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𝑉[𝜎]

©ESA/Planck

𝛿𝜎

𝛿𝑇/𝑇 ∼ 10!"

∼ 𝐻/2𝜋

・inflation: accelerating expansion before Hot Big-Bang

ex.) a scalar field (inflaton) 𝜎 𝑡, �⃗� = '𝜎 𝑡 + 𝛿𝜎(𝑡, �⃗�)

solves classical problems in Big-Bang cosmology
→ origin of CMB fluctuation!

→ curvature perturbation 𝜁 ≅ 𝐻𝛿𝜎/ (̇𝜎

𝑛! − 1 = 𝑑𝑙𝑛𝑃"/𝑑𝑙𝑛𝑘power spectrum & spectral index: 𝑃" 𝑘 ,

(Starobinsky, Guth, Sato, ...)
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𝜎

𝑉[𝜎]

©ESA/Planck

yet to be detected...

𝛿𝜎

𝛿𝑇/𝑇 ∼ 10!"

tensor-to-scalar ratio: 𝑟 ∼ 𝑃!/𝑃" ≲ 0.03

vacuum fluctuation:
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∼ 𝐻/2𝜋

・inflation: accelerating expansion before Hot Big-Bang

ex.) a scalar field (inflaton) 𝜎 𝑡, �⃗� = '𝜎 𝑡 + 𝛿𝜎(𝑡, �⃗�)

solves classical problems in Big-Bang cosmology
→ origin of CMB fluctuation!

“What can we learn from the tensor signal?”

→ curvature perturbation 𝜁 ≅ 𝐻𝛿𝜎/ (̇𝜎

Tensor perturbation as well! → B-mode polarization

𝑛! − 1 = 𝑑𝑙𝑛𝑃"/𝑑𝑙𝑛𝑘power spectrum & spectral index: 𝑃" 𝑘 ,

𝑃# = (2/𝜋$) 𝐻/𝑀%&
$ 𝐻 ≲ 10#$GeV...!?

(Starobinsky, Guth, Sato, ...)

not true if sourced component exists
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• Polarized tensor modes from U(1) CS term
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(Anber & Sorbo 2006, Sorbo 2011, ...) 

for large �̇�

Circularly polarized tensor pert.  

either 𝐴#/𝐴!�̇� ≃ 𝑐𝑜𝑛𝑠𝑡.

axion velocity

𝐸
𝐵

�����

R

L

≫
→ a smoking gun for identifying the inflationary model!?

<latexit sha1_base64="98bmN+1t8t4irlV8RVv4gznb/Xw="></latexit>
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※fermion production: Domcke & Mukaida 2018, Gorbar+2021, Fujita, JK+ 2022, ... also talks by Oleksandr & Richard
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• Polarized tensor modes from U(1) CS term
2/11

(Barnaby & Peloso 2010, ...) 

(Anber & Sorbo 2006, Sorbo 2011, ...) 

for large �̇�

Circularly polarized tensor pert.  

either 𝐴#/𝐴!�̇� ≃ 𝑐𝑜𝑛𝑠𝑡.

axion velocity

𝐸
𝐵

�����

R

L

≫
→ a smoking gun for identifying the inflationary model!?

- also sourcing scalar mode: total tensor-to-scalar not increased...
- 𝐴 + 𝐴 → 𝛿𝜎 : highly non-Gaussian → �̇� cannot be large...

💡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?🤔
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※fermion production: Domcke & Mukaida 2018, Gorbar+2021, Fujita, JK+ 2022, ... also talks by Oleksandr & Richard
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• The system & working assumption

�̇� ≃ 𝑐𝑜𝑛𝑠𝑡. ❌
𝐸

𝐵inflationary background
<latexit sha1_base64="98bmN+1t8t4irlV8RVv4gznb/Xw="></latexit>
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vacuum fluctuation 𝛿𝜎(%) &  ℎ'(
(%)

gauge field amplification
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• The system & working assumption

�̇� ≃ 𝑐𝑜𝑛𝑠𝑡. ❌
𝐸

𝐵 𝛿𝜎(()
inflationary background
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µ⌫

inverse decay
& gravitational coupling

vacuum fluctuation 𝛿𝜎(%) &  ℎ'(
(%) uncorrelated

gauge field amplification ℎ'(
())polarized tensor pert.

