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Outline

We know the gross picture of the cosmic history but the
microphysics/origins remain unknown.

1) Initial conditions of Big Bang
cosmology and inflation

2) Structure formation
and dark matter

3) Accelerated expansion
and dark energy




Cosmic inflation

¢
. . | tential .
Gravity + ¢ (inflaton)  energy density > massless (from Diff)

gws

Massless fields during inflation  ~ de Sitter sp. w/time trans. sym.

d{¢;)yldInk ~ k°Py(k) = A, ~ const approx. scale inv. n, ~ 1

Deviation from de Sitter

1) Deviation from exact scale-invariance (Harrison-Zeldvich)
Time trans. sym — scale inv. ng = 1 ~80 exclusion (PLANCK 18)

2) Non-zero tensor to scalar r=Ag,/A

¢ ~ time clock = becomes ill-defined w/time trans. sym.



see Aktto’s talk

(n,, r) plot: Deviations from dS

Balkenhol et al. (26)
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Scalar spectral index ng

1) Deviation from exact scale inv. ng—1~—06e+2n

-n,— 1 < 0 (Red-tilt spec.) = nv =« Vpp <0 (Concave)
+ non-detection of r
-1 < 0.034,(95%) ng = 0.9682 + 0.0032 (68%)

N.B. - via N,, it also depends on microphysics e.g., during reheating.
- correlation w/Qm Ferreira et al.(25) 250712459



Non Gaussianity

- Non-linear interactions generate (intrinsic) higher point fns.

- Different interactions can generate different configurations

® pi-spectrum templates

Local Equilateral Orthogonal
A
k1 k2 /%\(2
v
v K3 “— and so on...
3
# of light species Derivative forms
local = _ 0.1 4+5.0 fag = 6£46 =82

Jung et al (PLANCK DR#4, 2504.00884)



Lyth bound and distance conjecture

Lyth bound Lyth (96)

T/S ratio r is related to the change of field value ¢ (deviation from dS)
Ag¢ r AN
M~V 0.002 " 60

Simons Observatory (SO) o(r) ~ 103 see Akitd's talk

SO can tell the amount of excursion, e.0, A¢ > Mpl or A¢ < Mpl (under extra assumptions)

Swampland and Distance conjecture

A
Energy Qu‘un_mm Gravity Ooguri—(/af a(06)
rin, eory

for A¢ > M, , a tower of state is conjectured
to become exponentially light.

— potentially limiting low-energy EFT

figure from Beest et al. (2])



Cosmological colliders

Heavy particles —» Imprints —p Detector

Collision of particles Resonance-like structure in
collider signals

70

. |

pp-h
my=125 GeV

Collider e
experiment *3::;
eg. LHC (~103GeV) og. ATLAS
Heavy particles during inflation Statistical properties of _
(~1013GeV) primordial perturbations Cosmologlcal observables
o . e.g. Deviation from Gaussian
nflation “
oy Prob(®)
CosmOIOQy /I\
Quantum ‘
Fluctuations _;:._~__,
>

P
Statistical properties of primordial map — New probe of HEP beyond accelerator exp.




Particle creation during inflation

N
©

binned reconstruction of PPS (68%CL)

Nerval, tHlozek, Jense, Bond (26&)

N
o

3 —— Standard Power Law, ACDM |
Q\\\ Particle Burst

N,
~INE e
\\‘ Linear
D

multipole, £ ;v“‘z""
2 5‘0 SQO 15‘00 25'00 | 4000 = 2]
71 —— P-ACT-LB ACDM t  P-ACT sl
61 Planck }  P-ACT-LB - '
o ACT P-ACT-LBor: 3%
o gOOO
X k [Mpc~]
z | ||J Models
§ o3 \
] t . .
s | »L 1) General oscillation
Ny +
21 b S o | | - : :
h W“”‘“‘“‘”““‘“‘"’”“'?‘“’M%*H — e.g.,Axion monodromy inflation
{ 2) Burst particle production
104 102 107! 2x1071 4x10°1
< 1.9 H l
&l ‘#‘*\L by HH | HL Marginal improvements in fits yet, but no
© 1T et i ginal mp yet, but
* 18 HH — clear preference over ACDM in Bayesian
r AT R AT evidence.



