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What about the lower bound?
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1071

Upper bound:
r<7x10"2
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CMB-S4
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Detectable
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0003
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0001
3x107*

even low energy models
can have detectable GW
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Lower bound: - ~
r=< 10~ : O}:‘\S:;‘\ o) é_/_ ‘

S B
/ With our new GW
production mechanism,
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How come!?

sourced
GW

Additional contribution to GW can be much larger than
the conventional vacuum fluctuation of tensor mode.

:PGW ?VaC
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How come!?

sourced
GW

Additional contribution to GW can be much larger than
the conventional vacuum fluctuation of tensor mode.

What's it mean!?

® (Change predictions of models

:PGW ?VaC

® Non-trivial to fix p;,¢ from obs
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How come!?

sourced
GW

Additional contribution to GW can be much larger than
the conventional vacuum fluctuation of tensor mode.

-
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What's it mean!? zom(—)

® (Change predictions of moa/

® Non-trivial to fix p;,¢ from obs

:PGW ?VaC
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GW
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the conventional vacuum fluctuation of tensor mode.
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PRESENTAT!ON
Our scenario
3 X [Enqgvist&Sloth(2002),
GW version of Curvaton mechanism Lyth&Wands(2002),
Moroi&Takahashi(2002)]

Linflaton + Lspectator Lins i arbitrary

and responsible
for ¢ generation.

Pinf >> Pspec

Hi¢ source
Lspec IS added
g)vac K “Pg‘r/)\fc just to produce

GW during inf
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“PRESENTATION

How S |t work’

Adding axion-SU(2) gauge spectator sector
L = Linflaton
+%(6)()2 — put (cos;—( + 1)
1 A ~
== ZFM%FGHV bl EXFM%FaMV

Very well motivated terms in HEP (e.qg. String, SUGRA)
[cf. Chromo-natural inflation: Adshead&Wyman(2012)]
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How S |t work’

Adding axion-SU(2) gauge spectator sector

L = Linflaton —>

Y ol

1 i
Decoupled - > (0x)* = U)

\ Eas _ 4 [ spec
i _FF 4f)(FFJ‘ PP

Axion- SU(2) gauge spectator sector
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2 Key Points

(1) Background SU(2) field
| > Source GW at 1st order pert.

o yrollingdown V(y) ) Attractor A% = 6fa Ags(t)
[Maleknejad&Erfani(2014)]

o

o

§
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\ G = E'/
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PRESENTATION
[ Voee( A ut sin(l)
AN ’ lz 2 f =
SX) eff(A 6) 2 Apg + 3g] Agg l

- XBG
o

\\

XBG
>

o
1~
o/

SU(2) gauge field has non-zero vev A
while y is slowly rolling down its potential.

&l |

Amg > V3,
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PRESENTATION

2 Key Points

(1) Background SU(2) field
| > Source GW at 1st order pert.

~

o yrollingdown V(y) ) Attractor A% = 6fa Ags(t)

o EMT of A? is isotropic m) FRW universe

_ /
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PRES ENTATION

2 Key Points

(1) Background SU(2) field
| > Source GW at 1st order pert.

~

o yrollingdown V(y) ) Attractor A% = 6fa Ags(t)

o EMT of A? is isotropic m) FRW universe

o 1st order EMT has A%5A¢ m) hiP"" at linear

_ 4f
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PRES ENTATION

2 Key Points

2 Huge amplification only for tensor not scalar

5A]‘-‘ = 2 scalar + 2 vector + 2 tensor

No instability tp + t;

Either of them gets amplified
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sU2) £
Scalar .. o
pert. -

© Smaller than normal case. No instability for gAges > V2H

O They don't contribute to ¢ unless y becomes Curvaton.
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PRESENTATION

2 Key Pomts

(1) Background SU(2) field
| > Source GW at 1st order pert.

2 Huge amplification only for tensor not scalar

Enhance r without boosting 7,
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Result (mild case)
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Result (mild case)

S OSSN r=0.07.
1.x 10710} \
5.x 10} Ph :
Sourced GW hS)
o (o gl
5.x 10} can be much larger

AAAAA
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than vacuum h}’f‘c
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40 MMR/R,) / |
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N " Upperbound:
ri= X107
1073 = Detectable

=srd )

With our new GW
production mechanism,

even low energy models
can have detectable GW

\_ J

Lower bound: - ~
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Result (pi{f = 0.03GeV)

101}

10° 10-10 1073 1 10°

Kik,
Full numerical result w/ back reaction
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V @ Scalar perturbations:

/' @ Spectral index:

v 3 Energy hierarchy:
‘/ @ Backreaction:
/ ® Perturbativity:

[TF, Namba & Tada, 1707.03023]

Possible obstacles

0x,00,M = ¢
ps = H— ¢ EoM - n,
Py > Pa > Pry
(trtgr) = EoM of y, Agg

(tptr) Tree > lloop
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Result (piai = 0.03GeV)

< 10-0fl You can enhance r

as much as you want!

