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Motivation: dynamical dark energy

Equation of state
p = we 00
Phantom line crossing o4
w< —1 >

leads to negative kinetic energy.
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Approaches to dark energy problem |

Unimodular gravity!

Sostlgu Al = /d% [\/§R YN 1)}

constraint
Equations of motion

1 1
Ry, — §g,uz/R = _5)\9#1/1 A=3R

Equation of state: p = —¢

"Henneaux& Teitelboim 1989, Unruh 1989
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constraint
Equations of motion
1 1 1
Ry, — §g,uz/R = _5)\9#1/1 A= §R

Equation of state: p = —¢
Constancy of A
VuA=0 = X =const

Symmetries
5£SUM =0 & 8,@“ =0

"Henneaux& Teitelboim 1989, Unruh 1989
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Approaches to dark energy problem Il

Generalized unimodular gravity?

Scume = /d433 [\/gR - )‘((_900)_1/2 - N(’V))}, v = det ;.

constraint

2Barvinsky&Kamenshchik 2017
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Approaches to dark energy problem Il

Equation of motion

1 1

G/u/ = RMV - 5 guuR = 5 Tuuv

2 4 /4 00\—1/2
T, =— dz A ((— - N =(e+p)upuy +pGuv,
N T ((=9™) (7)) = (e +p) uy Iu
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Approaches to dark energy problem Il

Equation of motion

1 1

G/u/ = RMV - 5 guuR = 5 Tuuv

2 4 /4 00\—1/2
T, =— dz A ((— - N =(e+p)upuy +pGuv,
N T ((=9™) (7)) = (e +p) uy Iu

Perfect fluid parameters

A dln N
p = we, w:2n7(7), uuz—csgN(’y)

dln~y
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Compatibility with GR

GUMG e.o.m. in terms of projector
PG =0, PBr7 = 0,09 — [upty + w(upy + gu) | wPu’
Comparison with GR e.o.m. solutions

Guw=0 = P,"G,=0.
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(3+1)-decomposition and symmetries

Equation on gauge parameters 3

5¢ [(_900)71/2 _ N(fy)] ‘N(y) — N[8t§O _ (1 + w)Nkak§O . walfl] —0.

3(3+1)-decompositions of metric g.. <> (N, N*, 7;5)

—N?2 4+ N'N; N; N=(=¢"Y"% v = gis,
Juv = N = i ij
J Vig N; = goi, N*=~"N;
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(3+1)-decomposition and symmetries

Equation on gauge parameters 3

O[(—g) = N[ = N[ — (L )N —wre!] =

()

Its solutions

[0 0w 3
$VWQL mﬂ‘Q5V¢w¢@0+mew

3(3+1)-decompositions of metric g.. <> (N, N*, 7;5)

—N?2 4+ N'N; N; N=(=¢"Y"% v = gis,
Juv = N = i ij
J Vig N; = goi, N*=~"N;
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Degrees of freedom count |

GUMG configurational space

§S/6A=0 = N=N(7), (N v;) — 9 conf. variables
7l = OL/6%i;, Pi= 6L/SN*® = 0 — primary constraint
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Degrees of freedom count |

GUMG configurational space

§S/6A=0 = N=N(7), (N v;) — 9 conf. variables
7l = OL/6%i;, Pi= 6L/SN*® = 0 — primary constraint

Bifurcation in the canonical constraints

P,=0= H;,=0 = 0T=0&
SN—— SN——

primary secondary

T=Q() = 8;S=0
T=0 7é> quaternary

tertiary
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Degrees of freedom count |

GUMG configurational space

6S/6A=0 = N =N(v), (N’ ;) —9 conf. variables
7l = OL/6%i;, Pi= 6L/SN*® = 0 — primary constraint

Bifurcation in the canonical constraints

T =Qt o
—— ——

~——
T=0 7é> quaternary
primary secondary
tertiary
Two branches:
T # 0 branch
T = 0 branch e (P, H;,0,T,0;S) — 8
e (P, H;,T) — 7 constraints constraints
o All of them — first class @ 4 are of the first class

@ 4 are of the second class
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Degrees of freedom count Il

General formula for d.o.f.