Imprint of heavy particles on non-Gaussianity

ks ko ki  reheating

during inflation

—M/T AW s
__________________________________________ P N e MIT(T ) ey e P (k)P (k)

mas_ﬁ_/_\{,__g_p@p__\_s_ ___________________ K1~axiHx: ArkRani-Hamed § Maldacena (15)

ki/ks, ki/ke << 1 . maSS : ]
(oscillation dueto ~ spin P (k) :power spectrum

interference)

Need to combine all possible data

1) Cosmic microwave background <6TOTOT>

PLANCK1E, Bartolo et al. (17#), Franclolint et al. (18),
Bordin § Cabass (19), Sohw et al. (23, 24)

2) Galaxy number count <én 6n 6n>
Moradinezhad et al (181 ,182),....

3) Two point galaxy statistics
spin s=0 = <bn &6n>  malal (07),.....
Spin S=2 = <y V> Schwmidt et al (15, 1&), Kogai,...., Y, U,.(18),....
sSpin s>4 = <Y V> yidthmom.  Kogai,...., Y, U, (21)
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and dark matter

3) Accelerated expansion

and dark energy



Dark matter

We need either of 1) To go beyond

standard model

Talks bg sLatger,
Kazama, lrastorza,
Hildebrandt

tension e.g., w/ *, Pl St
Bullet cluster

Clowe et al. (0&) Field

Theory

WIMPzilla

3) To modify map of the &
primordial Universe

Bertone § Tait (18)



1) BSM
Cosmic birefringence as probe of ALP DM

linear polarization

circular polarization

— ™ o=y |
Aj: w:l: S ==
g T
A AN
linear polarization __ | E <

. Ya RITY
CS coupling f¢FMVF“

Harari & Sikivie (1992)

Ja i (
AHCZ: 7'7 [¢(tobsa wobs) o ¢(tem7 xem)}

AC effects source effects

w/m > 1

(geometrical optics approx)



Birefringence as probe of ALP DM

BSM

E(n,ty)

Ay

AC effects

Polarized Pulsar Array

Oscillation period, T' = 27 /m,
D years 1 year

10795

10-10

1 month

ionFR
spinifex

—:—- Linear fitting

N

~i

mq [eV]

MeerKAT  Yuwen et al. (26)

Source effects
(Wash-out)

CMB

’* Pobs.(fo) = 0

log 19[m/(2m)] [H7]

10_8 Fl ‘ 1°
[| === Washout (Fedderke+)
[| = = =Washout (CV)
F| = = = SNI1987A
g || === CAST
10~ F| ..+ Lya minimum my,
| —— Keck 2012 (this work)
[ —— Keck 2012 smoothed

P L L PRI |
10° 10° 107
m¢ [eV]

10 10

BICEP/Keck collaboration(20)



Mitigation of calibration errors

Credit; Minami and Komatsu

Polarisation-sensitive
detectors on the focal plane

b

rotated by an angle “a”
(but we do not know it)

We could only measure the sum a + Qmis

Use the polarized dust emission within milky way as a calibrator,
since the miscalibration (amis) rotates both CMB and foreground but a only

affects CMB.
— A= 035 + 01 4 deg (68%C|_) Minami & Komatsu (20) # citation > 500

Planck DR4 + ACT DR6 a=0.277 £ 0.057  Eskitc(26)

For an interpretation of this, see e.g., WNamikawa Murai, Naokawa (25)  lighter than ALP DM



