Tµν îñòàþòñÿ òðåòüè ïðîèçâîäíûå, à òàêæå òî, ÷òî

íåâîçìîæíî äîáàâèòü òàêîå äîïîëíèòåëüíîå ñëàãàåìîå â

ëàãðàíæèàí, ÷òîáû èçáàâèòüñÿ îò òðåòüèõ ïðîèçâîäíûõ â Tµν .
Ïîýòîìó ïðè óñëîâèè, ÷òî ðàññìàòðèâàåòñÿ òîëüêî âîçìîæíîñòü

äîáàâëåíèÿ ÷ëåíîâ, ñîäåðæàùèõ òåíçîð êðèâèçíû â ñòåïåíè íå

âûøå ïåðâîé, îáùèé âèä ëàãðàíæèàíà, ñîäåðæàùåãî îäèí

äàëàìáåðòèàí îò Aν , êîòîðûé ïðè ýòîì ÿâëÿåòñÿ ãàëèëåîíîì â

ïðîñòðàíñòâå ñ ïðîèçâîëüíîé ìåòðèêîé, - ýòî:

L gal
(1) = f (B,D,F )Aθ�Aθ + L(Aµ;Aµ;ν).
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Óñòîé÷èâîå ðåøåíèå, íàðóøàþùåå èçîòðîïíîå
óñëîâèå ýíåðãîäîìèíàíòíîñòè.
Èçîòðîïíîå óñëîâèå ýíåðãîäîìèíàíòíîñòè:

Tµνn
µnν > 0,

ãäå nν - ïðîèçâîëüíûé ñâåòîïîäîáíûé è èçîòðîïíûé âåêòîð.

Äëÿ óïðîùåíèÿ äàëüíåéøåãî àíàëèçà áóäåì ðàññìàòðèâàòü

ñëó÷àé, êîãäà ôóíêöèÿ f çàâèñèò íå îò òð¼õ ïåðåìåííûõ, à îò

îäíîé ïåðåìåííîé, ñîäåðæàùåé ïðîèçâîäíóþ, è ïåðåìåííîé F .
Î÷åâèäíî, ÷òî âàðèàíò:

f = f (F )

L = f (F )Aθ�Aθ + L(Aµ;Aµ;ν)

íå ÿâëÿåòñÿ ãàëèëåîíîì, ò.ê. F = AνA
ν , ïîýòîìó íå

ïðåäñòàâëÿåò èíòåðåñ äëÿ äàëüíåéøåãî àíàëèçà.
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Ðàññìîòðèì ñëó÷àé, êîãäà:

f = f (B,F )

L = f (B)Aθ�Aθ + L(Aµ;Aµ;ν),

Çàìåòèì, ÷òî ÷ëåí ñî âòîðûìè ïðîèçâîäíûìè â ýòîì âàðèàíòå

àíàëîãè÷åí ÷ëåíó ñî ñòàðøèìè ïðîèçâîäíûìè â ãàëèëåîííîì

ëàãðàíæèàíå äëÿ ñêàëÿðíîãî ïîëÿ ñ òî÷íîñòüþ äî çàìåíû:

π → F ,

ãäå π - ñêàëÿðíîå ïîëå.

f (F ,B)[Aµ�Aµ + Aµ,νA
µ,ν ]→ 1

2
f (π;

1

4
πνπν)�π.
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Ðàññìîòðèì âàðèàíò f = f (D,F ), òîãäà ëàãðàíæèàí èìåþùèé

óñòîé÷èâîå ðåøåíèå, ïðèíèìàåò âèä:

L = D2Aµ�Aµ + kB2 + lC 2 + vF 6.

Óñòîé÷èâîå ôîíîâîå ðåøåíèå, íàðóøàþùèå NEC, èìååò âèä:

Aµ = (βt−1, 0, 0, 0).

Óðàâíåíèå äâèæåíèÿ ïðèíèìàåò âèä:

β4 =
3k + 3l − 5

v
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Ñèñòåìà óðàâíåíèé íà óñòîé÷èâîñòü ôîíîâîãî ðåøåíèÿ,

íàðóøåíèÿ óñëîâèÿ NEC è îòñóòñòâèå ñâåðõñâåòîâûõ

âîçìóùåíèé ïðèíèìàåò âèä:

l < 0

l > 3− k

l < 3.5− k

l > 36−12k
13

v > 0

(0.4)

Òåíçîð ýíåðãèè-èìïóëüñà èìååò âèä:

T00 = 0; Ti0 = T0i = 0

Tij = −β8t−12(4(k + l)− 14)ηij
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Îáëàñòü çíà÷åíèé ïàðàìåòðîâ (k , l), êîòîðàÿ ÿâëÿåòñÿ

ðåøåíèåì ñèñòåìû (0.4), èçîáðàæåíà íà ðèñóíêå íèæå:
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Âûâîäû 1/3

Ïîñòðîåíû ëàãðàíæèàíû äëÿ âåêòîðíûõ ïîëåé,

ñîäåðæàùèå âòîðûå ïðîèçâîäíûå, íî ïðèâîäÿùèå ê

óðàâíåíèÿì ïîëÿ âòîðîãî ïîðÿäêà.