# of phys. # of canon. # of 1-st cl. # of 2-nd cl.
2% = . —2X ; — .
d.o.f. variables constraints constraints
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Degrees of freedom count Il

General formula for d.o.f.
# of phys. # of canon. # of 1-st cl. # of 2-nd cl.
2% = . —2X ; — .
d.o.f. variables constraints constraints

Our case

@ T'=0 branch: (2 x9—-2x7)/2=2d.of — graviton
@ T'# 0 branch: (2 x9—2x4—1)/2=3d.of. — graviton + scalar
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Degrees of freedom count Il

General formula for d.o.f.
# of phys. # of canon. # of 1-st cl. # of 2-nd cl.
2% = . —2X ; — .
d.o.f. variables constraints constraints

Our case

@ T'=0 branch: (2 x9—-2x7)/2=2d.of — graviton
@ T'# 0 branch: (2 x9—2x4—1)/2=3d.of. — graviton + scalar

Role of 3-rd d.o.f. 7
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Background equations

Background metric

ds? = —N?(a) dr* + a*(7) 04j(2) dz'dx’
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Background equations

Background metric

ds? = —N?(a) dr* + a*(7) 04j(2) dz'dx’

Background e.o.m.

"
H—E:—f(l—i—w)(H?—i——
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Background equations

Background metric

ds? = —N?(a) dr* + a*(7) 04j(2) dz'dx’

Background e.o.m.
k k 1dln N
). w(a) = LN

. 3
-2 - _2n (H2 Ll -
a? 2( +w) +a2 “ 3 dlna

“Friedmann” equation

k 1C
0t 5 = 5 Na
]g 1 a C C'is an integral of motion
LA Y R L S
2~ 2TV
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ds? = —N?(a) dr* + a*(7) 04j(2) dz'dx’

Background e.o.m.
k k 1dln N
). w(a) = LN

. 3
-2 - _2n (H2 Ll -
a? 2( +w) +a2 “ 3 dlna

“Friedmann” equation

k 1C
0t 5 = 5 Na
]g 1 a C C'is an integral of motion
LA YOS i
2= 30t ng
Energy density
C de €
= — —=-3(1 -
“T N da (1+w) a
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Linear perturbations

Metric perturbations
5’77;]' = az (7‘,’] + QV(iFj) — 21/) Uz’j + QVZ‘V]'E), tii = Vitij = VZFZ = O,
SN'=V'B+V', V;V'=0.
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Linear perturbations

Metric perturbations

5’77;]' = az (7‘,’] + QV(iFj) — 21/) Uij + QVZ‘V]'E), tii = Vitij = VZFZ = O,
SN'=V'B+ Vi V,Vi=0.

Physical Lagrangian S = S5+ S;, (k= 10)

where

N.Kolganov (MIPT, JINR)

1
Siltiz] =

1 /d?”]dSCC a2(t§j2 — (8ktij)2),

Syly] = % / dn d3z 22 (W + 2 wm).

w ldlnw
2t =g al cs_§(1+w), Q_1+w+§dlna
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Linear perturbations

Metric perturbations

5’77;]' = a® (7‘,‘} + QV(iFj) — oy + QVZ'V]'E),
SN'=V'B+V V,Vi=o.
Physical Lagrangian S = S5+ S;, (k= 10)

St[tij] jl/dndgxa ( (8kt1]) ),

ngzzi/ﬁnfx2%w0+«ﬁwA¢)

th =Vt = V,F' =0,

where

ldlnw
(1+w), Q_1+w+§dlna

o
iO\S

Mukhanov-Sasaki form of equation (¢ = z1))

1 "

&__Q/lmd%(ﬁﬂ+w§ﬁAﬁ+zqﬂ)
z
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Inflation model

Exponential growth condition

1

E, CL—>O

w(a) > -1 = N(a)—
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Inflation model

Exponential growth condition

1

E, CL—>O

w(a) > -1 = N(a)—

Ansatz satisfying the condition above
1 a3 a 08 1
N =1+ (=) +B(2) +..] 8>3

w(a):—l—l—(i)?)—i—...

ao
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Inflation model

Exponential growth condition

1

E, CL—>O

w(a) > -1 = N(a)—
Ansatz satisfying the condition above
1 a3 a\ 98 1
N =1+ (=) +B(2) +..] 8>3
PN
w(a):—l—i—(a—o) +...

Crucial observable parameters

3
ne~1-248, f=1-a8
52 \/@fﬁ(a)—w 2 C

* 7 2Tm2 M} \ao ’ 073
oL (@)

T_@<ao) ’
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Conclusions

GUMG is ...
e Complicated gauge model, which d.o.f. number depends on initial
(boundary) conditions.
o Failure attempt to obtain phantom line crossing without inestabilities
2 2 _ w(l+w)

Q
z oc5>0, cS—T>O

e Gravitational model, whose additional d.o.f. — scalar graviton can be
responsible for inflationary perturbations with the parameters close to

observable
ns — 1 ~ —0.04, B = o)
62 ~10710, N ’
AS ~ 0.05.
r<l1,
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Thank you for your attention!
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