1) BSM
Axion/ALP and (small-scale) structure formation

Axion dark matter Tracy Slatyer's talk

- PQ sym broken already during inflation wpicaly f, > H,

Isocurvature restricts Hy ¢ poicaly H, . < 10’GeV

- PQ sym broken after inflation tpicaly fo < Hiy T
Axion mini-cluster formation =

strong lensing, pulsar,....
Kolb&T kacev(95), Fairbairn et al.(17), Dai& Miralda—E scude(19)

Fuzzy DM (ALP w/m_, ~ 10~%*%¢V)

i 27 10~ eV /250kms™!
de Broglie wavelength a= == = 04sipe (=) (== ) e.9., dalal et al. (2020)

vaguero, Redondo, Stadler (1)

Yet, tension w/Lyman a, dwarf galaxies,... for Qmyn/Q,, ~ 1
m_ >3 x107"eV(99 % CL) palal and Kravtsov (2022)



Something more eccentric

one of two origins of PBH  ®Blaw, quendelman, and quth (1987)
A

V(g) =7 [

small region external observer

— eternal inflation / N / recognises it as BH
qarriga, Vilenkin, Zhang (16)

> ¢
Most regions
In Universe

"~ Jinflation
(baby universe)

Numerical simulation can follow
the dynamical BH formation.

Saha, Tada, Y.W.(26), Saha, Sasakt, Y.U. (in prep)

simulation during inflation

caravano et al. (24, 25, 26), Flguweroa et al. (25),.....




Outline
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DESI as a trigger of theoretical studies

dark energy spectroscopic instrument (DESI)
PR2 (2026)

= = DESI (BAO)+CMB

I DESI (BAO+Lya FS)
+CMB

N +CMB+DES-Dovekie

Wo

Slightly reduced but persistent
preference for dynamical DE.

citation of DR1(Apr. 2024) > 2,200

- Beyond CPL : parametrization dep. and
reconstruction of DE evolution

w(a) = wy+ o, (1l —a)

- Theoretical consistency and stability
of phantom crossing.

- The fluctuation of dark energy

(if it were to be dynamical)

see Masamune’s talk



Constraints on fundamental constants

[S]

Atomic clocks

Quasar absorption
spectra
Emission spectra

|

Pop III stars

Izlcm

"\ CMB

_____————————______
- -
- ~

BBN

[Uzan 2410.07281]

- If DESI is true, it might motivate light
dilaton phenomenology more seriously.

I (@) = Apm®

e.g9., C.Burgess (2025)

(l =e,p, )

fifth force problem needs to
be addressed together

relaxes Hubble tension?

Sekiguchi § Takahashi (2020)



Outlook

It’s an exciting epoch to explore microphysics/origing, going

beyond the gross picture of the cosmic history.
CMB, Galaxies, DM halos,...

vigh)

dark matter lab searches, CP violation,
neutrinos, atomic experiment....

other topics Matter-antimatter asym, reheating, Neutrinos,...

multi-band GW exp. Masamune’s talk
Marica’s talk

Progress requires connecting cosmological observations with
laboratory tests and theoretical consistency.




Supplement



Distance conjecture slide from Y. Hamada (KEK)

[Ooguri-Vafa ’'06]

The Lagrangian of the massless scalar field is
1
Z = 5’7”1/81](0,4471)(61/45J)

g;; Is called field space metric. The field space distance is defined

¢,
from g;;. (distance from ¢, to ¢, with path A) = J ds, ds*= g, dp'de’
Statement: At large distance A¢ — oo (fixed M), the
exponentially light tower of state appears.
M, .. ~nMpe for A¢gp - o0, n=1,2,-

where a is O(1) positive number.



Typical spectrum during inflation

slide from Y. Hamada (KEK)

Mass scale Beginning of inflation (A¢ = 0). A Mass scale

Mass of other particles (KK states, stringy states, ...)

Hubble scale H, a ~ e

~&— Hubble scale H, a ~ e’’’ If Ap > Mp

-&= Mass of other particles (KK states, stringy states, ...)

