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Qutline

> Inflationary phenomenology with Chern-Simons term
»Production of U(1) gauge field and sourced perturbations

> Non-canonical case: suppression of scalar mode

>»Summary & Discussion
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- inflation: accelerating expansion before Hot Big-Bang (Starobinsky, Guth, Sato, ...)

solves classical problems in Big-Bang cosmology

— origin of CMB fluctuation! Vo] * 60 ~ H/2m

ex.) a scalar field (inflaton) o(t,¥) = (t) + o (t, %) =

— curvature perturbation { = Hé0 /&

power spectrum & spectral index: Pz(k), ns —1 = dinP;/dink

v

©ESA/Planck
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- inflation: accelerating expansion before Hot Big-Bang (Starobinsky, Guth, Sato, ...)

solves classical problems in Big-Bang cosmology
— origin of CMB fluctuation! Vo] * 60 ~ H/2m

——

ex.) a scalar field (inflaton) o(t,¥) = (t) + o (t, %) b=
yet to be detected...

— curvature perturbation { = H(SG/GL <<<
0)
iy & &

power spectrum & spectral index: Pz(k), ns — 1 =dInP;/dink

Tensor perturbation as welll — B-mode polarization

8T /T ~ 1075

tensor-to-scalar ratio: r ~ Py /P; < 0.03

vacuum fluctuation:
' :> H < 1013GeV...17
Pn = (2/m*)(H/Mp})*

not true if sourced component exists

What can we learn from the tensor signal? ©ESA/Planck
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« Polarized tensor modes from U(l) CS term (Anber & Sorbo 2006, Sorbo 2011, ...)
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»¢fermion production: Domcke & Mukaida 2018, Gorbar+2021, Fujita, JK+ 2022, ... also talks by Oleksandr & Richard

Circularly polarized tensor pert. — a smoking gun for identifying the inflationary model!?
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« Polarized tensor modes from U(1) CS term (Anber & Sorbo 2006, Sorbo 2011
1
axion velocity — 4f

B R o 0 o ot
/ ." ..' R Slhele

)
GFWFW 229

’
ﬁ K&

r \A
. E 0.. . e : V P -,;:.:;“.:
Lo o % &% S
y o~ for large o o rs e e i P
o = const. & either 4, /A_ - .
phase
»¢fermion production: Domcke & Mukaida 2018, Gorbar+2021, Fujita, JK+ 2022, ... also talks by Oleksandr & Richard

Circularly polarized tensor pert. — a smoking gun for identifying the inflationary model!?

- also sourcing scalar mode: total tensor-to-scalar not increased...
- A+ A - 60 : highly non-Gaussian — ¢ cannot be large...

(Barnaby & Peloso 2010, ...)

. axion as spectator: CS term — axion pert. — curvature pert. (indirect sourcing)

- CMB non-Gaussianity bound — axion can roll only a few e-folds

(Ferreira & Sloth 2014, Namba+ 2015) - Any other possibilities? C..—}
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 The system & working assumption

inflationary background

_ p
O Y %
0 =~ const.

gauge field amplification
N vacuum fluctuation 6¢© & hg.))
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 The system & working assumption
sourced components:
inflationary background

7 4lfaFM,,F V /

0 =~ const.

inverse decay (1)
& gravitational coupling

polarized tensor pert. hg})

gauge field ampllflcatlon
uncorrelated
N vacuum fluctuation §¢® & hg.)) /
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 The system & working assumption
sourced components:

inflationary background § inverse decay 5o
1 - cr g . 0}
::> - pv — & gravitational coupling
® sl / E
0 = const. x

: (1)
gauge field amplification polarized tensor pert. h;;

uncorrelated
vacuum fluctuation §5©® & hg.)) %

observables of our interest:

Pe (k) = Péo) (k) + Pc(l) (k) with vacuum pert.: 8m2¢,P{” = H2/M%,

¢
10 k6
‘fNL - 9(27-‘-)5/2 PCQF||E1|=|E2|=|E3|=R‘ <CA (0_, /Z1> Qc (0_, Ez) é (0_, 123>> =G (El + Ez —i-];3> F (/;1, Ez, Eg)
r = (P-|— T P—)/PC Pi: tensor power spectrum for +/- polarization
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 The system & working assumption
sourced components:

inflationary background § inverse decay 5o
1 - cr g . 0}
::> - pv — & gravitational coupling
® sl / E
0 = const. x

