CMB PORALIZATION
IN
EISNTEIN-AETHER THEORY

hE IE#
The University of Tokyo, RESCEU

Work in progress with /NAEE(RESCEU)

I 20105 540E XX -XHEMBEFEDFRQOERE



Introduction to Einstein-Aether theory
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Basic quantities for Aether Field
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0 Energy-Momentum Tensor : Té?)=—\%% )
Ty =V, (J(aCAb) —J% A — J(ab)AC) + Yab + S9anLa + Ao Ay + cs ACAY(V  AQ) (Vadyp)

Jab = —[Cl V@A, + CQ5§VCAC + C3V5A“ + C4AaAcchb}
Yap = —1[(VeAa)(VEA) — (Vo Ae) (Ve A9

0 Equation of Motion for Aether Field :
1V VA, + Vo VA’ + 3V Vo A + ca[Vp (AP AV A,) — AP (VpA) (Vo A9)] = —AA,

0 Fixed Norm Constraint : A A =1

0 Einstein Equation : Gap = Téf) + SWGTégn)
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Vector Mode in Einstein-Aether Theory
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0 Background Z flat FRW&ET HEBERY Scalar/Vector /Tensor [T R TES
ds® = a*(n) [—(1+ 2¢)dn” + 2(B,; + S;)dndz’ + (6;; — 2065 + Eij + Fy j + Fj; + hyj)dz'da’]
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a

General Relativity TIXFETELELY, FT=73 Vector Mode AVHHIIR |

o CMB Polarization $¥IZ B-mode [& Vector or Tensor Mode MBS E RS D3,
EE%[X Decaying mode LMVELY Vector mode RBIRDEDILEMBA TN TLVS
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Our Works

0 Einstein-Aether Theory [Z817T B linear perturbation @) vector mode %
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Background Cosmology [Carrol & Lim, PRD (2004)]
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Covariant Formalism
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0 Fundamental 4-velocity Uq (ugu® =1) & Projection tensor Nab = Gab — UaUp
[2&DT. 1+3 HfiR
o EAREH -
1 1
v Energy-Momentum a)ﬁﬁﬂ —> p=Tyuu’, p= gha,bTab, Go = —TopuhS, Tap = h(achb)d - gthhab Teq
v 4-velocity DR DR —— Au = Uy = ucV U, O = D, 0 = Dqupy, Wap = Diauy)

1
v We)’I Tensor o)ﬁﬁz — > By = Cacbducuda Hap, = §€achCdbeue

0 Projected Covariant Derivative Q"“ b = UV QU

D.Q¥ . =hl by hG - VQYT

FRW metric M5 Perturbation Z& Gauge independent [CfRITTE5




Basic Equations -Einstein&Bianchi-
S

0 Constraint egs. G Evolution egs. A
1 2 . 2
D%, — icurlﬂa - ngG — kg, =0 Q, + g@ﬂa = curlA4,
1 1 ) 2 1
D%Eqy — K (g% + ng[H— EDaﬂab) =0 Oab + ggaab = —Eap — 5/ ab
1 : K| . e
D Hap — 5f [(p+ p)S2 + curlgy] = 0 Eap + OFq = curlHyp + 5 |Tab — (p+p)oa + 3 Tab
1 . K
Hap — curlogy + 5D,y =0 H.,py + ©H,, = —curlE,, — —curlmg
2 2 )

0 Conservation of Energy-Momentum Tensor

4
Qa + 36@1 + (p+p)Au - Dap+ Dbaab =0
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Aether Field in Covariant Formalism
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0 Fundamental 4-velocity Z{#2T. Aether Field Z& A, = u;, + lg‘bV(s) + Kg L i
[ Perturbation @) Scalar Parf} Perturbation @) Vector Parf\
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0 Aether DEB) FIERXAMND.
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C14 (Xa + §@Xa) = — (c13D°0ap + c1D*V, + c3Dy D, V) + %G)Va e—{ Xa = Vo + §®Va
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0 Aether @ Energy-Momentum Tensor Mo& 9 Z5tA LD E.

,O(A) — %@2, p(A) _ _% (2@ + @2) >  Background DENFEHEZEE
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Basic Equations for Vector Mode

in Einstein-Aether Theorz
I

0o BEARZEHZE ... (DZQZ‘I ...... o= g—sz ) TR (B Vector Part m = 1 I1Z3FEH)
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o BEBEARBZAWVWT. EXAERKD Vector Part [ERDKLIICESESND

L= 5 UET,
¢+ 4Hg+ = ), = curlu, =0
2 [zero-vorticity frame]
kKo = L (265%q — c13k°V) ZEATLD
1+ci3

cia [V + 21V + (HP+H) V] + o (H2 = H)V + c1k*V = C; ko
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Initial Conditions in early R.D. epoch
.,

O, H2 1
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Numerical Result from Modified CAMB
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Appendix -note on scalar & tensor mode-
.

Assuming single scalar field inflation [Armendariz-Picon et al. (2010)]
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