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(
εϑi

˙̄ϑi
↑ εϑj

˙̄ϑj

)

<latexit sha1_base64="6GzP1ugh5zeE6NEpqgTlAaZuhkQ=">AAACVXicbZBdSwJBFIZnNzOzD7UuuxmSoCvZjbBuAqGb6MooP0JFZsdRJ+djmZmNZNlf0W39rujHBM2qF6124MDLc87hnPMGIaPaeN63427ltvM7hd3i3v7BYalcOWprGSlMWlgyqboB0oRRQVqGGka6oSKIB4x0gtltWu+8EqWpFE9mHpIBRxNBxxQjY9Hz4zCmLwm88YblqlfzFgE3hb8SVbCK5rDi1PsjiSNOhMEMad3zvdAMYqQMxYwkxX6kSYjwDE1Iz0qBONGDeHFxAs8sGcGxVDaFgQv6dyJGXOs5D2wnR2aq12sp/K/Wi8z4ehBTEUaGCLxcNI4YNBKm78MRVQQbNrcCYUXtrRBPkULYWJMyW96Wp2ZYus9IyXQWYyQwYVkWBDwLRjp9NSlap/11XzdF+6Lm12v1h8tq437leQGcgFNwDnxwBRrgDjRBC2DAwTv4AJ/Ol/Pj5tz8stV1VjPHIBNu6Rc1hbY9</latexit>

Sij = 0

Common time shift, unique trajectory

e.g. Inflationary Perturbations

<latexit sha1_base64="nHYo6HpW3oCANXqiANJ8ErxcNBM=">AAACWXicbZDLTgIxFIY74w3xBrJ000hMXJEZY9AliRvjCqNcEpiQTjlAtdMObcdIJjyHW30s48vYARYOeJImf75zTv7TP4w508bzvh13a3tnd6+wXzw4PDo+KZVP21omikKLSi5VNyQaOBPQMsxw6MYKSBRy6ISvd1m/8wZKMymezSyGICJjwUaMEmNR8DRI2csc9wVMsTcoVb2atyi8KfyVqKJVNQdlp94fSppEIAzlROue78UmSIkyjHKYF/uJhpjQVzKGnpWCRKCDdHH1HF9YMsQjqewTBi/o342URFrPotBORsRM9Hovg//1eokZ3QYpE3FiQNCl0Sjh2EicRYCHTAE1fGYFoYrZWzGdEEWosUHlXN6Xp+ZY5mek5DqPKREUeJ6FYZQHQ519dV60SfvruW6K9lXNr9fqj9fVxsMq8wI6Q+foEvnoBjXQPWqiFqJoij7QJ/pyflzHLbjF5ajrrHYqKFdu5ReZb7bp</latexit>

Sij →= 0

Deviation from the universal clock

<latexit sha1_base64="x0jR2xRDOb4oUk9o5puzXgMRO8E="></latexit>

ωc = ωb =
3

4
ωω =

3

4
ωε



D.Y. Cheong |Kinetic Isocurvature Perturbations

Crash Course on (Isocurvature) Perturbations

5

Curvature Perturbations <—> Density Perturbations —> Structure/Effects!
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(
εϑi

˙̄ϑi
↑ εϑj

˙̄ϑj

)

<latexit sha1_base64="6GzP1ugh5zeE6NEpqgTlAaZuhkQ=">AAACVXicbZBdSwJBFIZnNzOzD7UuuxmSoCvZjbBuAqGb6MooP0JFZsdRJ+djmZmNZNlf0W39rujHBM2qF6124MDLc87hnPMGIaPaeN63427ltvM7hd3i3v7BYalcOWprGSlMWlgyqboB0oRRQVqGGka6oSKIB4x0gtltWu+8EqWpFE9mHpIBRxNBxxQjY9Hz4zCmLwm88YblqlfzFgE3hb8SVbCK5rDi1PsjiSNOhMEMad3zvdAMYqQMxYwkxX6kSYjwDE1Iz0qBONGDeHFxAs8sGcGxVDaFgQv6dyJGXOs5D2wnR2aq12sp/K/Wi8z4ehBTEUaGCLxcNI4YNBKm78MRVQQbNrcCYUXtrRBPkULYWJMyW96Wp2ZYus9IyXQWYyQwYVkWBDwLRjp9NSlap/11XzdF+6Lm12v1h8tq437leQGcgFNwDnxwBRrgDjRBC2DAwTv4AJ/Ol/Pj5tz8stV1VjPHIBNu6Rc1hbY9</latexit>

Sij = 0

Common time shift, unique trajectory

e.g. Inflationary Perturbations

<latexit sha1_base64="nHYo6HpW3oCANXqiANJ8ErxcNBM=">AAACWXicbZDLTgIxFIY74w3xBrJ000hMXJEZY9AliRvjCqNcEpiQTjlAtdMObcdIJjyHW30s48vYARYOeJImf75zTv7TP4w508bzvh13a3tnd6+wXzw4PDo+KZVP21omikKLSi5VNyQaOBPQMsxw6MYKSBRy6ISvd1m/8wZKMymezSyGICJjwUaMEmNR8DRI2csc9wVMsTcoVb2atyi8KfyVqKJVNQdlp94fSppEIAzlROue78UmSIkyjHKYF/uJhpjQVzKGnpWCRKCDdHH1HF9YMsQjqewTBi/o342URFrPotBORsRM9Hovg//1eokZ3QYpE3FiQNCl0Sjh2EicRYCHTAE1fGYFoYrZWzGdEEWosUHlXN6Xp+ZY5mek5DqPKREUeJ6FYZQHQ519dV60SfvruW6K9lXNr9fqj9fVxsMq8wI6Q+foEvnoBjXQPWqiFqJoij7QJ/pyflzHLbjF5ajrrHYqKFdu5ReZb7bp</latexit>
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Deviation from the universal clock

<latexit sha1_base64="x0jR2xRDOb4oUk9o5puzXgMRO8E="></latexit>
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3

4
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3

4
ωε

e.g. CDI, NDI, BDI,….



D.Y. Cheong |Kinetic Isocurvature Perturbations

Crash Course on (Isocurvature) Perturbations

5

Curvature Perturbations <—> Density Perturbations —> Structure/Effects!

Adiabatic Perturbations Isocurvature Perturbations

<latexit sha1_base64="5Kyndf9309oaoOtvdiokQmidJ9c="></latexit>

ωi → ↑ε ↑H
ϑϖi

˙̄ϖi

<latexit sha1_base64="HJn4zxcU30AqQZp6gvstLejXmn4="></latexit>

Sij → 3(ωi ↑ ωj) = ↑3H

(
εϑi

˙̄ϑi
↑ εϑj

˙̄ϑj

)

<latexit sha1_base64="6GzP1ugh5zeE6NEpqgTlAaZuhkQ=">AAACVXicbZBdSwJBFIZnNzOzD7UuuxmSoCvZjbBuAqGb6MooP0JFZsdRJ+djmZmNZNlf0W39rujHBM2qF6124MDLc87hnPMGIaPaeN63427ltvM7hd3i3v7BYalcOWprGSlMWlgyqboB0oRRQVqGGka6oSKIB4x0gtltWu+8EqWpFE9mHpIBRxNBxxQjY9Hz4zCmLwm88YblqlfzFgE3hb8SVbCK5rDi1PsjiSNOhMEMad3zvdAMYqQMxYwkxX6kSYjwDE1Iz0qBONGDeHFxAs8sGcGxVDaFgQv6dyJGXOs5D2wnR2aq12sp/K/Wi8z4ehBTEUaGCLxcNI4YNBKm78MRVQQbNrcCYUXtrRBPkULYWJMyW96Wp2ZYus9IyXQWYyQwYVkWBDwLRjp9NSlap/11XzdF+6Lm12v1h8tq437leQGcgFNwDnxwBRrgDjRBC2DAwTv4AJ/Ol/Pj5tz8stV1VjPHIBNu6Rc1hbY9</latexit>

Sij = 0

Common time shift, unique trajectory

e.g. Inflationary Perturbations
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Sij →= 0

Deviation from the universal clock

<latexit sha1_base64="x0jR2xRDOb4oUk9o5puzXgMRO8E="></latexit>

ωc = ωb =
3

4
ωω =

3

4
ωε

e.g. CDI, NDI, BDI,….
<latexit sha1_base64="osHrHtV+u/WXFI2hPtgKNH8PeeI="></latexit>

Scω = ω ln

(
nc

nω

)
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Motivation

6

Q : A new type of isocurvature perturbation? 

Q : Any unique observational probe? 

• Kinetic Isocurvature Perturbations

• Modulation of the Free Streaming Length

• Adiabatic Number + Non-Adiabatic Momentum

• Modulation of the Matter Power Spectrum
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1. Kinetic Isocurvature Perturbation
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<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM
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<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 
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<latexit sha1_base64="+5fJXyafPXYrwllFQzpA4+4xSk8="></latexit>

ωεDM

εDM
=

ωnDM

nDM
+

p2DM

E2
DM

ωpDM

pDM

<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 



D.Y. Cheong |Kinetic Isocurvature Perturbations

DM Energy Density Perturbations

9

<latexit sha1_base64="+5fJXyafPXYrwllFQzpA4+4xSk8="></latexit>

ωεDM

εDM
=

ωnDM

nDM
+

p2DM

E2
DM

ωpDM

pDM

<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 

Normally the dominant source
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<latexit sha1_base64="vrXr/QHNyCB283HDu+8aTl5OoTw="></latexit>

ωεDM

εDM
=
!
!
!ωnDM

nDM
+

p2DM

E2
DM

ωpDM

pDM

<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 

0!
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<latexit sha1_base64="L79F/ELLD220uJo3V0F0nTjhqMw="></latexit>

ωεDM

εDM
=
!
!
!ωnDM

nDM
+

p2DM

E2
DM

ωpDM

pDM

<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 
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<latexit sha1_base64="L79F/ELLD220uJo3V0F0nTjhqMw="></latexit>

ωεDM

εDM
=
!
!
!ωnDM

nDM
+

p2DM

E2
DM

ωpDM

pDM

<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 
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<latexit sha1_base64="L79F/ELLD220uJo3V0F0nTjhqMw="></latexit>

ωεDM

εDM
=
!
!
!ωnDM

nDM
+

p2DM

E2
DM

ωpDM

pDM

<latexit sha1_base64="eMAjKWrr5sf/Zmq7EF1s0rR5kL0="></latexit>

ωDM = EDM nDM, EDM →
√
m2

DM + p2DM

The energy density of DM

The energy density perturbation decomposes to 

Kinetic Isocurvature Perturbation
Fluctuations imprinted at the production of DM, inheriting  modulation.p
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<latexit sha1_base64="iD4OHp34U7QAZWwF2hw1W24Dz7k="></latexit>

ωεDM

εDM
→ p2DM

E2
DM

ωpDM

pDM
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<latexit sha1_base64="iD4OHp34U7QAZWwF2hw1W24Dz7k="></latexit>

ωεDM

εDM
→ p2DM

E2
DM

ωpDM

pDM

For (warm) DM, as DM becomes non-relativistic
<latexit sha1_base64="R1ZTL2UisURzPGOn+69Igc6PsjE="></latexit>

vDM =
pDM

EDM
→ 1

a

<latexit sha1_base64="M+3/BA37ZlIPh5Rqe3fkMKxRqwE="></latexit>

ωεDM

εDM
→ 1

a2
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<latexit sha1_base64="iD4OHp34U7QAZWwF2hw1W24Dz7k="></latexit>