sourced components:
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• The system & working assumption

�̇� ≃ 𝑐𝑜𝑛𝑠𝑡. ❌
𝐸

𝐵 𝛿𝜎(()
inflationary background
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µ⌫

inverse decay
& gravitational coupling

vacuum fluctuation 𝛿𝜎(%) &  ℎ'(
(%) uncorrelated

gauge field amplification ℎ'(
())polarized tensor pert.

sourced components:

observables of our interest:
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r = (P+ + P�)/P⇣
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P±: tensor power spectrum for +/- polarization

with vacuum pert.: 8𝜋*𝜖+𝑃,
(%) = 𝐻*/𝑀-.

*

3/11

“Chern-Simons interaction with a non-canonical axion”    Junʼya Kume (UNIPD)



• The system & working assumption

�̇� ≃ 𝑐𝑜𝑛𝑠𝑡. ❌
𝐸

𝐵 𝛿𝜎(()
inflationary background

<latexit sha1_base64="98bmN+1t8t4irlV8RVv4gznb/Xw="></latexit>

1

4f
�Fµ⌫ F̃

µ⌫

inverse decay
& gravitational coupling

vacuum fluctuation 𝛿𝜎(%) &  ℎ'(
(%) uncorrelated

gauge field amplification ℎ'(
())polarized tensor pert.

sourced components:

observables of our interest:
<latexit sha1_base64="Baq4pYSVaShH+VCIguVBM7Z71tI="></latexit>

P⇣ (k) = P (0)
⇣ (k) + P (1)

⇣ (k)

<latexit sha1_base64="DD3u4vMyhRBptyZKacIR0HaR0AA="></latexit>D
⇣̂
⇣
0�, ~k1

⌘
⇣̂
⇣
0�, ~k2

⌘
⇣̂
⇣
0�, ~k3

⌘E
⌘ �(3)

⇣
~k1 + ~k2 + ~k3

⌘
F
⇣
~k1, ~k2, ~k3

⌘
<latexit sha1_base64="ln2tnpzoifY83uEsug2ZBx5fpEQ="></latexit>

fNL =
10

9(2⇡)5/2
k6

P 2
⇣

F ||~k1|=|~k2|=|~k3|=k

<latexit sha1_base64="/mBoV7IDXslLE0eATUyiEtmXOAQ="></latexit>

r = (P+ + P�)/P⇣
<latexit sha1_base64="OKCEjCGzvmzSS+o0+GRaxXxpIwo="></latexit>

P±: tensor power spectrum for +/- polarization

with vacuum pert.: 8𝜋*𝜖+𝑃,
(%) = 𝐻*/𝑀-.

*

3/11

“Chern-Simons interaction with a non-canonical axion”    Junʼya Kume (UNIPD)

※𝜎 can be a spectator → 𝐼 = 𝜙, 𝜎 , 𝜑* = 𝜙, 𝜎 , 𝜖*, 𝜂* ≪ 1.



• Amplification of U(1) gauge field

Quantization:

⊃

with

→ circular pol.: 𝐴,/𝐴-
<latexit sha1_base64="IAK3qxS8tm+1nh2ycFkh+X3HFg0="></latexit>
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diluted

tachyonic 
growth

BD vacuum

dimless power spectrum: 𝜉 = 5

Electromagnetic variables:
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Only + mode experiences exponential growth! (𝜉 ≲ 5 for negligible backreaction)
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Imposing Bunch-Davies condition:

← around the peak
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• Sourced perturbation

𝑓/0 bound 
from Planck

𝑟 for single field case
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・single field case: {𝐼, 𝜑+} → 𝜎

with

ℎ./
(()

𝑣+: canonical variables

𝑟 decreases𝜎 decays Δ𝑁 ≲ 5 e-folds
・two-field case:

≪

direct coupling inverse decay

𝑣0
(() → 𝜁(() >

after the CMB mode crossing
→ visible sourced tensor𝑣0

(() → 𝑣1
(() → 𝜁(()

𝜖EΔ𝑁
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𝐼 = 𝜙, 𝜎

(Ferreira & Sloth 2014, Namba+ 2015)
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• Non-canonical scalar and perturbation
6/11

<latexit sha1_base64="d16Dm11N9onC+qS+bIV7lZMlAHY="></latexit>

L = K�(X)� V (�̂)
k-inflation:
・examples, but not for a pseudo-scalar...