-

Dynamics of inflation drastically changes
Inflaton mass ~g=Inflaton mass




Imprint of heavy particles on non-Gaussianity

ks ko ki  reheating

during inflation

k‘l A A A
~ —M/Tu| = ck2)S
oM ) ks Ko P (VP (k)
mass M, spin S~ L/ o Arkani-Hamed § Maldacena (15)
Mmass

-------------------------------------- K1~ak1Hxk1
ki/ks, Ki/ko << 1 :
(' (oscillation due to  SPIN
| interference) 'DOWEr spectrum
CFT input Pk):p P

1) Boltzmann suppression
Higuchi bound M2 > s(s-1) H?

global rotation
Bordin et al. (18) Kehagias § Riotto (17)

2) Dilution of massive fields

Large coupling tends to make 1) more severe.

wang § Xiawgu(@, 20)



Difficulty

Sohwn et al. (24)

strong correlation (+1) or anti-correlation (-1)

Scalar-L: Scalar exchange, low mass
Scalar-I,II: Scalar exchange I, II
Spin-3: Heavy-spin exchange (s = 3)
Spin-2: Massive spin-2 exchange
EC: Equilateral collider

LSC: Low-speed collider

MS: Multi-sound-speed

Local
Equil - 029
Ortho
Scalar-L
Scalar-I
Scalar-II - -0.13
Spin-3 - 041 -
Spin-2 - 036

EC - 023 -

0.41

0.41

> N O Y DNNSS S v O0 O S
S P A SR S
R & R K ¢

Different patters of PNG are correlated.



Models

Nevrval, Hlozek, Jense, Bond (2606.28310)

1) General oscillation R — st rover o Ao |
SR Linear
2.6 AN

_ N \ Log

k Ns 1 < SR o -==: Log rf
Pr(k) = A, (-) [1 + 5PX] 24 |
k. o s
L N

SPX = Ax COS(wXEX + 27T¢X) 561 e N

Sy
£0.02]
Wlth =x = {k/k*a ll"l(k/k*)v ln(k/k*)(l + Oy f hl(k/k*))} Z&;OOO jv,z"_\;:z;\il'?i,:"‘\ ',"";;':‘ELQ,"J". l{;’“\"’,‘jf";“;l‘hﬁ“,’ﬂigv
= VARV R VRV AV TRV IR @ AW/ 4
g LN VYUY W Y VU T
X == {H.n, 1()g7 log rf} 10 1(;(3[Mpc_:1l(]) 2 101

iIncluding  Axion monodromy inflation = X=log rf  silverstein g westphal (0=)

V= pulh,+ A*cos(¢,/2xf,)

2) Burst particle production s = % (s —a)* - (6 — 6.)sex* - £soy* Nea

ns—1
Pr(k) = As(kﬁ) + AIZ (“?mﬁf( ) +A; Z < o ) 0 Bremss

() (sin(x;) — SinIntegral(z,j))Q Folws) = —2a; cos(2x;) + (1 — 2?) sin(2a;) Ba rwabﬂ (10)’ Pea rce t aL‘ (17_)
J1lxi) = ’I‘: Lg) = 1’?

8
S

11l
o



Results

Nerval, tHlozek, Jense, Bond (2606.28310)