ωεDM

εDM
→ p2DM

E2
DM

ωpDM

pDM

For (warm) DM, as DM becomes non-relativistic
<latexit sha1_base64="R1ZTL2UisURzPGOn+69Igc6PsjE="></latexit>

vDM =
pDM

EDM
→ 1

a

<latexit sha1_base64="M+3/BA37ZlIPh5Rqe3fkMKxRqwE="></latexit>

ωεDM

εDM
→ 1

a2

<latexit sha1_base64="jP26o5iOYJ/GB6I+udiHVXhpgIg="></latexit>

ωFS →
∫ teq

ti

dt
v(t)

a(t)
=

∫ aeq

ai

da

a2H(a)

pDM(a)

EDM(a)

Free-streaming length perturbation governed by initial  distributionp
<latexit sha1_base64="MahIqUTzxEl65bq0HatOTjKFxCI="></latexit>

ωω → ωεFS

εFS
↑ ωpDM

pDM
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<latexit sha1_base64="iD4OHp34U7QAZWwF2hw1W24Dz7k="></latexit>

ωεDM

εDM
→ p2DM

E2
DM

ωpDM

pDM

For (warm) DM, as DM becomes non-relativistic
<latexit sha1_base64="R1ZTL2UisURzPGOn+69Igc6PsjE="></latexit>

vDM =
pDM

EDM
→ 1

a

<latexit sha1_base64="M+3/BA37ZlIPh5Rqe3fkMKxRqwE="></latexit>

ωεDM

εDM
→ 1

a2

<latexit sha1_base64="jP26o5iOYJ/GB6I+udiHVXhpgIg="></latexit>

ωFS →
∫ teq

ti

dt
v(t)

a(t)
=

∫ aeq

ai

da

a2H(a)

pDM(a)

EDM(a)

Free-streaming length perturbation governed by initial  distributionp
<latexit sha1_base64="MahIqUTzxEl65bq0HatOTjKFxCI="></latexit>

ωω → ωεFS

εFS
↑ ωpDM

pDM

Setup to realize kinetic isocurvature perturbations?
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Key : adiabatic number perturbations + modulated kinetic distribution

Decaying massive scalar field :  ( subdominant component ) ϕ

Light DM particle :   / Modulating field  controlling the decayχ σ

<latexit sha1_base64="+MGDeBHS9K0hQ8ie4RZn6+1Olbc="></latexit>

L →
{
Aωε2 ε : scalar

yωε̄ε ε : fermion.

<latexit sha1_base64="I5417CevOJmsqRGOtaLJl+0mtMw="></latexit>

! =






A2

16ωmω

(
1→

4m2
ε

m2
ω

)1/2

ε : scalar

y2mω

8ω

(
1→

4m2
ε

m2
ω

)3/2

ε : fermion
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Key : adiabatic number perturbations + modulated kinetic distribution

Decaying massive scalar field :  ( subdominant component ) ϕ

Light DM particle :   / Modulating field  controlling the decayχ σ

<latexit sha1_base64="+MGDeBHS9K0hQ8ie4RZn6+1Olbc="></latexit>

L →
{
Aωε2 ε : scalar

yωε̄ε ε : fermion.

<latexit sha1_base64="I5417CevOJmsqRGOtaLJl+0mtMw="></latexit>

! =






A2

16ωmω

(
1→

4m2
ε

m2
ω

)1/2

ε : scalar

y2mω

8ω

(
1→

4m2
ε

m2
ω

)3/2

ε : fermion

<latexit sha1_base64="qRPPG9OlygfK1KDjvKnn1UPe+TU="></latexit>

ωε → (ωA, ωy) → ω!
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<latexit sha1_base64="3KoIOa0bqGZUXyEjkGLuQT1u0oA=">AAACAnicdVDJSgNBEO2JW4xb1JN4aQxCvIw9idluQS8eI5gFkjj0dDqZJj0L3T1CGAYv/ooXD4p49Su8+Td2FkFFHxQ83quiqp4TciYVQh9Gaml5ZXUtvZ7Z2Nza3snu7rVkEAlCmyTggeg4WFLOfNpUTHHaCQXFnsNp2xlfTP32LRWSBf61moS07+GRz4aMYKUlO3uQx6fYjllychMXE9gTbmDHvdBliZ3NIdOqlRGqQWSWCqVqoaxJRbMigpaJZsiBBRp29r03CEjkUV8RjqXsWihU/RgLxQinSaYXSRpiMsYj2tXUxx6V/Xj2QgKPtTKAw0Do8hWcqd8nYuxJOfEc3elh5crf3lT8y+tGaljtx8wPI0V9Ml80jDhUAZzmAQdMUKL4RBNMBNO3QuJigYnSqWV0CF+fwv9Jq2BaZbN8dZarny/iSINDcATywAIVUAeXoAGagIA78ACewLNxbzwaL8brvDVlLGb2wQ8Yb58FC5c/</latexit>

(a/ai)
3ωω

<latexit sha1_base64="xUbDUrLS1YYHf0ibySDa3aZV7us=">AAAB/3icdZBPS8MwGMZT/875byp48RIcgl5qumm33YZePCq4OdhqSbPMhaVpSVJh1B78Kl48KOLVr+HNb2M6d1DRBwI/nud9ycsTxJwpjdCHNTM7N7+wWFgqLq+srq2XNjbbKkokoS0S8Uh2AqwoZ4K2NNOcdmJJcRhwehWMTvP86pZKxSJxqccx9UJ8I9iAEayN5Ze29/Eh9lOWHVyn1QwKP+3FQ5b5pTKynYaLUAMi+7hyXK+4BmqGqih3atXKkVsGU537pfdePyJJSIUmHCvVdVCsvRRLzQinWbGXKBpjMsI3tGtQ4JAqL53cn8E94/ThIJLmCQ0n7veNFIdKjcPATIZYD9XvLDf/yrqJHtS9lIk40VSQr48GCYc6gnkZsM8kJZqPDWAimbkVkiGWmGhTWdGU4NhoIvg/tCu249ruxVG5eTKtowB2wC7YBw6ogSY4A+egBQi4Aw/gCTxb99aj9WK9fo3OWNOdLfBD1tsnyN6WBA==</latexit>

(a/ai)
3nω

<latexit sha1_base64="tEQgaLBjlsGEUx5+UxLIUb00y9c=">AAAB/3icdZBLSwMxFIUz9VXra1Rw4yZYhLoZZ8Y+d0U3LivYB7R1yKSpDc1khiQjlHEW/hU3LhRx699w578xfSxU9EDg45x7yeX4EaNS2fankVlaXlldy67nNja3tnfM3b2WDGOBSROHLBQdH0nCKCdNRRUjnUgQFPiMtP3xxTRv3xEhaciv1SQi/QDdcjqkGClteeZBAZ0iL6HpyU1ylkLuJT08oqln5m2r5lbcqgNtq1R2aq6twXFst1rTUCmXitViHizU8MyP3iDEcUC4wgxJ2XXsSPUTJBTFjKS5XixJhPAY3ZKuRo4CIvvJ7P4UHmtnAIeh0I8rOHO/byQokHIS+HoyQGokf2dT86+sG6thtZ9QHsWKcDz/aBgzqEI4LQMOqCBYsYkGhAXVt0I8QgJhpSvL6RIcy54J/g8t13LKVvmqmK+fL+rIgkNwBArAARVQB5egAZoAg3vwCJ7Bi/FgPBmvxtt8NGMsdvbBDxnvX7vilfw=</latexit>

(a/ai)
3nω

<latexit sha1_base64="e05U7/d6qkS55jahs+JJ7Mcrdgo=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEuolJ1D52RTcuK9gHNDVMptNm6OTBzEQoIbjxV9y4UMStX+HOv3H6EFT0wIXDOfdy7z1ezKiQpvmh5RYWl5ZX8quFtfWNzS19e6clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7oYuK3bwkXNAqv5TgmvQANQzqgGEklufpeCR0jN6XZ0U16kkGH+5GbOtinmasXTaNmV+yqBU3jrGzVbFMRyzLtag1ahjlFEczRcPV3px/hJCChxAwJ0bXMWPZSxCXFjGQFJxEkRniEhqSraIgCInrp9IUMHiqlDwcRVxVKOFW/T6QoEGIceKozQNIXv72J+JfXTeSg2ktpGCeShHi2aJAwKCM4yQP2KSdYsrEiCHOqboXYRxxhqVIrqBC+PoX/k5ZtWGWjfHVarJ/P48iDfXAASsACFVAHl6ABmgCDO/AAnsCzdq89ai/a66w1p81ndsEPaG+f7lqXMA==</latexit>

(a/ai)
3ωω

<latexit sha1_base64="zv3MLoZxz7HHwlFB7dL489lP9cQ="></latexit>

(a/ai)
3ntot

<latexit sha1_base64="XnjwW7V/jLXk/4ULhZ3IHNQ6JAY=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQbUKCMoKEMEnlISbDOl0tyytln3a0RkeWShl+hoQAhWj6Bjr/h8iggYaSVRjO72t3xI8E1OM63lVlYXFpeya7m1tY3Nrfs7Z2alrGirEqlkKrhE80ED1kVOAjWiBQjgS9Y3R9cjfz6PVOay/AWhhFrB6QX8i6nBIzk2fsFcky8hKdHd8lpiluqL72kBewBEpCQpp6dd4rOGHieuFOSR1NUPPur1ZE0DlgIVBCtm64TQTshCjgVLM21Ys0iQgekx5qGhiRgup2MH0nxoVE6uCuVqRDwWP09kZBA62Hgm86AQF/PeiPxP68ZQ/einfAwioGFdLKoGwsMEo9SwR2uGAUxNIRQxc2tmPaJIhRMdjkTgjv78jypnRTdUrF0c5YvX07jyKI9dIAKyEXnqIyuUQVVEUWP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8A/nGaAw==</latexit>

(a/ai)
3ωtot

Energy density modulation
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<latexit sha1_base64="3KoIOa0bqGZUXyEjkGLuQT1u0oA=">AAACAnicdVDJSgNBEO2JW4xb1JN4aQxCvIw9idluQS8eI5gFkjj0dDqZJj0L3T1CGAYv/ooXD4p49Su8+Td2FkFFHxQ83quiqp4TciYVQh9Gaml5ZXUtvZ7Z2Nza3snu7rVkEAlCmyTggeg4WFLOfNpUTHHaCQXFnsNp2xlfTP32LRWSBf61moS07+GRz4aMYKUlO3uQx6fYjllychMXE9gTbmDHvdBliZ3NIdOqlRGqQWSWCqVqoaxJRbMigpaJZsiBBRp29r03CEjkUV8RjqXsWihU/RgLxQinSaYXSRpiMsYj2tXUxx6V/Xj2QgKPtTKAw0Do8hWcqd8nYuxJOfEc3elh5crf3lT8y+tGaljtx8wPI0V9Ml80jDhUAZzmAQdMUKL4RBNMBNO3QuJigYnSqWV0CF+fwv9Jq2BaZbN8dZarny/iSINDcATywAIVUAeXoAGagIA78ACewLNxbzwaL8brvDVlLGb2wQ8Yb58FC5c/</latexit>

(a/ai)
3ωω

<latexit sha1_base64="xUbDUrLS1YYHf0ibySDa3aZV7us=">AAAB/3icdZBPS8MwGMZT/875byp48RIcgl5qumm33YZePCq4OdhqSbPMhaVpSVJh1B78Kl48KOLVr+HNb2M6d1DRBwI/nud9ycsTxJwpjdCHNTM7N7+wWFgqLq+srq2XNjbbKkokoS0S8Uh2AqwoZ4K2NNOcdmJJcRhwehWMTvP86pZKxSJxqccx9UJ8I9iAEayN5Ze29/Eh9lOWHVyn1QwKP+3FQ5b5pTKynYaLUAMi+7hyXK+4BmqGqih3atXKkVsGU537pfdePyJJSIUmHCvVdVCsvRRLzQinWbGXKBpjMsI3tGtQ4JAqL53cn8E94/ThIJLmCQ0n7veNFIdKjcPATIZYD9XvLDf/yrqJHtS9lIk40VSQr48GCYc6gnkZsM8kJZqPDWAimbkVkiGWmGhTWdGU4NhoIvg/tCu249ruxVG5eTKtowB2wC7YBw6ogSY4A+egBQi4Aw/gCTxb99aj9WK9fo3OWNOdLfBD1tsnyN6WBA==</latexit>