DBI-model:

sound speed:

・power spectrum ・non-Gaussianity

<latexit sha1_base64="4gH0f1PvaudjCqncVw3V72s2LJw="></latexit>

K�,n ⌘ (@/@X)nK�

parametrical changes

※standard scenario recovered by taking 𝑐1 → 1

Scalar field (b.g. & pert.) acquires large inertia:
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→ 𝑟 = 16𝜖*𝑐!,*
single field EFT: 𝑐1 < 0.02

Silverstein & Tong 2003, Alishahiha+ 2004
Armendariz-Picon 1999, Garriga & Mukhanov 1999
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※smaller 𝑐1 ↔ larger inertia → persistence of the vacuum mode, enhancing the non-linearity(?)



• Suppressing the interaction with gauge field
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※𝑄* not suppressed by 𝑐1 → must be included for smaller 𝑐1

∼ 𝑄) + 𝑄* ∼ 𝑄2

single field case:

𝑐K
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∼ 𝑄) + 𝑄* ∼ 𝑄2



• Suppressing the interaction with gauge field
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※𝑄* not suppressed by 𝑐1 → must be included for smaller 𝑐1

∼ 𝑄) + 𝑄* ∼ 𝑄2

single field case:

From the standard case, we get the suppression as 𝑃L
(N) ∝ 𝑐KP and 𝑓QR ∝ 𝑐KS !!

𝑐K
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※※ Tensor sector not modified!
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∼ 𝑄) + 𝑄* ∼ 𝑄2



• Single field case (𝜎: inflaton)
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𝑓/0 bound 
from Planck

𝑷𝒉
(𝟎) < 𝑷𝒉

(𝟏)𝑷𝒉
(𝟎) < 𝑷𝒉

(𝟏)

𝑟 decreases 𝒓 increases!
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• Single field case (𝜎: inflaton)
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maximally allowed 𝜉

𝑷𝒉
(𝟎) < 𝑷𝒉

(𝟏)

→ vacuum contribution

exponential dependence on 𝝃 → sourcing effect can be significantly large!

𝒓 increases!

“Chern-Simons interaction with a non-canonical axion”    Junʼya Kume (UNIPD)



• two-field case (𝜙: inflaton, 𝜎: spectator)
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The new window exists even for 𝚫𝑵 ∼ 𝟓𝟎 − 𝟔𝟎 !!

too large for standard case

𝑷𝒉
(𝟎) < 𝑷𝒉

(𝟏)

𝑓/0 bound 
from Planck
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Summary & Discussion
üaxion inflation + U(1) CS term → polarized tensor perturbation?
i)strong 𝑓'( bound and ii)decreasing total 𝑟... 

üExtension: non-canonical kinetic term for axion (and inflaton)
→ Inverse decay contribution is suppressed by 𝑐!!
→ Sourced tensor becomes dominant while satisfying 𝑓'( bound.

üPhysics behind: large inertia of scalar
→ generally applicable to other scenarios with “unwanted” scalar

10/11

For SU(2): Watanabe & Komatsu 2020, Dimastrogiovanni+ 2023, Murata & Kobayashi 2024...
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・computation including backreaction
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ȧ

a
�̇+

@V

@�
= 0

suppressing the oscillatory behavior

(García-Bellido+ 2023, ...)
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→ talk by L. Sorbo

“homogeneous backreaction”

Preliminary

broadening peaks in SGWB spectrum...?
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𝑣0
(() → 𝜁(()

𝑐K𝑐K

single field

𝑣0
(() → 𝑣1

(() → 𝜁(()

𝑐K 𝑐K𝜖EΔ𝑁𝑐K 𝜖EΔ𝑁 𝑐K

𝐸 ⋅ 𝐵 contribution ∝ 𝑐1,78𝑐1,7!*

two-field

…

𝐸 ⋅ 𝐵 contribution ∝ 𝑐1,79

…

tensor:
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・Analytic expression ex.) single field

𝑐1 does not alter scale

→ amplitude suppression
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