: (1)
gauge field amplification polarized tensor pert. h;;

uncorrelated
vacuum fluctuation §5©® & hg.)) f

observables of our interest:

Pe (k) = Péo) (k) + Pc(l) (k) with vacuum pert.: 8m2¢,P{” = H2/M%,

¢
10 k6
‘fNL - 9(27-‘-)5/2 P3F||E1|:|E2|:|E3|:k <CA (0_, ]Z1> QC (0_, Ez) é (0_, ]g3>> =G (El + Ez —i-];3> F (/;1, Ez, Eg)
r = (P-|— T P—)/PC Pi: tensor power spectrum for +/- polarization

o can be a spectator — [ ={¢,0}, @; ={d,0}, €, K1
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« Amplification of U(1) gauge field

dimless power spectrum: é = 5

Pyx!H' :
1 I
il pyo .
< o 4fUF JF circular pol.: A./A_ {06 BDlacuum
\ |
= tachyonic I
Quantization: Ay (1, k) = (’1);4/1 (t, k) + a(’md; (1, k) 1000 - growth :
- dilute B I
0% + K? +2k= —0 with £= —— " s
T 2fH J J ‘ ‘ k1]
0.010 0.100 1 10

Only + mode experiences exponential growth!

(¢ < 5 for negligible backreaction)

Imposing Bunch-Davies condition:

\

— around the peak

J

1 1 Eo\Y4
Ay (1,k) = ——=e™*W_j¢1/52ikT) = ( ) m¢—2+/2¢k/(aH)
. -+ 2k 16,1/2 m 2£CLH €
Electromagnetic variables: E = —%A’ i = %ezjkﬁjflk
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e Sourced perturbation

direct coupling inverse decay
1 or 1 ’&kk Qs v,: canonical variables
ASsaa = = [ drd’k |- ~(a* 3 he| Y
AA 2/ T [ 2M3Ha(a Q1 — — (a*Q2, ))Uz+a f T+ I = (o)
1 A A A A A A A A
with Q1 () = 3 (Ez E; + B; Bz’) Qak (z) = BB K Q3(x) = E;B;

r for single field case

- single field case: {I,¢,;} » o 0.005

E;F; + B;B; 0.05
1) 1 . :
- (( ) > h(l) 0.03
L] 0.02
tj 0.001) L Douﬁ/
0.01 from Planck
S 5x 1074} : 1
- two-field case: 0005y
o deCayS AN < 5 e-folds r decreases :
. 0.002
E¢AN after the CMB mode crossing L 10-41
J—/————— T~ 7~ s vl 0.001
JJJ\‘ v(gl) IR vq(bl) S @ visible sourced tensor - ]
(Ferreira & Sloth 2014, Namba+ 2015) 225 230 235 240 245 250 2.55 2.60
3

“Chern-Simons interaction with a non-canonical axion” Jun’ya Kume (UNIPD)




Qutline

> Axion inflation with Chern-Simons term
»Production of U(1) gauge field and sourced perturbations

»>Non-canonical case: suppression of scalar mode

>»Summary & Discussion
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: : - examples, but not for a pseudo-scalar...
« Non-canonical scalar and perturbation P P

l

!

. : k-inflation:

L = K¢(X) — V(¢) — —59””3u</55v¢ : Armendariz-Picon 1999, Garriga & Mukhanov 1999

i DBI-model: Silverstein & Tong 2003, Alishahiha+ 2004
Scalar field (b.g. & pert.) acquires large inertia: | e o e e o e o o o e o e e e e e e e e o

a-. OV n
(K¢1+¢ K¢2)¢—|—3K¢1_¢ a—¢ =0 K¢,nz(8/0X) K¢
KI)I " C HT
sound speed: C?,I = : parametrical changes ( ~ —= !

Kri+ ¢?Kro

- \/26 Mp1 o1

- power spectrum - non-Gaussianity

2
o_ H (C¢Cy 1,
P T Snlc, e Mz, T Lot N = 2 X 2 C.MB b(.)und o
TP (CO)% 2 ingle field EFT: ¢, < 0.02

X standard scenario recovered by taking ¢, —» 1

Xsmaller ¢, ¢ larger inertia — persistence of the vacuum mode, enhancing the non-linearity(?)
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e Suppressing the interaction with gauge field

N Cs IHT 1 Krior 1 ’ka C Qg
- d dSk . ) 2 4 4 s,0 3 T L.
= Vv 2er Mpy vr & 2/ ' [ 2M2H acs g (CS,I"’ Q1 — 75 (" Q2k)" ﬁal + h.c.