1) General oscillation

L:Lensing, B:BAO
Planck ACT — P-ACT —— P-ACT-LB
—— Planck 2018 BF ---- Peng and Piao (2025) 95% UL ---- P-ACT-LB 95% UL
2 | b Parameter | Planck | ACT | P-ACT | P-ACT-LB
(1) 1 ] :
e i P Apin <0.023 | <0.033 | <0.017 | <0.021
£ | bl Alog <0.032 | <0.040 | <0.027 | <0.022
£ E \ i Alog vf < 0.034 | <0.040 | <0.027 < 0.023
S ; ! N NN
a NSt t . - | ~ —
i = i | : =
0.01 0.02 0.03 0.015 0.030 0.015 0.030 ~ 20/0 bound
A|.n Alog Alogd
Linear Log Log rf
Parameter | Planck ACT P-ACT P-ACT-LB ‘ Planck ACT P-ACT P-ACT-LB ‘ Planck ACT P-ACT P-ACT-LB
log(loloAs) 3.06 3.06 3.05 3.06 3.05 3.05 3.06 3.07 3.05 3.06 3.05 3.06
N 0.965 0.965 0.970 0.975 0.964 0.968 0.971 0.977 0.964 0.968 0.971 0.976
103Ax 11.7 9.57 7.91 7.93 8.99 13.7 5.55 8.18 10.7 11.9 9.03 6.96
log o (wx) 1.06 0972  1.08 1.08 0.994  1.25 1.05 1.06 1.01 1.29 1.05 1.05
bx 0.447 0.394 0.439 0.510 0.436 0.505 0.681 0.643 0.486 0.459 0.577 0.540
Qyf - - - - - - - - 0.0278 -0.0733  0.0274 0.0506
AXZ —8.93 —3.55 —4.68 -5.53 —6.49 —5.26 —6.15 -7.18 —4.98 —6.83 —7.69 -8.70
InB —2.60 —2.94 —2.97 —3.84 —2.71 —2.91 —2.81 —3.49 —2.73 —2.95 —2.88 —3.58

Table 3: MAP values for the general oscillation models as well as Ax? and In B relative to
ACDM. Negative Ax? indicates an improved fit and negative In B indicates a preference for
ACDM. The Ay? values are computed using the MAP values, whereas the In B values are
computed using the evidence value from pocoMC.

Marginal improvements in fits yet, but Baysian evidence showed a moderate preference for ACDM.



Results

Nerval, Hlozek, Jense, Bond (2606.28310)

2) Burst particle production

B P-ACT Multiburst

—— P-ACT Multiburst

. P-ACT Multiburst, logye(ky) s = 1.65 = P-ACT 1 Burst
P-ACT Multiburst. logio (ki) = —1.65 P-ACT 2 Bursts
posterior L
log(102A,)
2.5]
<15
‘ o 2 4 ° -4 —‘J -2 =k 05 10 15 20 23 =3 =2 =3
log(1024,) logyo (k1) log1g (k1)
Multiburst
Parameter | P-ACT P-ACT-LB | 1 Burst | 2 Bursts | log;g(kr) > —1.65 | log;o(kr) < —1.65
log(10%9 4y) 3.05 3.05 3.05 3.05 3.04 3.03
N 0.971 0.973 0.970 0.974 0.967 0.970
log(10'24;) 2.10 1.56 1.80 2.70 3.04 3.80
logyo(k1) -1.08 -1.29 -3.00 -2.37 -1.23 -2.77
A 0.890 0.785 - 0.737 0.629 0.876
Ax? —1.35 —0.12 —0.50 —2.90 —3.55 —1.40
InB —0.08 —0.23 0.03 —0.05 0.30 —0.40

Figure 14: Showing the changes in parameter constraints for the different k-range priors
and the number of bursts. Left: 1D and 2D posterior distributions using P-ACT for the
multiburst particle model for the full k-range (indigo), logo(k1) < —1.65 (light green) and
logig(k1) > —1.65 (pink). Right: 1D posterior distributions using P-ACT for the particle
model for 1 burst (maroon), 2 bursts (yellow), and 10 bursts (indigo) for the amplitude and
initial burst position.

Table 4: Combined MAP values for the particle burst model from the Cobaya minimizer,
including the P-ACT-LB dataset. Ayx? and In B are relative to ACDM. The Ax? values are
computed using the MAP values, whereas the In B values are computed using the evidence
value from pocoMC. Negative Ax? indicates an improved fit and negative In B indicates a
preference for ACDM.

Marginal improvements in fits yet, but Baysian evidence is inconclusive.