(a/ai)
3nω

<latexit sha1_base64="tEQgaLBjlsGEUx5+UxLIUb00y9c=">AAAB/3icdZBLSwMxFIUz9VXra1Rw4yZYhLoZZ8Y+d0U3LivYB7R1yKSpDc1khiQjlHEW/hU3LhRx699w578xfSxU9EDg45x7yeX4EaNS2fankVlaXlldy67nNja3tnfM3b2WDGOBSROHLBQdH0nCKCdNRRUjnUgQFPiMtP3xxTRv3xEhaciv1SQi/QDdcjqkGClteeZBAZ0iL6HpyU1ylkLuJT08oqln5m2r5lbcqgNtq1R2aq6twXFst1rTUCmXitViHizU8MyP3iDEcUC4wgxJ2XXsSPUTJBTFjKS5XixJhPAY3ZKuRo4CIvvJ7P4UHmtnAIeh0I8rOHO/byQokHIS+HoyQGokf2dT86+sG6thtZ9QHsWKcDz/aBgzqEI4LQMOqCBYsYkGhAXVt0I8QgJhpSvL6RIcy54J/g8t13LKVvmqmK+fL+rIgkNwBArAARVQB5egAZoAg3vwCJ7Bi/FgPBmvxtt8NGMsdvbBDxnvX7vilfw=</latexit>

(a/ai)
3nω

<latexit sha1_base64="e05U7/d6qkS55jahs+JJ7Mcrdgo=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEuolJ1D52RTcuK9gHNDVMptNm6OTBzEQoIbjxV9y4UMStX+HOv3H6EFT0wIXDOfdy7z1ezKiQpvmh5RYWl5ZX8quFtfWNzS19e6clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7oYuK3bwkXNAqv5TgmvQANQzqgGEklufpeCR0jN6XZ0U16kkGH+5GbOtinmasXTaNmV+yqBU3jrGzVbFMRyzLtag1ahjlFEczRcPV3px/hJCChxAwJ0bXMWPZSxCXFjGQFJxEkRniEhqSraIgCInrp9IUMHiqlDwcRVxVKOFW/T6QoEGIceKozQNIXv72J+JfXTeSg2ktpGCeShHi2aJAwKCM4yQP2KSdYsrEiCHOqboXYRxxhqVIrqBC+PoX/k5ZtWGWjfHVarJ/P48iDfXAASsACFVAHl6ABmgCDO/AAnsCzdq89ai/a66w1p81ndsEPaG+f7lqXMA==</latexit>

(a/ai)
3ωω

<latexit sha1_base64="zv3MLoZxz7HHwlFB7dL489lP9cQ="></latexit>

(a/ai)
3ntot

<latexit sha1_base64="XnjwW7V/jLXk/4ULhZ3IHNQ6JAY=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQbUKCMoKEMEnlISbDOl0tyytln3a0RkeWShl+hoQAhWj6Bjr/h8iggYaSVRjO72t3xI8E1OM63lVlYXFpeya7m1tY3Nrfs7Z2alrGirEqlkKrhE80ED1kVOAjWiBQjgS9Y3R9cjfz6PVOay/AWhhFrB6QX8i6nBIzk2fsFcky8hKdHd8lpiluqL72kBewBEpCQpp6dd4rOGHieuFOSR1NUPPur1ZE0DlgIVBCtm64TQTshCjgVLM21Ys0iQgekx5qGhiRgup2MH0nxoVE6uCuVqRDwWP09kZBA62Hgm86AQF/PeiPxP68ZQ/einfAwioGFdLKoGwsMEo9SwR2uGAUxNIRQxc2tmPaJIhRMdjkTgjv78jypnRTdUrF0c5YvX07jyKI9dIAKyEXnqIyuUQVVEUWP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8A/nGaAw==</latexit>

(a/ai)
3ωtot

Energy density modulation
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<latexit sha1_base64="9bUPCSi0uqj44S/mR1wMdKsVh5A=">AAACEnicbVDLSsNAFL2pr1pfUXHlZrAIrkpSpLoRim5cVrC10IYwmU7aoZNJmJmIJfQv/AG3+gfuxK0/4A/4HU7aLmzrgQvnnnsv93CChDOlHefbKqysrq1vFDdLW9s7u3v2/kFLxakktEliHst2gBXlTNCmZprTdiIpjgJOH4LhTT5/eKRSsVjc61FCvQj3BQsZwdpIvn0k/KxLBmyMrlAV5U1iGt8uOxVnArRM3BkpwwwN3/7p9mKSRlRowrFSHddJtJdhqRnhdFzqpoommAxxn3YMFTiiyssm9sfo1Cg9FMbSlNBoov69yHCk1CgKzGaE9UAtznLxv1kn1eGllzGRpJoKMn0UphzpGOVZoB6TlGg+MgQTyYxXRAZYYqJNYnNfnqZWSyYYdzGGZdKqVtxapXZ3Xq5fzyIqwjGcwBm4cAF1uIUGNIFABi/wCm/Ws/VufVif09WCNbs5hDlYX7/5iZ2U</latexit>

nω = 2nε
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<latexit sha1_base64="3KoIOa0bqGZUXyEjkGLuQT1u0oA=">AAACAnicdVDJSgNBEO2JW4xb1JN4aQxCvIw9idluQS8eI5gFkjj0dDqZJj0L3T1CGAYv/ooXD4p49Su8+Td2FkFFHxQ83quiqp4TciYVQh9Gaml5ZXUtvZ7Z2Nza3snu7rVkEAlCmyTggeg4WFLOfNpUTHHaCQXFnsNp2xlfTP32LRWSBf61moS07+GRz4aMYKUlO3uQx6fYjllychMXE9gTbmDHvdBliZ3NIdOqlRGqQWSWCqVqoaxJRbMigpaJZsiBBRp29r03CEjkUV8RjqXsWihU/RgLxQinSaYXSRpiMsYj2tXUxx6V/Xj2QgKPtTKAw0Do8hWcqd8nYuxJOfEc3elh5crf3lT8y+tGaljtx8wPI0V9Ml80jDhUAZzmAQdMUKL4RBNMBNO3QuJigYnSqWV0CF+fwv9Jq2BaZbN8dZarny/iSINDcATywAIVUAeXoAGagIA78ACewLNxbzwaL8brvDVlLGb2wQ8Yb58FC5c/</latexit>

(a/ai)
3ωω

<latexit sha1_base64="xUbDUrLS1YYHf0ibySDa3aZV7us=">AAAB/3icdZBPS8MwGMZT/875byp48RIcgl5qumm33YZePCq4OdhqSbPMhaVpSVJh1B78Kl48KOLVr+HNb2M6d1DRBwI/nud9ycsTxJwpjdCHNTM7N7+wWFgqLq+srq2XNjbbKkokoS0S8Uh2AqwoZ4K2NNOcdmJJcRhwehWMTvP86pZKxSJxqccx9UJ8I9iAEayN5Ze29/Eh9lOWHVyn1QwKP+3FQ5b5pTKynYaLUAMi+7hyXK+4BmqGqih3atXKkVsGU537pfdePyJJSIUmHCvVdVCsvRRLzQinWbGXKBpjMsI3tGtQ4JAqL53cn8E94/ThIJLmCQ0n7veNFIdKjcPATIZYD9XvLDf/yrqJHtS9lIk40VSQr48GCYc6gnkZsM8kJZqPDWAimbkVkiGWmGhTWdGU4NhoIvg/tCu249ruxVG5eTKtowB2wC7YBw6ogSY4A+egBQi4Aw/gCTxb99aj9WK9fo3OWNOdLfBD1tsnyN6WBA==</latexit>

(a/ai)
3nω

<latexit sha1_base64="tEQgaLBjlsGEUx5+UxLIUb00y9c=">AAAB/3icdZBLSwMxFIUz9VXra1Rw4yZYhLoZZ8Y+d0U3LivYB7R1yKSpDc1khiQjlHEW/hU3LhRx699w578xfSxU9EDg45x7yeX4EaNS2fankVlaXlldy67nNja3tnfM3b2WDGOBSROHLBQdH0nCKCdNRRUjnUgQFPiMtP3xxTRv3xEhaciv1SQi/QDdcjqkGClteeZBAZ0iL6HpyU1ylkLuJT08oqln5m2r5lbcqgNtq1R2aq6twXFst1rTUCmXitViHizU8MyP3iDEcUC4wgxJ2XXsSPUTJBTFjKS5XixJhPAY3ZKuRo4CIvvJ7P4UHmtnAIeh0I8rOHO/byQokHIS+HoyQGokf2dT86+sG6thtZ9QHsWKcDz/aBgzqEI4LQMOqCBYsYkGhAXVt0I8QgJhpSvL6RIcy54J/g8t13LKVvmqmK+fL+rIgkNwBArAARVQB5egAZoAg3vwCJ7Bi/FgPBmvxtt8NGMsdvbBDxnvX7vilfw=</latexit>

(a/ai)
3nω

<latexit sha1_base64="e05U7/d6qkS55jahs+JJ7Mcrdgo=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEuolJ1D52RTcuK9gHNDVMptNm6OTBzEQoIbjxV9y4UMStX+HOv3H6EFT0wIXDOfdy7z1ezKiQpvmh5RYWl5ZX8quFtfWNzS19e6clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7oYuK3bwkXNAqv5TgmvQANQzqgGEklufpeCR0jN6XZ0U16kkGH+5GbOtinmasXTaNmV+yqBU3jrGzVbFMRyzLtag1ahjlFEczRcPV3px/hJCChxAwJ0bXMWPZSxCXFjGQFJxEkRniEhqSraIgCInrp9IUMHiqlDwcRVxVKOFW/T6QoEGIceKozQNIXv72J+JfXTeSg2ktpGCeShHi2aJAwKCM4yQP2KSdYsrEiCHOqboXYRxxhqVIrqBC+PoX/k5ZtWGWjfHVarJ/P48iDfXAASsACFVAHl6ABmgCDO/AAnsCzdq89ai/a66w1p81ndsEPaG+f7lqXMA==</latexit>

(a/ai)
3ωω

<latexit sha1_base64="zv3MLoZxz7HHwlFB7dL489lP9cQ="></latexit>

(a/ai)
3ntot

<latexit sha1_base64="XnjwW7V/jLXk/4ULhZ3IHNQ6JAY=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQbUKCMoKEMEnlISbDOl0tyytln3a0RkeWShl+hoQAhWj6Bjr/h8iggYaSVRjO72t3xI8E1OM63lVlYXFpeya7m1tY3Nrfs7Z2alrGirEqlkKrhE80ED1kVOAjWiBQjgS9Y3R9cjfz6PVOay/AWhhFrB6QX8i6nBIzk2fsFcky8hKdHd8lpiluqL72kBewBEpCQpp6dd4rOGHieuFOSR1NUPPur1ZE0DlgIVBCtm64TQTshCjgVLM21Ys0iQgekx5qGhiRgup2MH0nxoVE6uCuVqRDwWP09kZBA62Hgm86AQF/PeiPxP68ZQ/einfAwioGFdLKoGwsMEo9SwR2uGAUxNIRQxc2tmPaJIhRMdjkTgjv78jypnRTdUrF0c5YvX07jyKI9dIAKyEXnqIyuUQVVEUWP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8A/nGaAw==</latexit>