A /\/\/\A
parametric /b‘/\/ss Cs ?S E¢AN s

: or
dependence: p J‘,\{\ vél) N ((1) JJ\{V vgl) R vq(bl) N ((1)

2 - 313 2
single field case: C(l) (O k) ]\Il/_;Z / dr' k (—k;— ) [%Jl,z ('r’, k) — CS€’0€J3 (T’, k)]
~ Q1+ 0, N Q3

X Q, not suppressed by ¢, — must be included for smaller ¢,
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e Suppressing the interaction with gauge field

A C [HT 1 Kj,lgb] 1 Zk Cs o
Pl D S,

A /\/\/\A
parametric /b‘/\/ss Cs ?S E¢AN s

: or
dependence: p J"\‘\ vél) N 5(1) \_fJ\’V vcgl) R vq(bl) N ((1)

2 - 313 2
single field case: C(l) (O k) ]\ZZ / dr' k (—k;— ) [%Jl,z ('r’, k) — Cse’ang (T’, k')]
~ Q1+ 0, N Q3

X Q, not suppressed by ¢, — must be included for smaller ¢,

From the standard case, we get the suppression as Pz(l) o ctand [y, o« clll

X3 Tensor sector not modified!
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e Single field case (g: inflaton)

7"[6, €o, Cs,a] with Cs,o0 = 1 T[fa €0, Cs,a] with Cs0 = 0.1
0.005 - . . - — 0.010
0.05 :
0.03
_ 0.005f
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] fyL bound |
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s 5x1074 : ﬁ> 5
0.005 R S
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1x 104t
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e Single field case (g: inflaton)

2.5

maximally allowed &

T T T L

.'.l

Lower bound from fyr,

in single field EFT of inflation
— vacuum contribution

0.01
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0.001

r increases!
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1
A

3 3.4
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§

exponential dependence on & — sourcing effect can be significantly large!
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. two-field case (¢: inflaton, o: spectator)

T[&, €y Cs, ANk] with Cg = 1, ANk

€o

>
\
\

too large for standarg

= 10

€o
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0.001¢

5x 1074t

1x 1074}

5x107°¢

The new window exists even for AN ~ 50 — 60 !!

T[£7 €y, Cs, ANk]

with ¢, = 0.1, AN, = 10
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Outline

> Axion inflation with Chern-Simons term
»Production of U(1) gauge field and perturbations

> Non-canonical case: suppression of scalar mode

>»Summary & Discussion
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Summary & Discussion

v'axion inflation + U(1) CS term — polarized tensor perturbation?

i)strong fy; bound and ii)decreasing total r...

v Extension: non-canonical kinetic term for axion (and inflaton)

— |nverse decay contribution is suppressed by ¢!
— Sourced tensor becomes dominant while satisfying fy; bound.

v'Physics behind: large inertia of scalar
— generally applicable to other scenarios with “unwanted” scalar

For SU(2): Watanabe & Komatsu 2020, Dimastrogiovanni+ 2023, Murata & Kobayashi 2024...

“Chern-Simons interaction with a non-canonical axion” Jun’ya Kume (UNIPD)



- computation including backreaction (Garcia-Bellido+ 2023, ...)
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2l “homogeneous backreaction”
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@ suppressing the oscillatory behavior
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single field

Cg Cs;!\lf Cs Cg

vg > ¢

2
Pg(l) (k) = [PéO)] 647r£f2,( [607 Cs,o) g]

P\ /
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7.47 x 107°
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two-field
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- Analytic expression .) single field

2 3¢2 4m€ -1
P (k) = [P 9“5 /d:z: P )IC

€sy Cs.oy € \/ Ty
m gy ~§5,0) Y
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’ —1 x —Cs sT) + s —
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— 3mw3/2¢1/2 J, xTeXp[ ¢ Q] 321/2m3/2¢4Q7 ' € — — = ¢ does not alter scale

7
(E-B) —csz cos (csx) + sin (¢ a:) ,/ — amplitude suppression
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