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Exact solutions in Lovelock gravity:

* Power-law vacuum solutions:

ds® = —dt*+Y_t*Pda}, Y pipippm =0, > pu=3
k n

i<j<l<m

* Exponential solutions:

N
ds® = —dt® + ZeZHkt dz?, Hj = const
k=1



1

S = 2/{;2 /dN+1CC\/ {;CE +algp + »Cmatter}

Ly =R, Lcp=RapsR*®° —4R,5R*® + R?

Matter is a perfect fluid with the equation of state p = wp




S HP+ > HiHp+4a) H? > HpH+

] {i>k}#j i#] {k>0}{i,5}

+120 Y HHHH,=-wx j=1N
{i>k>l>m}#j

2
ZHZHJ+12O£ Z HiHijHl:%, %:%
1>7 i>j>k>1

Continuity equation:

p=0
pH(ptp) Y Hi=0 < (p+p) Y Hi=0 < p=—p
i i ZkaZO



Exponential solutions are divided into
two different types:

@ with constant volume:

dV = \/—gexp (ZHk) dVz, > Hy=0
k k

@ with volume changing in time:

* vacuum solutions (p = 0)

+ A-term solutions (p = —p)



Space splits into isotropic subspaces

spatial dimensions N = 4:

* isotropic case: H1 = Hy = H3=Hys= H € R

* (3+1)-splitting: H; = Hy = Hy = H = ﬁ Hi=heR

* (2+2)-splitting: H; = Hy = H, Hy = Hy=h, Hh = _4l

{07

« is coupling constant




Space splits into isotropic subspaces

spatial dimensions N = 5:

* isotropic case: Hy = Ho = H3y=H,=H; =H € R
* (4+1)-splitting:

1
Hy = Hy— Hy— Hy = H — H.=heR
1 2 3 4 Vi v
* (2-2+41)-splitting:
1
H —Hy——Hy——Hy=H=—— Hs=heR
1 p 3 4 Jia

* (3+2)-splitting:

4 H? 1
Hy—=Hy=Hs=H, Hy=Hy=h h=——-2%1
S8Ha«




| Vacuum solutions:|

¢ spatial dimensions N = 4:

1
Hy=Hy,=Hs=Hy= , a<0
—2«
¢ spatial dimensions N = 5:
@ isotropic:
1
Hi=Hy=H3;=H;,=H;= ——, a<0
1 2 3 4 5 e a

@ (3+2)-splitting:
Hy=H;=H3=H, Hi=H; =¢H

4o

2
fe) = 16t

¢=9T_VI0_25 0722 (3¢ +2)

a>0




ds® = —dt* + ™" dz] + 22! dad + 2T daf + M4 do}
‘ (H17H27H37H4) ‘ A<_%, a<0 ‘
H,H,h,h No
(
H,H,H,h No
(
(H,H,H,H) |H>=L (—1 +4/1+ MTQA)
‘ (HlaHQaH3aH4) ‘ A:_%a a<0 ‘
(H,H,h,h) H?=h?=-L
H?=-L,
(H,H,H,h) T
(H,H,H,H) H?=-1L




ds? = —dt? + e2Mit d:c% + g2Hat d:r% 4 e2Hst d:rg + e2Hat d:ci
‘ (HlaH27H37H4) ‘ A> _ﬁ, a<0 ‘
1 1 12 1
(H,H, h,h) HZ:Z(H2A+mi\/(“2A+m) —z),
h=— 1
4o
(H7H7H7h) No
(H7H7H7H) No




d82 = _dt2 + e2H1t dx% + e2H2t dl‘% _|_ e2H3t dl‘g + e2H4t dxi

T
A> gg. >0

mr =t (wn s gk flon s ) - )
1

(Hla HZ’ H3’ H4)

(H,H,h,h)

(H’H’-th)
(H,H,H,H) Hr= L (_1 N m)
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ds® = —dt® + 1" daf + 22! dzf + 23! daf + €27 da}
(Hi, Ho, Hs, Hy) 0<A< 55, a>0
(H,H, h,h) No
(H,H,H,h) No