(a/ai)
3ωtot

Energy density modulation
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<latexit sha1_base64="3KoIOa0bqGZUXyEjkGLuQT1u0oA=">AAACAnicdVDJSgNBEO2JW4xb1JN4aQxCvIw9idluQS8eI5gFkjj0dDqZJj0L3T1CGAYv/ooXD4p49Su8+Td2FkFFHxQ83quiqp4TciYVQh9Gaml5ZXUtvZ7Z2Nza3snu7rVkEAlCmyTggeg4WFLOfNpUTHHaCQXFnsNp2xlfTP32LRWSBf61moS07+GRz4aMYKUlO3uQx6fYjllychMXE9gTbmDHvdBliZ3NIdOqlRGqQWSWCqVqoaxJRbMigpaJZsiBBRp29r03CEjkUV8RjqXsWihU/RgLxQinSaYXSRpiMsYj2tXUxx6V/Xj2QgKPtTKAw0Do8hWcqd8nYuxJOfEc3elh5crf3lT8y+tGaljtx8wPI0V9Ml80jDhUAZzmAQdMUKL4RBNMBNO3QuJigYnSqWV0CF+fwv9Jq2BaZbN8dZarny/iSINDcATywAIVUAeXoAGagIA78ACewLNxbzwaL8brvDVlLGb2wQ8Yb58FC5c/</latexit>

(a/ai)
3ωω

<latexit sha1_base64="xUbDUrLS1YYHf0ibySDa3aZV7us=">AAAB/3icdZBPS8MwGMZT/875byp48RIcgl5qumm33YZePCq4OdhqSbPMhaVpSVJh1B78Kl48KOLVr+HNb2M6d1DRBwI/nud9ycsTxJwpjdCHNTM7N7+wWFgqLq+srq2XNjbbKkokoS0S8Uh2AqwoZ4K2NNOcdmJJcRhwehWMTvP86pZKxSJxqccx9UJ8I9iAEayN5Ze29/Eh9lOWHVyn1QwKP+3FQ5b5pTKynYaLUAMi+7hyXK+4BmqGqih3atXKkVsGU537pfdePyJJSIUmHCvVdVCsvRRLzQinWbGXKBpjMsI3tGtQ4JAqL53cn8E94/ThIJLmCQ0n7veNFIdKjcPATIZYD9XvLDf/yrqJHtS9lIk40VSQr48GCYc6gnkZsM8kJZqPDWAimbkVkiGWmGhTWdGU4NhoIvg/tCu249ruxVG5eTKtowB2wC7YBw6ogSY4A+egBQi4Aw/gCTxb99aj9WK9fo3OWNOdLfBD1tsnyN6WBA==</latexit>

(a/ai)
3nω

<latexit sha1_base64="tEQgaLBjlsGEUx5+UxLIUb00y9c=">AAAB/3icdZBLSwMxFIUz9VXra1Rw4yZYhLoZZ8Y+d0U3LivYB7R1yKSpDc1khiQjlHEW/hU3LhRx699w578xfSxU9EDg45x7yeX4EaNS2fankVlaXlldy67nNja3tnfM3b2WDGOBSROHLBQdH0nCKCdNRRUjnUgQFPiMtP3xxTRv3xEhaciv1SQi/QDdcjqkGClteeZBAZ0iL6HpyU1ylkLuJT08oqln5m2r5lbcqgNtq1R2aq6twXFst1rTUCmXitViHizU8MyP3iDEcUC4wgxJ2XXsSPUTJBTFjKS5XixJhPAY3ZKuRo4CIvvJ7P4UHmtnAIeh0I8rOHO/byQokHIS+HoyQGokf2dT86+sG6thtZ9QHsWKcDz/aBgzqEI4LQMOqCBYsYkGhAXVt0I8QgJhpSvL6RIcy54J/g8t13LKVvmqmK+fL+rIgkNwBArAARVQB5egAZoAg3vwCJ7Bi/FgPBmvxtt8NGMsdvbBDxnvX7vilfw=</latexit>

(a/ai)
3nω

<latexit sha1_base64="e05U7/d6qkS55jahs+JJ7Mcrdgo=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEuolJ1D52RTcuK9gHNDVMptNm6OTBzEQoIbjxV9y4UMStX+HOv3H6EFT0wIXDOfdy7z1ezKiQpvmh5RYWl5ZX8quFtfWNzS19e6clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7oYuK3bwkXNAqv5TgmvQANQzqgGEklufpeCR0jN6XZ0U16kkGH+5GbOtinmasXTaNmV+yqBU3jrGzVbFMRyzLtag1ahjlFEczRcPV3px/hJCChxAwJ0bXMWPZSxCXFjGQFJxEkRniEhqSraIgCInrp9IUMHiqlDwcRVxVKOFW/T6QoEGIceKozQNIXv72J+JfXTeSg2ktpGCeShHi2aJAwKCM4yQP2KSdYsrEiCHOqboXYRxxhqVIrqBC+PoX/k5ZtWGWjfHVarJ/P48iDfXAASsACFVAHl6ABmgCDO/AAnsCzdq89ai/a66w1p81ndsEPaG+f7lqXMA==</latexit>

(a/ai)
3ωω

<latexit sha1_base64="zv3MLoZxz7HHwlFB7dL489lP9cQ="></latexit>

(a/ai)
3ntot

<latexit sha1_base64="XnjwW7V/jLXk/4ULhZ3IHNQ6JAY=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQbUKCMoKEMEnlISbDOl0tyytln3a0RkeWShl+hoQAhWj6Bjr/h8iggYaSVRjO72t3xI8E1OM63lVlYXFpeya7m1tY3Nrfs7Z2alrGirEqlkKrhE80ED1kVOAjWiBQjgS9Y3R9cjfz6PVOay/AWhhFrB6QX8i6nBIzk2fsFcky8hKdHd8lpiluqL72kBewBEpCQpp6dd4rOGHieuFOSR1NUPPur1ZE0DlgIVBCtm64TQTshCjgVLM21Ys0iQgekx5qGhiRgup2MH0nxoVE6uCuVqRDwWP09kZBA62Hgm86AQF/PeiPxP68ZQ/einfAwioGFdLKoGwsMEo9SwR2uGAUxNIRQxc2tmPaJIhRMdjkTgjv78jypnRTdUrF0c5YvX07jyKI9dIAKyEXnqIyuUQVVEUWP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8A/nGaAw==</latexit>

(a/ai)
3ωtot

Energy density modulation

18

Decay yield 
nχ (ai) = 2nϕ (ai) .

Fixed, no δn
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<latexit sha1_base64="3KoIOa0bqGZUXyEjkGLuQT1u0oA=">AAACAnicdVDJSgNBEO2JW4xb1JN4aQxCvIw9idluQS8eI5gFkjj0dDqZJj0L3T1CGAYv/ooXD4p49Su8+Td2FkFFHxQ83quiqp4TciYVQh9Gaml5ZXUtvZ7Z2Nza3snu7rVkEAlCmyTggeg4WFLOfNpUTHHaCQXFnsNp2xlfTP32LRWSBf61moS07+GRz4aMYKUlO3uQx6fYjllychMXE9gTbmDHvdBliZ3NIdOqlRGqQWSWCqVqoaxJRbMigpaJZsiBBRp29r03CEjkUV8RjqXsWihU/RgLxQinSaYXSRpiMsYj2tXUxx6V/Xj2QgKPtTKAw0Do8hWcqd8nYuxJOfEc3elh5crf3lT8y+tGaljtx8wPI0V9Ml80jDhUAZzmAQdMUKL4RBNMBNO3QuJigYnSqWV0CF+fwv9Jq2BaZbN8dZarny/iSINDcATywAIVUAeXoAGagIA78ACewLNxbzwaL8brvDVlLGb2wQ8Yb58FC5c/</latexit>

(a/ai)
3ωω

<latexit sha1_base64="xUbDUrLS1YYHf0ibySDa3aZV7us=">AAAB/3icdZBPS8MwGMZT/875byp48RIcgl5qumm33YZePCq4OdhqSbPMhaVpSVJh1B78Kl48KOLVr+HNb2M6d1DRBwI/nud9ycsTxJwpjdCHNTM7N7+wWFgqLq+srq2XNjbbKkokoS0S8Uh2AqwoZ4K2NNOcdmJJcRhwehWMTvP86pZKxSJxqccx9UJ8I9iAEayN5Ze29/Eh9lOWHVyn1QwKP+3FQ5b5pTKynYaLUAMi+7hyXK+4BmqGqih3atXKkVsGU537pfdePyJJSIUmHCvVdVCsvRRLzQinWbGXKBpjMsI3tGtQ4JAqL53cn8E94/ThIJLmCQ0n7veNFIdKjcPATIZYD9XvLDf/yrqJHtS9lIk40VSQr48GCYc6gnkZsM8kJZqPDWAimbkVkiGWmGhTWdGU4NhoIvg/tCu249ruxVG5eTKtowB2wC7YBw6ogSY4A+egBQi4Aw/gCTxb99aj9WK9fo3OWNOdLfBD1tsnyN6WBA==</latexit>

(a/ai)
3nω

<latexit sha1_base64="tEQgaLBjlsGEUx5+UxLIUb00y9c=">AAAB/3icdZBLSwMxFIUz9VXra1Rw4yZYhLoZZ8Y+d0U3LivYB7R1yKSpDc1khiQjlHEW/hU3LhRx699w578xfSxU9EDg45x7yeX4EaNS2fankVlaXlldy67nNja3tnfM3b2WDGOBSROHLBQdH0nCKCdNRRUjnUgQFPiMtP3xxTRv3xEhaciv1SQi/QDdcjqkGClteeZBAZ0iL6HpyU1ylkLuJT08oqln5m2r5lbcqgNtq1R2aq6twXFst1rTUCmXitViHizU8MyP3iDEcUC4wgxJ2XXsSPUTJBTFjKS5XixJhPAY3ZKuRo4CIvvJ7P4UHmtnAIeh0I8rOHO/byQokHIS+HoyQGokf2dT86+sG6thtZ9QHsWKcDz/aBgzqEI4LQMOqCBYsYkGhAXVt0I8QgJhpSvL6RIcy54J/g8t13LKVvmqmK+fL+rIgkNwBArAARVQB5egAZoAg3vwCJ7Bi/FgPBmvxtt8NGMsdvbBDxnvX7vilfw=</latexit>

(a/ai)
3nω

<latexit sha1_base64="e05U7/d6qkS55jahs+JJ7Mcrdgo=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEuolJ1D52RTcuK9gHNDVMptNm6OTBzEQoIbjxV9y4UMStX+HOv3H6EFT0wIXDOfdy7z1ezKiQpvmh5RYWl5ZX8quFtfWNzS19e6clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7oYuK3bwkXNAqv5TgmvQANQzqgGEklufpeCR0jN6XZ0U16kkGH+5GbOtinmasXTaNmV+yqBU3jrGzVbFMRyzLtag1ahjlFEczRcPV3px/hJCChxAwJ0bXMWPZSxCXFjGQFJxEkRniEhqSraIgCInrp9IUMHiqlDwcRVxVKOFW/T6QoEGIceKozQNIXv72J+JfXTeSg2ktpGCeShHi2aJAwKCM4yQP2KSdYsrEiCHOqboXYRxxhqVIrqBC+PoX/k5ZtWGWjfHVarJ/P48iDfXAASsACFVAHl6ABmgCDO/AAnsCzdq89ai/a66w1p81ndsEPaG+f7lqXMA==</latexit>

(a/ai)
3ωω

<latexit sha1_base64="zv3MLoZxz7HHwlFB7dL489lP9cQ="></latexit>

(a/ai)
3ntot

<latexit sha1_base64="XnjwW7V/jLXk/4ULhZ3IHNQ6JAY=">AAACCHicbVC7TsNAEDyHVwgvAyUFJyKk0AQbUKCMoKEMEnlISbDOl0tyytln3a0RkeWShl+hoQAhWj6Bjr/h8iggYaSVRjO72t3xI8E1OM63lVlYXFpeya7m1tY3Nrfs7Z2alrGirEqlkKrhE80ED1kVOAjWiBQjgS9Y3R9cjfz6PVOay/AWhhFrB6QX8i6nBIzk2fsFcky8hKdHd8lpiluqL72kBewBEpCQpp6dd4rOGHieuFOSR1NUPPur1ZE0DlgIVBCtm64TQTshCjgVLM21Ys0iQgekx5qGhiRgup2MH0nxoVE6uCuVqRDwWP09kZBA62Hgm86AQF/PeiPxP68ZQ/einfAwioGFdLKoGwsMEo9SwR2uGAUxNIRQxc2tmPaJIhRMdjkTgjv78jypnRTdUrF0c5YvX07jyKI9dIAKyEXnqIyuUQVVEUWP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8A/nGaAw==</latexit>

(a/ai)
3ωtot

Energy density modulation

18

Decay yield 
nχ (ai) = 2nϕ (ai) .

