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Motivation

Q : Anew type of isocurvature perturbation?

® Kinetic Isocurvature Perturbations

® Adiabatic Number + Non-Adiabatic Momentum

Q : Any unique observational probe?

® Modulation of the Free Streaming Length

® Modulation of the Matter Power Spectrum
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DM Energy Density Perturbations

The energy density of DM ppu = |Pou]

PDM — Epvmnpm, EpMm = \/m%M - p%M

The energy density perturbation decomposes to

5/0DM OMDM PDM 0OPDM

Normally the dominant source
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DM Energy Density Perturbations

The energy density of DM ppu = |Pou]

PDM — Epvmnpm, EpMm = \/m%M - p%M

The energy density perturbation decomposes to

0 PDM _ on | p%M OPDM
PDM pM ERyv PpoM

Adiabatic < 107°
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DM Energy Density Perturbations

The energy density of DM ppu = |Pou]
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Kinetic Isocuvature Perturbation

0 PDM

PDM
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Kinetic Isocuvature Perturbation

0 PDM

PDM

For (warm) DM, as DM becomes non-relativistic
ppm 1 0 1
UDM = i3 X — PDM X —
DM a OPDM a?
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Kinetic Isocuvature Perturbation

0 PDM

PDM

For (warm) DM, as DM becomes non-relativistic
ppm 1 0 1
UDM = i3 X — PDM X —
DM a OPDM a?

Free-streaming length perturbation governed by initial p distribution

5. — OAFS  OpPDM
N = X

AFS PDM
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Kinetic Isocuvature Perturbation

Setup to realize kinetic isocurvature perturbations?
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Setur

Decaying massive scalar field : ¢ ( subdominant component )

Light DM particle : y / Modulating field ¢ (superhorizon fluctuations)

1/2
A? (1 4m§<>
16
o Apx* x : scalar r— e Mg 9
yoxx x . fermion. yEmeg | 4mi
ST mg)

00 — (0A, dy) — oI
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Energy density modulation

Decay yield
n, (a;) = 2n, (a;) .

Fixed, no on

Ditferent decay times

Momentum redshift
pla) = p; (ai/a)

(a/a;i)’ng .- \
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Relation between op and 0,

Within our region of interest, Ui = Pi/ My
wt; \T uit; \
Ars ~ 1M L 1 —0.071 L
v P (106866) _ . (106866)_

-

' B 1Mpe ) 2 1M TMpe !
0| OPx 1 4+ 1.56g, 12 ( pc) (1—|—().271n( pc)) (67 b )
AFS AFS k

Any constraints on op,/p, <> 0, ?
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Kinetic Isocurvature Constraints

- NDI broken power law, ' [BUCkley, 2025] (2) L
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Kinetic Isocurvature Constraints

o NDLbrken povr by __Buicley; 2025 p(2) (k) =A
—— CMB + BAO / 5)\ 5}\
10°F | . V
0L y-distortion
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Any observational effect? Ars(Mpc)
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Position Dependent Power Spectrum

Position dep. power spectrum Pl rr)= —I5(k v )I?
within sub volume V 5 (kL) Vs o k)l

(k,ri) = [ oW (r—ri) e = [ S5O0 — g (@
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Position Dependent Power Spectrum

Modulation in Agg
Ars () = Aps + dAps ().

Separate universe approach : Ap constant within a V, patch.

dpP,

AP, (k,\ ~ \
(K, A\rs (7)) FS N

5)\ (TL)

AFS=AFS

APm (k, )\FS (’I“L)) — Pm (k, )\FS (’I“L)) — Pm (k, >\FS)
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Position Dependent Power Spectrum

Correlation of AP, governed by Py

AP \°

<APm(kZ, )\FS;KL)APm(k, )\Fs,K,L» — (27‘(‘)3(5(3) (KL -+ K/L)Ppp(k,KL)

Size of effect governed by P, dependence on Agg, through the T !

D.Y. Cheong | Kinetic Isocurvature Perturbations

11



Modulating Power Spectrum

Po(k) = Tes (k)P (k) W) Representative form Trs (k, Ars) = |1+ (cApsk)”
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Modulating Power Spectrum

Po(k) = Tes (k)P (k) W) Representative form Trs (k, Ars) = |1+ (cApsk)”
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Modulations in galaxy surveys, small scale observations?
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Conclusions and Discussions

o Kinetic Isocurvature Perturbations as a new class of isocurvature!

e Governed by p fluctuation, O(1) fluctuations compatible with
1Isocurvature constraints.

e O(1) modulations in the patch-by-patch free streaming length.

Open questions :

UV complete model, optimized observables?



Backup Material
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A Concrete Model

Massive scalar field : ¢ (zero mode), scalar DM y, modulating scalar o.
1 9203

»Cint — 90¢X2 : F(b = QT Mg

Temperature scales : 1., 1,

os Inp, @ssuming RD at 7.. and 7.

90 \ '/ m
Tdec =~ \/FMP . TOSC =~ ( ) \/m¢MP . TNR =~ Tdec X

TGy M
Px o MxM o e MMy P;
B X 3/9
S S S gx (Mo Mp) /
¢. g*TdecTeq 12 M;/4 1015G€V v Tdec t/2 10keV 1/2 1O8G€V 1/4
Z INR m(lb/ 4 10°GeV TNR Me
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A Concrete Model

Requirements on m

In order for large I’ modulation, o should start oscillating at 7' < T,

I d f 5 1—lOOp g ¢ < Tc?ec < 10—8 TNR 1/2< m¢
Il order 10r ~ —
’ Mo ar® S Mp T 10keV 103GeV
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A Concrete Model

o eventually starts oscillations and dissipated at 7 4;5, needs suppressed
oo of \/mysMp

Ry ~
Oj M% Tdis
10—6 5 00 My Tec 2( Mo )1/2 103GeV /10-8\"
g; 103GeV \ 10°GeV 1GeV Ty g
R, suppressed for sufficiently large Tyis
AQ
e.g. If LD Ayo|H|?, o is dissipated with a rate ~ . Z‘C
-

10—3GeV
my > MeV for suppressing the AN g

A 2/3
Tiic ~ 103GeV ( - )
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