101}

10° 10-10 1073 1 10°

k/k, 7 dm
Full numerical result w/ back reaction VAR
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Bad NE@WS for observationalists

Without Py "¢, we believed

rn1/4
pie = 1016GeV( )

However, the correct energy scale might be

1/4
inf

»
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~ 1071GeV if Py > PYas

{ Other observables to distinguish P2, & Pgir }
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3 Umque signatures

\RPolarization hp #+ h; ==) TB&EB correlation

Tensor Non-Gaussianity (hhh) s large Bf3™"

Tensor tilt n, =) ntX—r/B
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PRESENTATION

TB, EB correlatlon

Chiral GW induces TB & EB cross correlations

(TT),{TE),{EE),(BB) x (hghg) + (h h.)
(TB),{EB) < (hghgp) — (h hp)

jl> By detecting TB & EB correlations,
we can distinguish ) from hy 4,
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LiteBI RD () CMB satellite mission

() Will be launched in 2020s

) Aimstodetectr = 1073

Channel (GHz)  fpwnm (amin)  op(r) [pKamin]  op(r) [pKamin

10.0 69.0 0.0 36.8
50.0 56.0 0.0 23.6
600 IS0 0.0 19.5
6.0 43.0 0.0 15.9
8.0 39.0 0.0 13.3
890 35.0 0.0 11.5
100.0 29.0 0.0 9.0
119.0 25.0 0.0 7.5
140.0 23.0 0.0 5.8
166.0 21.0 0.0 6.3
195.0 20.0 0.0 5.7
235.0 19.0 0.0 7.5
280.0 24.0 0.0 13.0
337.0 20.0 0.0 10.1
102.0 17.0 0.0 36.9

Table 3: Summary of the LiteBIRD specifications. And fo, = 0.5
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S/N for TB+EB

O w/ lensing effect (no delensing)
) LiteBIRD instrumental noise

() 2% foreground contamination
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PRESENTATI
kp,=7e—05 [Mpc]™

—1.155 F=%=——————— PAAYAY By
\-\ 5
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r
s
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2
N

(

—3.000 - . . | .



. Cosmic Variance limited case
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Excellent Template

L oomd &
PII;, S()ulC((l(A) L 7*7)( exp [ - 2 <k_>:|
D

20

B AN? A A
2G (M) - 2_5*

S

kp = arbitrary (depend on y;)

\ £

P takes Gaussian shape.
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“PRESENTATION

S/N for TB+EB

) w/ lensing effect (no delensing)

() LiteBIRD instrumental noise

O 2% foreground contamination

jl> TB + EB can be detected
by LiteBIRD for r > 0.03.

VS g, S st
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Non-Gaussianity

Large (hghphyp) <=ssmmm |arge (tptpty)

The EoM for SU(2) gauge field is non-linear

()Aa = al e tii = aa,ta.'i. = a’itai = O lw
5 t
; ' _ mg, + b o
LYY = e | @bt | Bty ——2— 8L 4
3 B “ 3moT . o~y

()

y@f /(N |
771(‘2

— —tijtjitu |,

T * JI l] L
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_li . A R e — — In(k/k.)
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‘ m .
g=111x10"% A=500, y.= 5f =628 x 10'°GeV,
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H,=1.28 x 10°GeV, pu=1.92 x 10"”GeV,
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Non-Gaussianit
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FIG. 2. The 3D plot of the numerical result of
10" (k1koks)?(B;"” + B}'). Only r3 < rp is shown. The
bispectrum vanishes for ro +r3 < 1 by the triangle condition.

The NG shape is almost equilateral (cos 8
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Non-Gaussianity

Relationship btw NG and energy fraction of Ag

tens . ~ 25

AL T 18v/2¢€p o (24
The current observational bound from Planck is

e — 400 = 1500

't may be observed in next CMB observations!
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O Larger GW than hY2¢ can be produced :
Tobs = Tvac T radd [ Tobs doesn'tﬁ

"..

.®
s a*®
«®
.0
°®

O Lowest p;¢ can have r = 1073

r oc H* exp[3.6m,] /% > 0.1GeV

Pinf =
© Distinguishable w/ LiteBIRD will detect!

Polarization hg # h;, EE) TB&EB correlation
Non-Gaussianity {(hhh) B5) large B;:quil

Tensor tilt n, =5 nTX—r/S

£

*
L
4
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Thank you !
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