Fixed, no δn

Different decay times ti
Momentum redshift 
p(a) = pi (ai/a)
Induced  δρχ
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<latexit sha1_base64="RYo0SfSWyUJ0ODJZvckPagr+rFA="></latexit>

ωεω
εω

→ ↑1

2





(
m2

ε/4
)
(ai/a)

2

m2
ω +

m2
ω

4

(
ai
a

)2



 ω!

!
.
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<latexit sha1_base64="RYo0SfSWyUJ0ODJZvckPagr+rFA="></latexit>

ωεω
εω

→ ↑1

2





(
m2

ε/4
)
(ai/a)

2

m2
ω +

m2
ω

4

(
ai
a

)2



 ω!

!
.

<latexit sha1_base64="l0n+/1VhcgNaYfU1liq5kgXzC2k="></latexit>

ωω → ↑1

2

ω!
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<latexit sha1_base64="RYo0SfSWyUJ0ODJZvckPagr+rFA="></latexit>

ωεω
εω

→ ↑1

2





(
m2

ε/4
)
(ai/a)

2

m2
ω +

m2
ω

4

(
ai
a

)2



 ω!

!
.

<latexit sha1_base64="l0n+/1VhcgNaYfU1liq5kgXzC2k="></latexit>

ωω → ↑1

2

ω!

!
<latexit sha1_base64="N9YLXK4COMaJf4FLSO7R2WfdQjQ="></latexit>

ωεω
εω

→



 (m2
ε/4) (ai/a)

2

m2
ω +

m2
ω

4

(
ai
a

)2



 ωϑ
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Within our region of interest, 
<latexit sha1_base64="xILxU/v1WOBYFsUxuqg0PIAFITA="></latexit>

ωFS → 1Mpc

(
u2
i ti

106sec

)1/2 [
1↑ 0.07 ln

(
u2
i ti

106sec

)]

<latexit sha1_base64="CAdm6AYzx4hl9YtGATGTKwXRGg4=">AAACDXicbVDLSsNAFL3xWesr6tLNYBFc1USkuhGKblxWsA9oQ5hMJ+3QySTMTIol9Bv8Abf6B+7Erd/gD/gdTtssbOuBC4dz7uUeTpBwprTjfFsrq2vrG5uFreL2zu7evn1w2FBxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLib+M0hlYrF4lGPEupFuCdYyAjWRvJtO/XZTeIzdI4iv0P6zLdLTtmZAi0TNyclyFHz7Z9ONyZpRIUmHCvVdp1EexmWmhFOx8VOqmiCyQD3aNtQgSOqvGyafIxOjdJFYSzNCI2m6t+LDEdKjaLAbEZY99WiNxH/89qpDq+9jIkk1VSQ2aMw5UjHaFID6jJJieYjQzCRzGRFpI8lJtqUNfflaRa1aIpxF2tYJo2LslspVx4uS9XbvKICHMMJnIELV1CFe6hBHQgM4QVe4c16tt6tD+tztrpi5TdHMAfr6xffsptZ</latexit>

ui = pi/mω
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Within our region of interest, 
<latexit sha1_base64="xILxU/v1WOBYFsUxuqg0PIAFITA="></latexit>

ωFS → 1Mpc

(
u2
i ti

106sec

)1/2 [
1↑ 0.07 ln

(
u2
i ti

106sec

)]

<latexit sha1_base64="CAdm6AYzx4hl9YtGATGTKwXRGg4=">AAACDXicbVDLSsNAFL3xWesr6tLNYBFc1USkuhGKblxWsA9oQ5hMJ+3QySTMTIol9Bv8Abf6B+7Erd/gD/gdTtssbOuBC4dz7uUeTpBwprTjfFsrq2vrG5uFreL2zu7evn1w2FBxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLib+M0hlYrF4lGPEupFuCdYyAjWRvJtO/XZTeIzdI4iv0P6zLdLTtmZAi0TNyclyFHz7Z9ONyZpRIUmHCvVdp1EexmWmhFOx8VOqmiCyQD3aNtQgSOqvGyafIxOjdJFYSzNCI2m6t+LDEdKjaLAbEZY99WiNxH/89qpDq+9jIkk1VSQ2aMw5UjHaFID6jJJieYjQzCRzGRFpI8lJtqUNfflaRa1aIpxF2tYJo2LslspVx4uS9XbvKICHMMJnIELV1CFe6hBHQgM4QVe4c16tt6tD+tztrpi5TdHMAfr6xffsptZ</latexit>

ui = pi/mω

<latexit sha1_base64="qCRrqi2M7C2stC/PLUwx1Y5jCFw="></latexit>

|ωω| →
∣∣∣∣
ωεε
εε

∣∣∣∣

[
1 + 1.56g→1/2

↑

(
1Mpc

ϑFS

)2 (
1 + 0.27 ln

(
1Mpc

ϑFS

))(
6.7Mpc→1

k

)2
]
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Within our region of interest, 
<latexit sha1_base64="xILxU/v1WOBYFsUxuqg0PIAFITA="></latexit>

ωFS → 1Mpc

(
u2
i ti

106sec

)1/2 [
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i ti
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)]
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ui = pi/mω

<latexit sha1_base64="V7WMRM+9UOJurIXwoEFG7PL3XXw="></latexit>

|ωω| →
∣∣∣∣
ωεε
εε

∣∣∣∣

[
1 + 1.56g→1/2

↑

(
1Mpc

ϑFS

)2 (
1 + 0.27 ln

(
1Mpc

ϑFS

))(
6.7Mpc→1

k

)2
]

The  dependence gives overall enhancement on  associated with 
a suppressed . Also a  dependence.

∝ k−2 δλ
δρχ /ρχ λFS
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ui = pi/mω

<latexit sha1_base64="V7WMRM+9UOJurIXwoEFG7PL3XXw="></latexit>

|ωω| →
∣∣∣∣
ωεε
εε

∣∣∣∣

[
1 + 1.56g→1/2

↑

(
1Mpc

ϑFS

)2 (
1 + 0.27 ln

(
1Mpc

ϑFS

))(
6.7Mpc→1

k

)2
]

The  dependence gives overall enhancement on  associated with 
a suppressed . Also a  dependence.

∝ k−2 δλ
δρχ /ρχ λFS

Any constraints on  ?δρχ /ρχ ↔ δλ
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3. Isocurvature Constraints
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We consider kinetic isocurvature perturbations entering the horizon with

<latexit sha1_base64="IDapkgMaXIwy/PGnoA8zCpgeuq8="></latexit>

Pkin(k) → 2↑ 10→4g↑ (ωFSk)
4 Pωω(k).

<latexit sha1_base64="VR7x7xzZ0JNrngJoSok0gEtwYvE="></latexit>

→ωω(k)ωω (k→)↑ = (2ε)3ω(k + k→)
2ε2

k3
Pεω(k)
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Two representative profiles : 
<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω

We consider kinetic isocurvature perturbations entering the horizon with

<latexit sha1_base64="IDapkgMaXIwy/PGnoA8zCpgeuq8="></latexit>

Pkin(k) → 2↑ 10→4g↑ (ωFSk)
4 Pωω(k).

<latexit sha1_base64="VR7x7xzZ0JNrngJoSok0gEtwYvE="></latexit>

→ωω(k)ωω (k→)↑ = (2ε)3ω(k + k→)
2ε2

k3
Pεω(k)
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[Buckley et. al., 2025]
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We rescale NDI constraints with 
<latexit sha1_base64="bV+SUCBNpNWRAx1bNHYVTA8XDS4="></latexit>

Akin = ANDI

(
ωω
ωε

)2 [Buckley et. al., 2025]
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<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω
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<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω

No constraints for !Aδλ
≲ 1
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<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω
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<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω

Ly  bounds at −α k ∼ 1 Mpc−1
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<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω

Ly  bounds at −α k ∼ 1 Mpc−1

 allowed!δλ = 𝒪(0.1 − 1)
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<latexit sha1_base64="chR1edqIiCZNGIErtKrcre/FBOg="></latexit>

P (1)
ωω

(k) = Aωωω (ln k → ln k0)

P (2)
ωω

(k) = Aωω

Ly  bounds at −α k ∼ 1 Mpc−1

 allowed!δλ = 𝒪(0.1 − 1)

Any observational effect?
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3. Modulating Matter Power Spectrum
& Free Streaming Length
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="Q10oU0ikBXZb5I0cfcceW3fap9A="></latexit>

k̄FS → ω̄→1
FS

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="Q10oU0ikBXZb5I0cfcceW3fap9A="></latexit>

k̄FS → ω̄→1
FS

<latexit sha1_base64="Q10oU0ikBXZb5I0cfcceW3fap9A="></latexit>

k̄FS → ω̄→1
FS

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="n7+AJqipELjUUOd3BKmV/ovD3jM="></latexit>

k(i)FS →
(
ω(i)
FS

)→1
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="n7+AJqipELjUUOd3BKmV/ovD3jM="></latexit>

k(i)FS →
(
ω(i)
FS

)→1
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="n7+AJqipELjUUOd3BKmV/ovD3jM="></latexit>

k(i)FS →
(
ω(i)
FS

)→1
<latexit sha1_base64="X5XrYllOJNWaCp4YEFj69Z9e75g="></latexit>

k(j)FS →
(
ω(j)
FS

)→1
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<latexit sha1_base64="4EyoJHV3f0Q8gCqmzVFTkNMZhk8=">AAACNXicbVDLSsNAFJ3xWeur1aWbYBHaTUlEqsuiG5cV7APatEymk3boZCbMTMQS8h9u9Sf8FhfuxK2/4KTNwrReuHA4517O4Xgho0rb9gfc2Nza3tkt7BX3Dw6Pjkvlk44SkcSkjQUTsuchRRjlpK2pZqQXSoICj5GuN7tL9e4TkYoK/qjnIXEDNOHUpxhpQw1bozhIhnGV1pLqrDYqVey6vRhrHTgZqIBsWqMyLA/GAkcB4RozpFTfsUPtxkhqihlJioNIkRDhGZqQvoEcBUS58SJ2Yl0YZmz5Qprl2lqwfz9iFCg1DzxzGSA9VataSv6n9SPt37gx5WGkCcdLIz9ilhZW2oE1ppJgzeYGICypyWrhKZIIa9NUzuV5GTXHpX5aCKbyNEYcE5YUTYnOamXroHNZdxr1xsNVpXmb1VkAZ+AcVIEDrkET3IMWaAMMJHgBr+ANvsNP+AW/l6cbMPs5BbmBP78ENauv</latexit>

P (i)
m (k)