(H,H,H.H) |H> =1L (_1 N W)
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d82 = _dt2+eZH1t d{L‘%—{—e2H2t dw%+e2H3t dmg—l—eZH‘lt dwi—i—eZHﬁ”t d:[,'g
(HlaH27H37H4,H5) a>0
= WTQA),M
(H,H,H,H,h) No
(H7H’_H’_H7h) H? = 4a’ h € R, A_ 20
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ds® = —dt*+e*1t daf +e2! dpf 42Tt daf+e? M4t daf+e*Hst daf
(Hl,...,H5) a<0
H:%( 1- 1+—6”§)°‘A>,A<—%
(H,H,H,H,H)
_%( 144/1+ 8220 ) A <o
(H,H,H,H,h) = e
(H,H,—H,—H,h) No




Vacuum isotropic solution:

|Hi=..=Hy=H|




Isotropic solutions with A-term:

|Hi=..=Hy=H|

ca>0

)
A= 2a(N — 2)(N — 3) , A>0

\/1 —|—4/12aA(N_ A= 1
2

ca<0

2%, (N—2)(N—3)_
:I:\/1—|—4/$ A NN —1) 1 NV 1)

A< e — v =3

2a(N — 2)(N — 3) ’



Solutions with ([N — 1]+ 1)—splitting:

\le...:HN_le, HNEh‘
1 NN -1)
H? = — A=—
2a(N —2)(N —3)’ 2alN —gv =3 “<°
heR




S HP+ > HiHp+4a) H? > HpH+

i#£j {i>k}#j i#£] {k>13#{4.5}
+120 Y HH HHp =—wsx, j=1,N
{i>k>I>m}#j

2
ZHiHj—i-lQOé Z HiHijHl:%, ;{:%
i>j i>j>k>1

N
ZHk =0
k=1




Necessary conditions for solutions to exist:

1
w < g
2 1 w—1 0
9520 20% — 1 (4 — 1Y%’ «=
P > plim(w)a plim(w) = D) 1 w—1
a<0

9x20020_ — 1 (w _ %)2’

o+ can be calculated numerically




v ([N—1]+1)—splitting: H =...=Hy_1=H, Hy=h:
2  NON-1 w-1

1 w—1
H2:_3a(N—z)(N—3) T e W=V -3) (o 1)

v N N Lt N H, = :H%EHGR,
(7+7)—sp itting, NV is even: Hy, =..=Hy=heR
2
1 w—1 2 N w—1 1
7, W< 5, a>0

10
3a(N —2) w—1 OnZa N =2 (1




v ([n+ 1] + n)-splitting, n = | 5], N is odd:
H]_:...: n+1EH, Hn+2::HNEh

g2 L (N —1)2 w—1
3a (N =3)(N2+ N +2) w— 1
2 NN-1D(N+1) w-1

P="9:2 2 2>
9k2a (N — 3)(N2+ N + 2) (w—3)

1
h=-(1+n"1YH, w<§, a>0




@ Solutions with volume element changing in time belong to
one of the two types:

@ vacuum solutions

@ solutions with A-term
These solutions exist only when space is split into isotropic
subspaces.

@ Solutions with constant volume element exist only when
matter density exceeds (or equal to) some critical value
which depends on the equation of state of the matter. The
parameter w of the matter should be smaller than %




|"Realistic" solutions: |

% (4+1)-dimensional spacetime:
* A-term solution

3

Hy = Hy = Hy = ra

HieR, A=-— a<0

1
V—4a’
% (5+1)-dimensional spacetime:

¢ vacuum solution: Hy = Hy, = H3=H, Hy = H; = &(H

216643
g2 — 18 ,f(§)=—¢,a>0
S _ Y02, 72 3§(3¢ +2)
4 ~—0.
* A-term solution: Hy = Hy = H3=H, Hy = Hs=h
4H?a+1
192 HSa~112 H*a?+(256 Ama + 4) H?a—1 =0, h= _78133
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Thank you!




Subtracting i-th dynamical equation from j-th one we obtain:

1
(Hj—Hi) B-i— Z H.H, ZHk—O
{e>1#{i.5}

0

H,'ZHJ' \% Z HpH, = ZHk—O
{k>13#40.5}
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