Non-linear matter PS

Nevrval, Hlozek, Jense, Bond (2606.28310)
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Figure 18: Comparison of the linear and non-linear matter power spectra computed using
the accuracy settings for CAMB shown described in Appendix A of C25. We use the IR
resummation corrections to the non-linear power spectrum outlined in Eq. C.1 and Ref. [44].
The bottom panel displays the ratio of oscillatory and baseline ACDM power spectra.



(n oo I ) plOt Balkenhol et af. (26)

251210613
0.10
B Planck+BK
g —— Planck+BK+SDSS
o 0.08}F Bl SPA+BK
= é ~—— SPA+BK+DESI
S X V(¢)O(¢n7n:172/371/3
= 0.06F (47 <N, < 57)
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Ferreira et al.(25) 250712459
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FIG. 1. Comparison of CMB data sets: Constraints from ACT and Planck. Overlaid are constraints on BAO parameters from
DESI DR2 (grey bands). Pink shaded bands show the spectral index ny = 1 — 2/N.,, as predicted by the Starobinsky, Higgs,
and exponential a-attractor models, for N, = 50 — 60.
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CMB constraints from PLANCK (Massless)

Bordin § Cabasse(18)

Massless particle exchange Massless particle exchange
106 . r 1010 T T
— EX,s=0 EX, s=2 — EX,s=4 — EX,s=0 EX, s=2 — EX,s=4
—— fit,s=0 fit, s =2 ——- fit, s =14 e fit, s=0 fit, s=2  ---- fit, s=4
10° | 1
108 L
101 F~ 107 ¢
= —~ 108
K103 Py G
e} © 105t
10% 10* ¢ .
10° ¢ 1
10t F el
107
10° : ; 10! L :
10 100 1000 3500 10 100 1000 3500
glll‘dX gmax

Up to which (small) angle?

s=2, 4 are not compatible with Higuchi bound (dS).



CMB constraints from PLANCK (Massive)

Bordin § Cabasse(18)

Massive particle exchange (A = 1)

— EX,;s=0 EX,s=2 —— EX,s=4 ]

—— fit, s =0 fit, s =2 —— fit,s=4 |

10 100 1000 3500

Emax

Marginally satisfies Higuchi bound (dS).



Birefringence on CMB: Washout effect

Fedderke et al. (19)

Washout (@LSS) * not actual time variation

visibility fn. has thickness of Az~ 200

Last scattering occurs in ~10% yrs
Al

7 ~

dobs.(to) = 0 >> Tg ~ 0.1 yrs (10-217eV/m)

Net amplitude at LSS is smeared



Birefringence on CMB

Fedderke et al. (19)

Inhomogeneous patches AG = 7D [ (tos, The) — D(teom, 7o)

2
(k/a >> m)
Last scattering occurs in ~10% yrs

>> T¢ ~ 0.1 yrs (10-217eV/m)

For [f(t)] << 1 with f(t) = g4, ¢0 cos(mt + )

(¢ 2 > RS €5

AC effect  Washout effect
Oscillation at olbserver Smearing




CMB birefringence
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FIG. 4: Timeline of cosmic birefringence measurements
in WMAP, ACT and Planck. The upper panel shows
measurements, and the lower shows the significances.
The black rings indicate if a foreground E'B model was
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If this signal were to be real,......

the preferred mass range of ALP is.... Narmikawa, Murai, Naokawa (25)

— log,ymyleV] = —27.822, Agg =1

64 2.0 —— log,ymyleV] = —26.846, Agp =1
—— log,ymyleV] = =33, Agg = 0.36/0.30
1.5 === Constant rotation with 3 = 0.36 deg
"\‘K Observed
4 =
: 3
= Q B &
g X
< 2 0
= Q =
=

200 400 600 800 1000 1200 1400
14

-929.0 _985 980 975 970 —926.5 FIG. 3. Comparison of theoretical EB power spectra for
logw mg [eV] different ALP masses and amplitudes: py = —27.822, Agg =

1 (blue solid), pg = —26.846, Agg = 1 (orange solid), and

e = —33, Ags = 0.36/0.3 (green solid). For reference, the

FIG. 2. Same as Fig. 1, but shown in the spectrum from a constant rotation angle 8 = 0.36 deg is shown

B o o . . as a black dashed line. The black points represent the stacked,
logome [eV] In |g¢{m/2’ plane, Wher_e g¢1n1/2 18 'eXpl"eS.SGd m foreground-subtracted EB power spectrum derived from the
degrees. The two-dimensional posterior is visualized with 1o data using the best-fit foreground model.