<latexit sha1_base64="peZHAwEt1VoHavSZwFeRdlXmwI8=">AAACNXicbVDLTgIxFO3gC/EFunTTSExgQ2aMQZdENy4xkUcCA+mUApVOO2k7RjKZ/3CrP+G3uHBn3PoLdmAWDniTm5ycc2/OyfECRpW27Q8rt7G5tb2T3y3s7R8cHhVLx20lQolJCwsmZNdDijDKSUtTzUg3kAT5HiMdb3ab6J0nIhUV/EHPA+L6aMLpmGKkDTVoDiM/HkSVx2pcmVWHxbJdsxcD14GTgjJIpzksWaX+SODQJ1xjhpTqOXag3QhJTTEjcaEfKhIgPEMT0jOQI58oN1rEjuG5YUZwLKRZruGC/fsRIV+pue+ZSx/pqVrVEvI/rRfq8bUbUR6EmnC8NBqHDGoBkw7giEqCNZsbgLCkJivEUyQR1qapjMvzMmqGS/y0EExlaYw4JiwumBKd1crWQfui5tRr9fvLcuMmrTMPTsEZqAAHXIEGuANN0AIYSPACXsGb9W59Wl/W9/I0Z6U/JyAz1s8vBf6rsA==</latexit>

P (j)
m (k)

<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="w8zwaHmPb70ulkFJKVZ9qSALzCA=">AAACMXicbVDLTgIxFO34RHyBLt1MJCauyIwx6JKICzcmmMgjAiGdcoGGTjtp7xjIhL9wqz/h17Azbv0Jy2Mh4E2anJxzb87pCSLBDXrexNnY3Nre2U3tpfcPDo+OM9mTqlGxZlBhSihdD6gBwSVUkKOAeqSBhoGAWjAoTfXaK2jDlXzGUQStkPYk73JG0VIvTYQhJqX7x3E7k/Py3mzcdeAvQI4sptzOOtlmR7E4BIlMUGMavhdhK6EaORMwTjdjAxFlA9qDhoWShmBaySzy2L2wTMftKm2fRHfG/r1IaGjMKAzsZkixb1a1Kfmf1oixe9tKuIxiBMnmRt1YuKjc6f/dDtfAUIwsoExzm9VlfaopQ9vSkstwHnWJm/qhUsIs04xKBmKctiX6q5Wtg+pV3i/kC0/XueLdos4UOSPn5JL45IYUyQMpkwphRJI38k4+nE9n4nw53/PVDWdxc0qWxvn5BbHBqpQ=</latexit>

CDM
<latexit sha1_base64="n7+AJqipELjUUOd3BKmV/ovD3jM="></latexit>

k(i)FS →
(
ω(i)
FS

)→1
<latexit sha1_base64="X5XrYllOJNWaCp4YEFj69Z9e75g="></latexit>

k(j)FS →
(
ω(j)
FS

)→1

Different  in different patcheskFS
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<latexit sha1_base64="y5FI3O9RnzNqiO3dfdBNS9BWTUc=">AAACBnicbVC7SgNBFL3rM8ZX1NJmMQhWYVckWgZtLCwimAckS5idzCZD5rHMzIph2d4fsNU/sBNbf8Mf8DucJFuYxAMDh3Pu5Z45YcyoNp737aysrq1vbBa2its7u3v7pYPDppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCsc3Uz81iNRmkrxYMYxCTgaCBpRjIyVOt2Yh6nKeuld1iuVvYo3hbtM/JyUIUe9V/rp9iVOOBEGM6R1x/diE6RIGYoZyYrdRJMY4REakI6lAnGig3QaOXNPrdJ3I6nsE8adqn83UsS1HvPQTnJkhnrRm4j/eZ3ERFdBSkWcGCLw7FCUMNdId/J/t08VwYaNLUFYUZvVxUOkEDa2pbkrT7OoRVuMv1jDMmmeV/xqpXp/Ua5d5xUV4BhO4Ax8uIQa3EIdGoBBwgu8wpvz7Lw7H87nbHTFyXeOYA7O1y9GPJoh</latexit>rrrL

Position Dependent Power Spectrum

29
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<latexit sha1_base64="y5FI3O9RnzNqiO3dfdBNS9BWTUc=">AAACBnicbVC7SgNBFL3rM8ZX1NJmMQhWYVckWgZtLCwimAckS5idzCZD5rHMzIph2d4fsNU/sBNbf8Mf8DucJFuYxAMDh3Pu5Z45YcyoNp737aysrq1vbBa2its7u3v7pYPDppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCsc3Uz81iNRmkrxYMYxCTgaCBpRjIyVOt2Yh6nKeuld1iuVvYo3hbtM/JyUIUe9V/rp9iVOOBEGM6R1x/diE6RIGYoZyYrdRJMY4REakI6lAnGig3QaOXNPrdJ3I6nsE8adqn83UsS1HvPQTnJkhnrRm4j/eZ3ERFdBSkWcGCLw7FCUMNdId/J/t08VwYaNLUFYUZvVxUOkEDa2pbkrT7OoRVuMv1jDMmmeV/xqpXp/Ua5d5xUV4BhO4Ax8uIQa3EIdGoBBwgu8wpvz7Lw7H87nbHTFyXeOYA7O1y9GPJoh</latexit>rrrL
<latexit sha1_base64="d6A0YHDvsUnOzv/gPAVoh3/C1MY=">AAACEXicbVBLTsMwFHTKr5Rf+OzYWFRIrKoEocKygg0LFkWiH6kJkeM6rVXbiWwHUaKcgguwhRuwQ2w5ARfgHLifBW0Z6Umjmff0RhMmjCrtON9WYWl5ZXWtuF7a2Nza3rF395oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphYOrkd96IFLRWNzpYUJ8jnqCRhQjbaTAPvASHmYyD7Kb/D7zEkk5yQO77FScMeAicaekDKaoB/aP141xyonQmCGlOq6TaD9DUlPMSF7yUkUShAeoRzqGCsSJ8rNx+hweG6ULo1iaERqO1b8XGeJKDXloNjnSfTXvjcT/vE6qows/oyJJNRF48ihKGdQxHFUBu1QSrNnQEIQlNVkh7iOJsDaFzXx5nEQtmWLc+RoWSfO04lYr1duzcu1yWlERHIIjcAJccA5q4BrUQQNg8ARewCt4s56td+vD+pysFqzpzT6YgfX1C1nbnns=</latexit>

rrr→L

<latexit sha1_base64="Xy6kheHsE4yEq39YTf/O2akUE0g="></latexit>

|rrrL → rrr→L| ↑ K↑1
L

Position Dependent Power Spectrum

29
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<latexit sha1_base64="y5FI3O9RnzNqiO3dfdBNS9BWTUc=">AAACBnicbVC7SgNBFL3rM8ZX1NJmMQhWYVckWgZtLCwimAckS5idzCZD5rHMzIph2d4fsNU/sBNbf8Mf8DucJFuYxAMDh3Pu5Z45YcyoNp737aysrq1vbBa2its7u3v7pYPDppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCsc3Uz81iNRmkrxYMYxCTgaCBpRjIyVOt2Yh6nKeuld1iuVvYo3hbtM/JyUIUe9V/rp9iVOOBEGM6R1x/diE6RIGYoZyYrdRJMY4REakI6lAnGig3QaOXNPrdJ3I6nsE8adqn83UsS1HvPQTnJkhnrRm4j/eZ3ERFdBSkWcGCLw7FCUMNdId/J/t08VwYaNLUFYUZvVxUOkEDa2pbkrT7OoRVuMv1jDMmmeV/xqpXp/Ua5d5xUV4BhO4Ax8uIQa3EIdGoBBwgu8wpvz7Lw7H87nbHTFyXeOYA7O1y9GPJoh</latexit>rrrL
<latexit sha1_base64="d6A0YHDvsUnOzv/gPAVoh3/C1MY=">AAACEXicbVBLTsMwFHTKr5Rf+OzYWFRIrKoEocKygg0LFkWiH6kJkeM6rVXbiWwHUaKcgguwhRuwQ2w5ARfgHLifBW0Z6Umjmff0RhMmjCrtON9WYWl5ZXWtuF7a2Nza3rF395oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphYOrkd96IFLRWNzpYUJ8jnqCRhQjbaTAPvASHmYyD7Kb/D7zEkk5yQO77FScMeAicaekDKaoB/aP141xyonQmCGlOq6TaD9DUlPMSF7yUkUShAeoRzqGCsSJ8rNx+hweG6ULo1iaERqO1b8XGeJKDXloNjnSfTXvjcT/vE6qows/oyJJNRF48ihKGdQxHFUBu1QSrNnQEIQlNVkh7iOJsDaFzXx5nEQtmWLc+RoWSfO04lYr1duzcu1yWlERHIIjcAJccA5q4BrUQQNg8ARewCt4s56td+vD+pysFqzpzT6YgfX1C1nbnns=</latexit>

rrr→L

<latexit sha1_base64="Xy6kheHsE4yEq39YTf/O2akUE0g="></latexit>

|rrrL → rrr→L| ↑ K↑1
L

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω

Position Dependent Power Spectrum
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<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω
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<latexit sha1_base64="y5FI3O9RnzNqiO3dfdBNS9BWTUc=">AAACBnicbVC7SgNBFL3rM8ZX1NJmMQhWYVckWgZtLCwimAckS5idzCZD5rHMzIph2d4fsNU/sBNbf8Mf8DucJFuYxAMDh3Pu5Z45YcyoNp737aysrq1vbBa2its7u3v7pYPDppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCsc3Uz81iNRmkrxYMYxCTgaCBpRjIyVOt2Yh6nKeuld1iuVvYo3hbtM/JyUIUe9V/rp9iVOOBEGM6R1x/diE6RIGYoZyYrdRJMY4REakI6lAnGig3QaOXNPrdJ3I6nsE8adqn83UsS1HvPQTnJkhnrRm4j/eZ3ERFdBSkWcGCLw7FCUMNdId/J/t08VwYaNLUFYUZvVxUOkEDa2pbkrT7OoRVuMv1jDMmmeV/xqpXp/Ua5d5xUV4BhO4Ax8uIQa3EIdGoBBwgu8wpvz7Lw7H87nbHTFyXeOYA7O1y9GPJoh</latexit>rrrL
<latexit sha1_base64="d6A0YHDvsUnOzv/gPAVoh3/C1MY=">AAACEXicbVBLTsMwFHTKr5Rf+OzYWFRIrKoEocKygg0LFkWiH6kJkeM6rVXbiWwHUaKcgguwhRuwQ2w5ARfgHLifBW0Z6Umjmff0RhMmjCrtON9WYWl5ZXWtuF7a2Nza3rF395oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphYOrkd96IFLRWNzpYUJ8jnqCRhQjbaTAPvASHmYyD7Kb/D7zEkk5yQO77FScMeAicaekDKaoB/aP141xyonQmCGlOq6TaD9DUlPMSF7yUkUShAeoRzqGCsSJ8rNx+hweG6ULo1iaERqO1b8XGeJKDXloNjnSfTXvjcT/vE6qows/oyJJNRF48ihKGdQxHFUBu1QSrNnQEIQlNVkh7iOJsDaFzXx5nEQtmWLc+RoWSfO04lYr1duzcu1yWlERHIIjcAJccA5q4BrUQQNg8ARewCt4s56td+vD+pysFqzpzT6YgfX1C1nbnns=</latexit>

rrr→L

<latexit sha1_base64="Xy6kheHsE4yEq39YTf/O2akUE0g="></latexit>

|rrrL → rrr→L| ↑ K↑1
L

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω

Position Dependent Power Spectrum

29

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω<latexit sha1_base64="skppwyc3iLCFbLQNLho5nhLCQFo=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxI5kxBl0S3bjERB4JjKRTOlBpO5O2YyQTVv6AW/0Dd8atX+IP+B0WmIWgJ2lycs69uacniDnTxnW/nNzS8srqWn69sLG5tb1T3N1r6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMryZ+84EqzSJ5a0Yx9QXuSxYygo2VGsO79MQbd4slt+xOgf4SLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcjgudRNMYkyHu07alEguq/XSadoyOrNJDYaTskwZN1d8bKRZaj0RgJwU2A73oTcT/vHZiwgs/ZTJODJVkdihMODIRmnwd9ZiixPCRJZgoZrMiMsAKE2MLmrvyOItasMV4izX8JY3TslcpV27OStXLrKI8HMAhHIMH51CFa6hBHQjcwzO8wKvz5Lw5787HbDTnZDv7MAfn8wdw+Zdm</latexit>
k→1



