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Motivation

mMpm

~ 1072 eV ~10eV ~keV ~ GeV ~ Mg

Qpm 7 0

Many possibilities : origin, properties, signatures

Important to identify unique (cosmological) signatures
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Motivation

Q : A new type of isocurvature perturbation?

e Kinetic Isocurvature Perturbations

e 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

ppm = Epmnpm, Epm = \/m%M + P

The energy density perturbation decomposes to

0PDM

PDM

(SRDM

pQDM 0PDM

npm

| E]%M PDM
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DM Energy Density Perturbations

The energy density of DM

ppm = Epmnpm, Epm = \/W%M + Pt

The energy density perturbation decomposes to

0PDM

PDM

5nDM

p]2:)1\/[ 0PDM

npm

| E]%M PDM

Normally the dominant source
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DM Energy Density Perturbations

The energy density of DM

ppm = Epmnpm, Epm = \/m%M + P

The energy density perturbation decomposes to

5PDM _ Onpgt p2DM OpPDM
DM

7{ DM PDM
l

0!
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DM Energy Density Perturbations

The energy density of DM

ppm = Epmnpm, Epm = \/W%M + Pt

The energy density perturbation decomposes to

5PDM npﬁ
" bwm

e ok .. T 1 T ) p | g

-+ e e raVYa EE et d=T rrry P vgadqg g3l 9 3
"g netric SOC1I1TVAl e I-el 117D A On
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Fluctuations imprinted at the production of DM, inheriting p modulation.
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Kinetic Isocuvature Perturbation

0pDM

PDM

For (warm) DM, as DM becomes non-relativistic
1 ) 1
PDM . PDM ~

UDM —
Epv a PDM a?

Free-streaming length perturbation governed by initial p distribution

SArs 0 t a
0= T ® o |t
)\FS pDM t a; DM

a(t)
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Kinetic Isocuvature Perturbation

Setup to realize kinetic isocurvature perturbations?
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Setup

2 ¥ 4 ™ B - » e .
| -~y ~Ard1alan~dle o e et o e e e e R X ivs ~rd119 1 ~nd a2 dq ~N 1 41 v 1 1 A1
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A<\\.. CV . dUldDdtllC TTUuInper perturodtiorns — 1mnodulated Kiretic distripution

Decaying massive scalar field : ¢ ( subdominant component )

Light DM particle : y / Modulating field o controlling the decay

4 A2
Adx? x: scalar

LD 3 _
yoxx X : fermion. Y mg

167Tmy

1. —

‘ 0o — (0A,dy) — o

1/2
4mi 4

2
g,

3/2

4mi /
2

My,
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Energy density modulation

Decay yield
m (@) = 2ny (a;)

Fixed, no on

Different decay times ¢,

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

10* | Induced dp,

a/a;
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Relation between 0p and 0,
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Relation between 0p and 0,

Within our region of interest, u; = pi/my
2 1/2 B
USt; ust;
Arg >~ 1M L 1—0.071 L
o be (106860) [ . (10686C)]
ENES i}ﬁ 1+ 1.56g; /2 (1+0.27 | ) . ]
X _ J
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A Concrete Model

Massive scalar field : ¢ (zero mode), scalar DM y, modulating scalar o.
1 g%c?

Lint = 90¢X2 3 F(b = {7 me

Temperature scales : Ty, T

1/4
90 m
Taee =~ VI Mp , Tos = ( ) VmeMp , TNR =~ Tyec — X

T\r, assuming RD at 7., and 7 ...

T2 gy Mg
Px MMy Ng mxmqg,(b,?
L~ 2 X~ — ~ 3732
5 5 $ g« (myMp)
4y o (9 TaecTen VMY ey o ( Teee ) (10keV'? (10°GeV 1/4
‘ TNR mqlb/él 109 GeV TNR my
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A Concrete Model

Requirements on m,;

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

T2 Toss §°
My < deC:lGeV( s )