(cyan) and 2o (blue) contours.

* In this regime, the washout is not significantly important.



Bias of galaxies, halos etc...

Dark matter

Astrophysical objects

. Pm — Pm
[ Energy density ~ 0m = o }“ [(Galaxy)number density 4§,

_n—-n
n

Formation of astrophysical objects are affected by the potential well of gravity.
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Blue: DM energy density

galaxy, halo etc... number counts are not independent of DM energy density

e.g., For initial Gaussian case

5n(z) = b 61 ()

bgo) : bias parameter



W/ (local) PNG

In the presence of local-type non-Gaussianity
eg. Squeezed bispectrum

(Correlation between short and long modes)

For Gaussian

LongInode

A

Short mode

W/ Local PNG

LongInode

|
v

Short mode
g ~ Pa s + 2/ Pe1Pas Py(ks;x) = [1 + 4\ Pa,L(z)] Po (ks)




Scale dependent bias

Gaussian at the onset of structure formation W/ (Local) PNG
(Initial)

Further less galaxies

EA Less galaxies A EA * * e A
g Ay Ix =0 B * o
(Rl 1| —
2 I 2| ol

2 o i Position |2 [0 ‘ Position
6 More galaxies Js ) 6 oL )

Further more galaxies

| da(e) = b8 () + Y Wﬁf%(wﬂ ]

Size of local PNG




Detailled shapes of galaxies

Galaxy shapes (n-th moment)

ein - (.ZU, y)

n =2

Quadrupole

n=3
Octuple

n=4
Hexadecapole

Current observations target this.

Mathematically, we can characterize the galaxy shapes in more detail.

Decomposition



3) Non-standard |1C

Impact of non-Gaussian tail on halo mass function

aussian
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HMFNG/HMFGaus
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o o

o
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Primordial Potential (®)

... and scale dependent bias, cold/hot spots in CMB, and so on

PDF ~ (A exp{—C®N } if Il > a0,
B exp{= @202 3 if 101 < ao. Coulton, Phileox, Villaescus-Navarro (24)
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...oyet g =-58+65x10" (PLANCK18), so excluded 200



Theoretical implications of phantom crossing

1
gd) = P(gb,X) X=- Egﬂydﬂqb aygb Vikman (04)

Background
py+py=2XPy  phantom crossing fromw < —1ltow > -1
= from Py <0toPy >0

L inear Perturbation

1 P
S? = EJ'dt d’x a® | Ké¢p* — —’f(ai5¢)2 4o K=Py+2XPyy c2=_7
a

For K > 0, ¢? <0 so gradient instability

For K < 0, ghost wl k
(b) :

wDE

No-Go and way-out in a more complex model

Tsujikawa (25)




Modified gravity and dark matter

56
56

57
57

-5558'
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FiG. 1.— Shown above in the top panel is a color image from the Magellan images of the merging cluster 1E0657—558, with the white
bar indicating 200 kpc at the distance of the cluster. In the bottom panel is a 500 ks Chandra image of the cluster. Shown in green contours
in both panels are the weak lensing k reconstruction with the outer contour level at k = 0.16 and increasing in steps of 0.07. The white
contours show the errors on the positions of the k peaks and correspond to 68.3%, 95.5%, and 99.7% confidence levels. The blue +s show
the location of the centers used to measure the masses of the plasma clouds in Table 2.

The mass distribution inferred from gravitational lensing is offset
from the hot gas, which dominates the observed baryonic mass.

Clowe et al. (0o)

see also  Famaey(2e)