D.Y. Cheong |Kinetic Isocurvature Perturbations

<latexit sha1_base64="y5FI3O9RnzNqiO3dfdBNS9BWTUc=">AAACBnicbVC7SgNBFL3rM8ZX1NJmMQhWYVckWgZtLCwimAckS5idzCZD5rHMzIph2d4fsNU/sBNbf8Mf8DucJFuYxAMDh3Pu5Z45YcyoNp737aysrq1vbBa2its7u3v7pYPDppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCsc3Uz81iNRmkrxYMYxCTgaCBpRjIyVOt2Yh6nKeuld1iuVvYo3hbtM/JyUIUe9V/rp9iVOOBEGM6R1x/diE6RIGYoZyYrdRJMY4REakI6lAnGig3QaOXNPrdJ3I6nsE8adqn83UsS1HvPQTnJkhnrRm4j/eZ3ERFdBSkWcGCLw7FCUMNdId/J/t08VwYaNLUFYUZvVxUOkEDa2pbkrT7OoRVuMv1jDMmmeV/xqpXp/Ua5d5xUV4BhO4Ax8uIQa3EIdGoBBwgu8wpvz7Lw7H87nbHTFyXeOYA7O1y9GPJoh</latexit>rrrL
<latexit sha1_base64="d6A0YHDvsUnOzv/gPAVoh3/C1MY=">AAACEXicbVBLTsMwFHTKr5Rf+OzYWFRIrKoEocKygg0LFkWiH6kJkeM6rVXbiWwHUaKcgguwhRuwQ2w5ARfgHLifBW0Z6Umjmff0RhMmjCrtON9WYWl5ZXWtuF7a2Nza3rF395oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphYOrkd96IFLRWNzpYUJ8jnqCRhQjbaTAPvASHmYyD7Kb/D7zEkk5yQO77FScMeAicaekDKaoB/aP141xyonQmCGlOq6TaD9DUlPMSF7yUkUShAeoRzqGCsSJ8rNx+hweG6ULo1iaERqO1b8XGeJKDXloNjnSfTXvjcT/vE6qows/oyJJNRF48ihKGdQxHFUBu1QSrNnQEIQlNVkh7iOJsDaFzXx5nEQtmWLc+RoWSfO04lYr1duzcu1yWlERHIIjcAJccA5q4BrUQQNg8ARewCt4s56td+vD+pysFqzpzT6YgfX1C1nbnns=</latexit>

rrr→L

<latexit sha1_base64="Xy6kheHsE4yEq39YTf/O2akUE0g="></latexit>

|rrrL → rrr→L| ↑ K↑1
L

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω <latexit sha1_base64="skppwyc3iLCFbLQNLho5nhLCQFo=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxI5kxBl0S3bjERB4JjKRTOlBpO5O2YyQTVv6AW/0Dd8atX+IP+B0WmIWgJ2lycs69uacniDnTxnW/nNzS8srqWn69sLG5tb1T3N1r6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMryZ+84EqzSJ5a0Yx9QXuSxYygo2VGsO79MQbd4slt+xOgf4SLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcjgudRNMYkyHu07alEguq/XSadoyOrNJDYaTskwZN1d8bKRZaj0RgJwU2A73oTcT/vHZiwgs/ZTJODJVkdihMODIRmnwd9ZiixPCRJZgoZrMiMsAKE2MLmrvyOItasMV4izX8JY3TslcpV27OStXLrKI8HMAhHIMH51CFa6hBHQjcwzO8wKvz5Lw5787HbDTnZDv7MAfn8wdw+Zdm</latexit>
k→1

Position Dependent Power Spectrum

29

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω<latexit sha1_base64="skppwyc3iLCFbLQNLho5nhLCQFo=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxI5kxBl0S3bjERB4JjKRTOlBpO5O2YyQTVv6AW/0Dd8atX+IP+B0WmIWgJ2lycs69uacniDnTxnW/nNzS8srqWn69sLG5tb1T3N1r6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMryZ+84EqzSJ5a0Yx9QXuSxYygo2VGsO79MQbd4slt+xOgf4SLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcjgudRNMYkyHu07alEguq/XSadoyOrNJDYaTskwZN1d8bKRZaj0RgJwU2A73oTcT/vHZiwgs/ZTJODJVkdihMODIRmnwd9ZiixPCRJZgoZrMiMsAKE2MLmrvyOItasMV4izX8JY3TslcpV27OStXLrKI8HMAhHIMH51CFa6hBHQjcwzO8wKvz5Lw5787HbDTnZDv7MAfn8wdw+Zdm</latexit>
k→1
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<latexit sha1_base64="y5FI3O9RnzNqiO3dfdBNS9BWTUc=">AAACBnicbVC7SgNBFL3rM8ZX1NJmMQhWYVckWgZtLCwimAckS5idzCZD5rHMzIph2d4fsNU/sBNbf8Mf8DucJFuYxAMDh3Pu5Z45YcyoNp737aysrq1vbBa2its7u3v7pYPDppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCsc3Uz81iNRmkrxYMYxCTgaCBpRjIyVOt2Yh6nKeuld1iuVvYo3hbtM/JyUIUe9V/rp9iVOOBEGM6R1x/diE6RIGYoZyYrdRJMY4REakI6lAnGig3QaOXNPrdJ3I6nsE8adqn83UsS1HvPQTnJkhnrRm4j/eZ3ERFdBSkWcGCLw7FCUMNdId/J/t08VwYaNLUFYUZvVxUOkEDa2pbkrT7OoRVuMv1jDMmmeV/xqpXp/Ua5d5xUV4BhO4Ax8uIQa3EIdGoBBwgu8wpvz7Lw7H87nbHTFyXeOYA7O1y9GPJoh</latexit>rrrL
<latexit sha1_base64="d6A0YHDvsUnOzv/gPAVoh3/C1MY=">AAACEXicbVBLTsMwFHTKr5Rf+OzYWFRIrKoEocKygg0LFkWiH6kJkeM6rVXbiWwHUaKcgguwhRuwQ2w5ARfgHLifBW0Z6Umjmff0RhMmjCrtON9WYWl5ZXWtuF7a2Nza3rF395oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphYOrkd96IFLRWNzpYUJ8jnqCRhQjbaTAPvASHmYyD7Kb/D7zEkk5yQO77FScMeAicaekDKaoB/aP141xyonQmCGlOq6TaD9DUlPMSF7yUkUShAeoRzqGCsSJ8rNx+hweG6ULo1iaERqO1b8XGeJKDXloNjnSfTXvjcT/vE6qows/oyJJNRF48ihKGdQxHFUBu1QSrNnQEIQlNVkh7iOJsDaFzXx5nEQtmWLc+RoWSfO04lYr1duzcu1yWlERHIIjcAJccA5q4BrUQQNg8ARewCt4s56td+vD+pysFqzpzT6YgfX1C1nbnns=</latexit>

rrr→L

<latexit sha1_base64="Xy6kheHsE4yEq39YTf/O2akUE0g="></latexit>

|rrrL → rrr→L| ↑ K↑1
L

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω <latexit sha1_base64="skppwyc3iLCFbLQNLho5nhLCQFo=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxI5kxBl0S3bjERB4JjKRTOlBpO5O2YyQTVv6AW/0Dd8atX+IP+B0WmIWgJ2lycs69uacniDnTxnW/nNzS8srqWn69sLG5tb1T3N1r6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMryZ+84EqzSJ5a0Yx9QXuSxYygo2VGsO79MQbd4slt+xOgf4SLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcjgudRNMYkyHu07alEguq/XSadoyOrNJDYaTskwZN1d8bKRZaj0RgJwU2A73oTcT/vHZiwgs/ZTJODJVkdihMODIRmnwd9ZiixPCRJZgoZrMiMsAKE2MLmrvyOItasMV4izX8JY3TslcpV27OStXLrKI8HMAhHIMH51CFa6hBHQjcwzO8wKvz5Lw5787HbDTnZDv7MAfn8wdw+Zdm</latexit>
k→1

Position Dependent Power Spectrum

29

<latexit sha1_base64="XW23D/YwslcGjqzmkMm8WtBl4eU=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMn0ph06mYSZiVhCF/6AW/0Dd+LWT/EH/A4nbRa29cDA4Zx7uWeOH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74NvPbjygVi8SDnsTohWQoWMAo0ZnUQ8775YpTdWawV4mbkwrkaPTLP71BRJMQhaacKNV1nVh7KZGaUY7TUi9RGBM6JkPsGipIiMpLZ1mn9plRBnYQSfOEtmfq342UhEpNQt9MhkSP1LKXif953UQH117KRJxoFHR+KEi4rSM7+7g9YBKp5hNDCJXMZLXpiEhCtaln4crTPGrJFOMu17BKWhdVt1at3V9W6jd5RUU4gVM4BxeuoA530IAmUBjBC7zCm/VsvVsf1ud8tGDlO8ewAOvrF04blsw=</latexit>

ω<latexit sha1_base64="skppwyc3iLCFbLQNLho5nhLCQFo=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxI5kxBl0S3bjERB4JjKRTOlBpO5O2YyQTVv6AW/0Dd8atX+IP+B0WmIWgJ2lycs69uacniDnTxnW/nNzS8srqWn69sLG5tb1T3N1r6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMryZ+84EqzSJ5a0Yx9QXuSxYygo2VGsO79MQbd4slt+xOgf4SLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcjgudRNMYkyHu07alEguq/XSadoyOrNJDYaTskwZN1d8bKRZaj0RgJwU2A73oTcT/vHZiwgs/ZTJODJVkdihMODIRmnwd9ZiixPCRJZgoZrMiMsAKE2MLmrvyOItasMV4izX8JY3TslcpV27OStXLrKI8HMAhHIMH51CFa6hBHQjcwzO8wKvz5Lw5787HbDTnZDv7MAfn8wdw+Zdm</latexit>
k→1

Position dep. power spectrum 
within sub volume Vs

<latexit sha1_base64="f+vhhQBVmEP9grhx8FtMiM8qGK8="></latexit>

Pω (k, rL) →
1

Vs
|ω (k, rL)|2 ,

<latexit sha1_base64="WppcztETWQ8WdDOGznWatutHEBc="></latexit>

ω (k, rL) →
∫

d3rω(r)Ws (r ↑ rL) e
→ik·r =

∫
d3q

(2ε)3
ω(3)(k ↑ q)Ws(q)e

→iq·rL

[Takada & Wu (2013), Chiang et.al. (2014)]



D.Y. Cheong |Kinetic Isocurvature Perturbations

Position Dependent Power Spectrum

30



D.Y. Cheong |Kinetic Isocurvature Perturbations

Position Dependent Power Spectrum

30

Modulation in λFS
<latexit sha1_base64="2/6hFym60a31QJvFLyaaHKZqtLA="></latexit>

ωFS(x) = ω̄FS + εωFS(x).
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Separate universe approach :  constant within a  patch.λFS Vs
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Modulation in λFS
<latexit sha1_base64="2/6hFym60a31QJvFLyaaHKZqtLA="></latexit>

ωFS(x) = ω̄FS + εωFS(x).