Mp 109GeV
T2 Tne N2, m
I f 1-loop _, 9 dec < 10—8 ( O )
n order for om w95 10keV 105GeV
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A Concrete Model

o eventually starts oscillations and dissipated at 74;5, needs suppressed

R~ 00 J,L-QQ mqeMp
o, Mp  Tais
10=6 5 97 mg Pre N ( Mo )1/2 103GeV /10787
o; 108GeV \ 10°GeV 1GeV Tais g
R, suppressed for sufficiently large 7y;s
AQ
e.g. If LD Ago|H|?, o is dissipated with a rate ~ 8—?
3 Ay \23 "
Tgis ~ 1
dis ~ 10°GeV (10—3GeV)

me > MeV for suppressing the ANeg
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Relation between 0p and 0,

Within our region of interest, u; = pi/my
2 1/2 B
USt; ust;
Arg >~ 1M L 1—0.071 L
t be (106860) [ . (106860)]
ENES i}ﬁ 1+ 1.56g; /2 | (1+0.27 | ) . ]
N | . _ :

The « k™ dependence gives overall enhancement on §, associated with
a suppressed dp,/p,. Also a Agg dependence.

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

We consider kinetic isocurvature perturbations entering the horizon with

(55895 () = 20+ )20 Py (b

Puin(k) ~ 2 x 10~%g, (Apgk)” Ps, (k).

Two representative profiles :

P(S(Al)(k) As, 6 (Ink — In ko)
P(S(f) (k) = As,
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Kinetic Isocurvature Constraints

NDI delta function

s A NDI broken power law
10 10 7
—— CMB + BAO oo
21 20 'y / .
10 {1 oy Ly-a ;
100+ 100+ y-distortion
——— p-distortion
1072 | 1072
10 6+ 10 6+
10-8F —— CMB + BAO 10-8 :=//\/ """"""
10~ 10k y—di'storti'on 10-10
——— u-distortion
10—12 [ | 1 I . 10—12 I | l I
10°* 1072 10° 107 10* 106 104 102 10° 10? 10 106
ko [Mpc™!] ko [Mpe™']
[Buckley et. al., 2025]
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Kinetic Isocurvature Constraints

NDI delta function
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Kinetic Isocurvature Constraints

NDI broken power law

10
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107 — 4 Ly-a
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Modulating Free Streaming Length
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Position Dependent Power Spectrum

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

Position dep. power spectrum P (k _ i 5 (k 2
0 ’ r - 9 TL 3
within sub volume V ( L) V. 9 ( )|

o(k,rr) = / Eré(r)W, (r—rp)e 7 = / %&@(k — q)W,(g)e™ "™
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Position Dependent Power Spectrum

Modulation in Agg
AFS (.’L‘) = j\FS + 0AFg (iL’)

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

dP,,

APy, (k, Ars (TL)) = Ars
dArs

(5,\ (T‘L)

AFS=AFS

Apm (k, /\FS (’I‘L)) = Pm (k, )\FS (’PL)) — Pm (k, 5\]_:‘5)
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Position Dependent Power Spectrum

Correlation of AP,, governed by Py

AP\’
Ppp (k, K1) = Mg (d)\FS) Ps, (Kr)

(AP, (k,\rs: K 1.)A Py, (k, Ars; K7)) = (27)36@) (K, + K Ppp(k, K1)

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

D.Y. Cheong | Kinetic Isocurvature Perturbations 24

irsa: 26050037 Page 28/30



Modulating Power Spectrum

,Y
Py (k) = Trs(k)2Pr(k) [Wi(k)|? Representative form Tks (k, Ars) = [1 + (cApsk)” ]

= 1 ' Ppp (krs, K1)
‘CS:: r f’* . ’ 2 e ].OP(S,\ (KL)
= P (krs)
oF 0.001
~ '
= I ] . y
< 6/ leg Miller Erickcek & Murgia (2019)]| O(1) fluctuations in
) f@‘ . .
= y B=24, v=—1.1 normalized correlation
A A
0.01 0.10 1 10 100
(;‘)\Fg k
Modulations in galaxy surveys, small scale observations?
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Conclusions and Discussions

® Kinetic Isocurvature Perturbations as a new class of isocurvature!

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

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

Open questions : it
} \
(“

UV complete model, optimized observables, observational test? J

|
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