Removing Ostrogradsky’s ghost from
general higher derivative gravity
and Its cosmological applications.
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GR: BIxX/)LF+—EEICE\NWTHEMRER

Quantum Gravity : 5L X/ILF—THEX

LF<HASNTWBH: L =R+ aR* (Starobinsky
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M2
S = TP” /d4x\/7—g (R—2A+ aR* + SR, R")
. 1 . .
metric: d82 — —dtQ -+ (523 -+ hij -+ §hzkhk])d$zd$‘]
M2 -
g = Tﬂ /dnd% L(R)? + h70%hi; + B [(BL)? + 2R};0°R + (0%hij)?] }

Hamiltonian:
Mg, [ s [ 1 4 ij :
H=—1 [d% 1P P T i — 264i;07qi;
—qijq" — BO"hi;0°h" — hi;0°hij| .
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EIIZTELHDRIEETdD B! [Chen et. al. 2013]

WE) SRR A ET
Lagrangian:
LD (h;{f,.)2 LD (W — Xij)?, Nij0?hi

FEDEEM D «—— RS
[extra d.o.f (ghost)] [Good for renormalizability]

Hamiltonian:
H D mqi; Positive! due to 7;; X @55




EIIZTELHDRIEETdD B! [Chen et. al. 2013]

/Reduced Hamiltonian \
1

HR — Zﬂ'ij(l — 2682)7&'7;3'

+ W7 (=0% + 3B0°0%) hy;

k [All terms are Quadratic] /

Hamiltonian:
H D mqi; Positive! due to 7;; X @55
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TEXUTco  YAkita and T. Kobayashi, [arXiv:1507.00812[gr-gc]]
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/TN S — /d437\/ —4 f(R7 R,UJVR’LLV7C,LLVPO'C'LLVPO-)
ry =R, roi=R,RY, r3:=C,,,,C""
Quadratic action:

2
g = / A4y {% (AR + Ch;0%hsj) + g [hé’f + 2h;;0°hi; + (32%')2} }

REDERE : fi = 0f/0r;

B:=2f+4fs
2 8f3 , H R FEZ D
A= 2fi+ 5 (H+H) - 4f; .
8 f: , 4 f 9
C o= 2k g () G (=28
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RO = /‘d’4'2j V =9 f(R7 R,UJVR'Mya CMVpUC'LLV’OG)
ryi=R, r2:=RuRY, r3i=CupeCt

Quadratic action:

2
g = / A4y {% (AR + Chj0%hyj) + g [hé’f + 2h;;0°hi; + (32%)2} }

Hamiltonian:

y 2 1
H = /de{ﬂ- JQij 4+ Ep?g — ghw (CL2C§2 -+ 68282) hij

1
— g (a®A+2507%) Qij}
12



2
S = / d'z {% (AR + Chi;0%hij) + g R+ 21,0 + (0%hiy)”| }

LD (hY)? L (R — Xij)?, Xij0Phy;
SEDOEEMD «—— Z2EMD
[extra d.o.f (ghost)] [Good for renormalizability]

Constructing hij := hij <— " := 0L/,
Hamiltonian:  «; := hj; «— p" := 0L/Oh;
)\ij L= )\Z’j%ﬂ&]:o 13




Hamiltonign with constraint

s [ 2. B .
H = /d‘:c 7r3q.z-j + Bpfj + )\ij (pij — Eazhij)

Primary constraint ¢:: 7y =0

WSecondary constraints ‘- primary constraint
DESMHEI S,

do: o1 =0 {¢1,H}pp =0 %4

BERHOWEFENME SN D, 1,0, Tij X G5
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Generalization: Reduced Hamiltonian

BONIHREHERTES & | |

WReduced Hamiltonian - tensor perturbation

at A2

2 1
Hp — /d3${ mij (a®A —2B0%) mi; + ghz’j (—a®C8* + 380°0%) hz’j}

A C, >0
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| Results of Stabilization

/ Phase space dimensionality:

Original: 8 d.o.f - h;,;, q;; and their conjugate

add A;; and conjugate — +4 d.o.f P12 d.of

+8 second class constraint

&

N

» 4 d.o.f: same with GR [ghosts are removed]

J
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ds? = a? [— (1 — Bz-Bi) dn?* + 2B;dz'dn + 5z'jd$id$j]

NI MUVE—RFE 22 AEZINICHRED

a’A .,
S=/d4$ (05 + 0:0°0;5) 4 % | with Uij = 0;B;
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B /. ~ \2 . 0. |, GPA
S=/d4${z (vgj_/\'z'j) + 0;;0%0;; | - 1 ’Ufj

s (T .« B. .o. a’A .
H = /ddm ( ,63 7Tz’j>‘ij - sz‘jaz’vz’j 1 Ufj)

primary constraint, Secondary constraints, -

reduced Hamiltonian Vanishes!
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Flat gauge metric:
ds* = a* [—(1 + 2®)dn’ + 28; Bdndz® + 6;;dz'dz’|

Quadratic action:
S = / d'z[by (®)° + by (8°® + B')* + b,®'B' + b398’
+¢,D% + c,@0°D + 3 OB + ¢, B + 05882<I>]

B:=0?B
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Quadratic action:
S = / d*z by (9')° 4 by (0°® + B')" + b,@'B’ + b3 0B’
+¢19% + ¢, @0°P + 3B + ¢,B* + ¢;80°D)

Hamiltonian:

. [3 1 e . \° w2 2T+ B ..
H= [ &|> (15— 22 _ byd — 2b,0°® I 22
/ "’"[45 ("’3 3H : ) Yoz~ 3 909

—Cl¢2 - (:2(1)82(1) - C;;(DB - 0482 - 05882<I>] "
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WREZHFEDODAN:
g — / A4z [bo(®')? + by (8°® + B' — A)* + b,@(B' — \) + bs®(B' — \)
+¢1D% + o PO° D + c3PB + c4B? + 65832<I>].

2FED. B — B -\ £EAT 3,

Reduced Hamiltonian:

e < 2I+B Py 2 2 ~ ~ ~-
_ 3 2 2 2 3 Fa2
Hp = /d | ST e (6°3) + di®* - d,®0 ®
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WPrimordial power spectrum

1 2>
— A+ sBH? 72 s ~ const. = O(1)

Ph

Assumptions: de Sitter [Imit.
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Effective gravitational coupling

BHERINGEET DB 0T) = —pb, 6T = pdidq, 6T} =0.
§(V,TH) =0.h5, &+ = B,
6 + Héqg = —.
— BEPSZTODHEEBAHEN :

§" +HS = 0°® + B + HB.
Source%Einstein eq TR %
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8" +HS = 8°® + B + HB.

GR case: £ = —-3MZa*H*®* — 2M2,a*HIB + L.
Line = —a’p(®6 + Bég). ~ 59" 8T,

Einsteln egs.
<p 5+ W = O
6H2D + 2HB = ——1-6, -+ ~ .
M, On sub-horizon scales.
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8" +HS = 6*® + B + HB.

Constrained case: [~ B2+ ¢.B5%® + L

int -

Line = —a"p(®6 + Béq). ~ 5"V 6T,

CInstein egs.
csk’B + apd = 0,
2csBB — csk*® — a*pdg = 0,

4

9+ B +HB ~ L (2¢c4 + ¢ — 2Hcs)0.

ck?
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8" +HS = 6*® + B + HB.

2
4P s.

~ 2MZ,

GR case: 6" + HE'

Constrained case:

4

0*°®+ B +HB ~ ;]52 (2¢4 + ¢z — 2Hcs)o.

a*(2¢c4 + ¢ — 2Hcs)

47TGeff — C§k2

Geg ~ Mp2(a?H2/K?) < M2
MBEDZREDSEMN, DRT—I)LTHREUR,
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Effective gravitational coupling
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