Separate universe approach :  constant within a  patch.λFS Vs

<latexit sha1_base64="bXYMahgfXTLdSoDTe/eAmDuqc/Y="></latexit>

!Pm (k,ωFS (rL)) → ωFS
dPm

dωFS

∣∣∣∣
ωFS=ω̄FS

εω (rL)

<latexit sha1_base64="DdFm2huijjLFOvLOEdtl9UggLWQ="></latexit>

!Pm (k,ωFS (rL)) → Pm (k,ωFS (rL))↑ Pm

(
k, ω̄FS

)
↓ ωFS

dPm

dωFS

∣∣∣∣
ωFS=ω̄FS

εω (rL)
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Correlation of  governed by ΔPm Pδλ

<latexit sha1_base64="OnT+dc6FHjSizD1DsUpjT/ExiAs="></latexit>

PPP (k,KL) = ω2
FS

(
dPm

dωFS

)2

Pωω (KL)

<latexit sha1_base64="K/KLR+s+Ka8iV5N0elfcJ9SKfdk="></latexit>

→!Pm(kkk,ωFS;KKKL)!Pm(kkk,ωFS;KKK
→
L)↑ ↓ (2ε)3ϑ(3)(KKKL +KKK →

L)PPP (kkk,KKKL)
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Correlation of  governed by ΔPm Pδλ

<latexit sha1_base64="OnT+dc6FHjSizD1DsUpjT/ExiAs="></latexit>

PPP (k,KL) = ω2
FS

(
dPm

dωFS

)2

Pωω (KL)

<latexit sha1_base64="K/KLR+s+Ka8iV5N0elfcJ9SKfdk="></latexit>

→!Pm(kkk,ωFS;KKKL)!Pm(kkk,ωFS;KKK
→
L)↑ ↓ (2ε)3ϑ(3)(KKKL +KKK →

L)PPP (kkk,KKKL)

Size of effect governed by  dependence on , through the  !Pm λFS TFS
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<latexit sha1_base64="p2iNTzHKcfzxnZWoDCk9wf7eN3s="></latexit>

Pm(k) = TFS(k)
2PR(k) |Ws(k)|2
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<latexit sha1_base64="tX33XLVZka9/33m8qD2p6mLs8DI="></latexit>

TFS (k,ωFS) =
[
1 + (cωFSk)

ω
]ε

Representative form 
<latexit sha1_base64="p2iNTzHKcfzxnZWoDCk9wf7eN3s="></latexit>

Pm(k) = TFS(k)
2PR(k) |Ws(k)|2
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<latexit sha1_base64="tX33XLVZka9/33m8qD2p6mLs8DI="></latexit>

TFS (k,ωFS) =
[
1 + (cωFSk)

ω
]ε

Representative form 

0.01 0.10 1 10 100

10-6

0.001

1

<latexit sha1_base64="6e52dsPw1a9Z0KqX3qNhdrhtXAU=">AAACG3icbVDLSsNAFJ3UV62vqEtBBovgQkNSSnUjFN24rGAf0IQymU7boTNJmJmIJbQrf8MfcKt/4E7cuvAH/A4nbRa2euDC4Zx7ufceP2JUKtv+MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SNJGA1IXVHFSCsSBHGfkaY/vE795j0RkobBnRpFxOOoH9AexUhpqWMeuj5RCF7CklWGk9PJBLp9xHmqnDmW0zGLtmVPAf8SJyNFkKHWMb/dbohjTgKFGZKy7diR8hIkFMWMjAtuLEmE8BD1SVvTAHEivWT6xxgea6ULe6HQFSg4VX9PJIhLOeK+7uRIDeSil4r/ee1Y9S68hAZRrEiAZ4t6MYMqhGkosEsFwYqNNEFYUH0rxAMkEFY6urktD7NTCzoYZzGGv6RRspyKVbktF6tXWUR5cACOwAlwwDmoghtQA3WAwSN4Bi/g1Xgy3ox342PWmjOymX0wB+PzBxz9nvA=</latexit>

ω = 2.4 , ε = →1.1

<latexit sha1_base64="p2iNTzHKcfzxnZWoDCk9wf7eN3s="></latexit>

Pm(k) = TFS(k)
2PR(k) |Ws(k)|2

[e.g. Miller, Erickcek & Murgia (2019)]
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<latexit sha1_base64="tX33XLVZka9/33m8qD2p6mLs8DI="></latexit>

TFS (k,ωFS) =
[
1 + (cωFSk)

ω
]ε

Representative form 

0.01 0.10 1 10 100

10-6

0.001

1

<latexit sha1_base64="6e52dsPw1a9Z0KqX3qNhdrhtXAU=">AAACG3icbVDLSsNAFJ3UV62vqEtBBovgQkNSSnUjFN24rGAf0IQymU7boTNJmJmIJbQrf8MfcKt/4E7cuvAH/A4nbRa2euDC4Zx7ufceP2JUKtv+MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SNJGA1IXVHFSCsSBHGfkaY/vE795j0RkobBnRpFxOOoH9AexUhpqWMeuj5RCF7CklWGk9PJBLp9xHmqnDmW0zGLtmVPAf8SJyNFkKHWMb/dbohjTgKFGZKy7diR8hIkFMWMjAtuLEmE8BD1SVvTAHEivWT6xxgea6ULe6HQFSg4VX9PJIhLOeK+7uRIDeSil4r/ee1Y9S68hAZRrEiAZ4t6MYMqhGkosEsFwYqNNEFYUH0rxAMkEFY6urktD7NTCzoYZzGGv6RRspyKVbktF6tXWUR5cACOwAlwwDmoghtQA3WAwSN4Bi/g1Xgy3ox342PWmjOymX0wB+PzBxz9nvA=</latexit>

ω = 2.4 , ε = →1.1

<latexit sha1_base64="nVDFVajobZZLZpTNSL7BQLfZx7c="></latexit>

PPP (kFS,KL)

Pm (kFS)
2 → 10Pωω (KL)

 fluctuations in 
normalized correlation
𝒪(1)

<latexit sha1_base64="p2iNTzHKcfzxnZWoDCk9wf7eN3s="></latexit>

Pm(k) = TFS(k)
2PR(k) |Ws(k)|2

[e.g. Miller, Erickcek & Murgia (2019)]
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<latexit sha1_base64="tX33XLVZka9/33m8qD2p6mLs8DI="></latexit>

TFS (k,ωFS) =
[
1 + (cωFSk)

ω
]ε

Representative form 

0.01 0.10 1 10 100

10-6

0.001

1

<latexit sha1_base64="6e52dsPw1a9Z0KqX3qNhdrhtXAU=">AAACG3icbVDLSsNAFJ3UV62vqEtBBovgQkNSSnUjFN24rGAf0IQymU7boTNJmJmIJbQrf8MfcKt/4E7cuvAH/A4nbRa2euDC4Zx7ufceP2JUKtv+MnJLyyura/n1wsbm1vaOubvXkGEsMKnjkIWi5SNJGA1IXVHFSCsSBHGfkaY/vE795j0RkobBnRpFxOOoH9AexUhpqWMeuj5RCF7CklWGk9PJBLp9xHmqnDmW0zGLtmVPAf8SJyNFkKHWMb/dbohjTgKFGZKy7diR8hIkFMWMjAtuLEmE8BD1SVvTAHEivWT6xxgea6ULe6HQFSg4VX9PJIhLOeK+7uRIDeSil4r/ee1Y9S68hAZRrEiAZ4t6MYMqhGkosEsFwYqNNEFYUH0rxAMkEFY6urktD7NTCzoYZzGGv6RRspyKVbktF6tXWUR5cACOwAlwwDmoghtQA3WAwSN4Bi/g1Xgy3ox342PWmjOymX0wB+PzBxz9nvA=</latexit>

ω = 2.4 , ε = →1.1

<latexit sha1_base64="nVDFVajobZZLZpTNSL7BQLfZx7c="></latexit>

PPP (kFS,KL)

Pm (kFS)
2 → 10Pωω (KL)

 fluctuations in 
normalized correlation
𝒪(1)

<latexit sha1_base64="p2iNTzHKcfzxnZWoDCk9wf7eN3s="></latexit>

Pm(k) = TFS(k)
2PR(k) |Ws(k)|2

Modulations in galaxy surveys, small scale observations?

[e.g. Miller, Erickcek & Murgia (2019)]
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Conclusions and Discussions
• Kinetic Isocurvature Perturbations as a new class of isocurvature!

• Governed by  fluctuation,  fluctuations compatible with 
isocurvature constraints.

•  modulations in the patch-by-patch free streaming length.

Open questions : 

UV complete model, optimized observables, observational test? 
 
 

p O(1)

O(1)
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Massive scalar field :  (zero mode), scalar DM , modulating scalar . ϕ χ σ
<latexit sha1_base64="yF7rukD8sI+TrVGoS7PrY9kzgNw="></latexit>

Lint = gωεϑ2 , !ω → 1

8ϖ

g2ω2
i

mω

Temperature scales : , assuming RD at  and .Tdec, Tosc, TNR Tdec Tosc
<latexit sha1_base64="k7kQLZNa2FyJtFSFxMJIpgz9pCk="></latexit>

Tdec →
√
!MP , Tosc →

(
90

ω2g→

)1/4 √
mωMP , TNR → Tdec

mε

mω
<latexit sha1_base64="5wp39a7UoCfksx65WBsNqQyq+v0="></latexit>

ωω
s

→ mωnω

s
→ mω

nε

s
↑ mωmεε2

i

g→ (mεMP )
3/2

<latexit sha1_base64="mDC+knuj3qrdKTnBkM7omq3X8PU="></latexit>

ωi →
(
g→TdecTeq

TNR

)1/2 M3/4
P

m1/4
ω

→ 1015GeV ↑
(

Tdec

109GeV

)1/2 (10keV

TNR

)1/2 (108GeV

mω

)1/4
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In order for large  modulation,  should start oscillating at Γ σ T < Tdec
<latexit sha1_base64="z232Yq64354D/Tsk8fpkkAgrG4Y="></latexit>

mω <
T 2
dec

MP
= 1GeV

(
Tdec

109GeV

)2

<latexit sha1_base64="y6Rv73fFCF7FqIexTPqEm1BkkWg="></latexit>

In order for ωm1-loop
ω → g

4ε
ϑ <

T 2
dec

MP
, g ↭ 10→8

(
TNR

10keV

)1/2 ( mε

108GeV

)

Requirements on mσ
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 eventually starts oscillations and dissipated at , needs suppressed σ Tdis
<latexit sha1_base64="Yn5qOXtMohVvGRNDCLSufWoTVyE="></latexit>

Rω → ωε

εi

ε2
i

M2
P

↑
mωMP

Tdis

→ 10→6 ↓ ωε

εi

mε

108GeV

(
Tdec

109GeV

)2 ( mω

1GeV

)1/2 103GeV

Tdis

(
10→8

g

)2

<latexit sha1_base64="LdEJOgqRtkbc9doD5QclEhVqUk0="></latexit>

Rω suppressed for su!ciently large Tdis
<latexit sha1_base64="oBBD97HIWIOJZ9x9UVUQ1Kgm1Eo="></latexit>

e.g. If L → AHω|H|2, ω is dissipated with a rate ↑ A
2
H

8εT<latexit sha1_base64="Zs+aWBZdNVZnmc7dhDY0b+StUa4="></latexit>

Tdis → 103GeV

(
AH

10→3GeV

)2/3

<latexit sha1_base64="71rTtfd6s++JxVcmkyWAk+1ZOZM="></latexit>

mω → MeV for suppressing the !Ne!