Ïîëó÷åíû óñëîâèÿ óñòîé÷èâîñòè è óñëîâèÿ îòñóòñòâèÿ

ñâåðõñâåòîâûõ âîçìóùåíèé äëÿ äâóõ âàðèàíòîâ

ëàãðàíæèàíîâ äëÿ îäíîðîäíîãî è èçîòðîïíîãî ôîíîâîãî

ðåøåíèÿ â ïëîñêîì ïðîñòðàíñòâå.

Äëÿ äâóõ âàðèàíòîâ ëàãðàíæèàíîâ ïîêàçàíà âîçìîæíîñòü

ñóùåñòâîâàíèÿ îäíîðîäíîãî è èçîòðîïíîãî óñòîé÷èâîãî

ðåøåíèÿ, óäîâëåòâîðÿþùåãî óñëîâèÿì îòñóòñòâèÿ

ñâåðõñâåòîâûõ âîçìóùåíèé íàä íèì.

Ïåòðîâ Ïàâåë Êîíñòàíòèíîâè÷ Âåêòîðíûå ãàëèëåîííûå ïîëÿ
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Â ÿâíîì âèäå äëÿ äâóõ âàðèàíòîâ ëàãðàíæèàíîâ íàéäåíû

óñòîé÷èâûå ðåøåíèÿ, óäîâëåòâîðÿþùèå óñëîâèÿì

îòñóòñòâèÿ ñâåðõñâåòîâûõ âîçìóùåíèé íàä íèìè.

Ïîêàçàíî, ÷òî ëàãðàíæèàí ïåðâîãî òèïà ïðè çàâèñèìîñòè

ôóíêöèè f îò C íåâîçìîæíî ñäåëàòü ãàëèëåîíîì â

èñêðèâë¼ííîì ïðîñòðàíñòâå íèêàêèìè äîïîëíèòåëüíûìè

÷ëåíàìè âèäà: RµνθρK
µνθρ(Aξ,λ;Aψ).

Äîêàçàíî, ÷òî ëàãðàíæèàí âòîðîãî òèïà íåâîçìîæíî

ñäåëàòü ãàëèëåîíîì â èñêðèâë¼ííîì ïðîñòðàíñòâå

íèêàêèìè äîïîëíèòåëüíûìè ÷ëåíàìè âèäà:

RµνθρK
µνθρ(Aξ,λ;Aψ).

Íàéäåí îáùèé âèä ëàãðàíæèàíà, ñîäåðæàùåãî îäèí

äàëàìáåðòèàí îò Aν , êîòîðûé ÿâëÿåòñÿ ãàëèëåîíîì â

ïðîñòðàíñòâå ñ ïðîèçâîëüíîé ìåòðèêîé.
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Ïîêàçàíî, ÷òî âàðèàíò, êîãäà ôóíêöèÿ f çàâèñèò òîëüêî îò

äâóõ ïåðåìåííûõ è F ñîîòâåòñòâåííî, ÿâëÿåòñÿ àíàëîãîì

ñêàëÿðíîãî ãàëèëåîíà, êîòîðûé óæå èññëåäîâàëñÿ â

ðàçëè÷íûõ ðàáîòàõ.

Íàéäåí âåêòîðíûé ãàëèëåîííûé ëàãðàíæèàí, êîòîðûé íå

ÿâëÿåòñÿ àíàëîãîì ñêàëÿðíîãî ãàëèëåîíà, ò.å. ÿâëÿåòñÿ

íîâûì è àêòóàëüíûì äëÿ äàëüíåéøåãî èññëåäîâàíèÿ.

Ïîêàçàíî íàëè÷èå ó ýòîãî ãàëèëåîííîãî ëàãðàíæèàíà

óñòîé÷èâîãî ðåøåíèÿ, íàðóøàþùåãî èçîòðîïíîå óñëîâèå

ýíåðãîäîìèíàíòíîñòè, ÷òî îòêðûâàåò âîçìîæíîñòü

ïîñòðîåíèÿ ðàçëè÷íûõ ïåðñïåêòèâíûõ êîñìîëîãè÷åñêèõ

òåîðèé, ðàññìàòðèâàþùèõ íàðóøåíèÿ óñëîâèÿ NEC.

Ïåòðîâ Ïàâåë Êîíñòàíòèíîâè÷ Âåêòîðíûå ãàëèëåîííûå ïîëÿ



Ñïàñèáî çà âíèìàíèå!
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