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Introduction

Cold Dark Matter (CDM)

* interactions other than gravity X —) {large—scale structure [«
* collisionless damping X small-scale observations( ]

=) Small-Scale Challenges

e.g. cusp-core problem
In the central region of the halo, ,0

» CDM cusp (p x r~1)
Navarro-Frenk-White (NFW)
Ps
p(r) =

2
r T
a(”z)

e.g. rotation curves of
dwarf galaxies




Motivation

* Previous researches
velocity dispersion (Cappellari et al., 2012)
strong gravitational lensing (Treu, 2010 ; Oguri et al., 2014)

mm) the central density profiles of early-type galaxies

* Advances in observational techniques
e.g. Subaru Telescope

| possibility of proving central density distributions
of galaxies through weak gravitational lensing



Weak Gravitational Lensing

2>

’ S(< 1) surface mass density X(r) = ffooop(r)dZ

source galaxies Measuringtangential shear Yy

) anaa
____________ differential surface mass density
\ ; AX(r) = Ve X Zr
| | =3(<r) —2(r)
\ , ( X : critical surface mass density )

Individual lensing signal . :
< t00 small » stacking a large number of lens galamei




Data

‘Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP)
* galaxy shape sample
* public three-year shape galaxy catalog (Li et al., 2022)
* 36 million galaxies
* lens galaxy

* final-year photometric Luminous Red Galaxies sample (Oguri et al., 2026)
- 04<2z2<0.6
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the number of LRGs
Nirc
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Measurement
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v"we want to know

the central dark matter
distribution



Inner Profile Fitting

—- AY,
AT
AY ot

10.9 < |0g10M*,in < 11.1 E

—

SR

* Model
stellar matter (SM)

=) Hernquist
M,a 1

211 (r + a)3
dark matter (DM)
mm) cored power-law

34y T(-%)

psm(r) =

: r? +1.2\?
_pDM(T')=M* 3 ( 1+)/)A< 2 >

2m2r,3 T

] o Investigating from

observation data
without assuming a specific

~10! dark matter model



Comparison with NFW

. _ A¥pm(r)
faz(r) = AZNFw (T)

obtained from the outer fitting

M* in < 10107M 10111M < M* in 101" Mg < M, i, < 101+t Mg

consistent with NFW

11.3 < |0g10M*‘in < 115

10.9 < IoglOM Lin < 11. 1

0.01 0.1 r [Mpc/h]

001

~T0.1

lore



Comparison with simulations
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TNG-100 - |

©  Stellar onlv (Yang et al., 2024

0.2r , Stellar + IB-/II( g —— ;‘ wll

SLUGGS(Alabi etal. 2017) L4 I-H
0'0_ .. .T.hl.s.:vjlfrk Ll il ) .--.—.....—

8.0 9.0 10.0 11.0 12.0

log10(M,./ M)

e dark matter fraction

. MDM(T'<5T'e)
fDM(< Sre) - M, (r<51.)+MpMm(r<57,)

(7,: the half-light radius)

: * For 1010'7M@ < M*,in < 1011'1M@,

lower than the values predicted from
hydrodynamical simulations

' actual feedback effect
may be stronger



Constraint on Stellar-to-halo Mass Relation (SHMR)

e This work
Qb/Qm .« .
10-! 3 | Salpeter IMF | ®constraining SHMR

+ iS - 1 using only weak lensing
oty z T T :
cC = T i
5= —t—
2 | - | elarger M, than expected
s | [T | from Salpeter IMF
£ 1072 ossibility of more
5 ) Y
= bottom-heavy IMF
£ g g
= Mnrw [Me /]
17 NFW halo mass from outer fitting 10
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Conclusion https://doi.org/10.33232/001c.161580 | _' kL

v Our results from the HSC-SSP data have demonstrated that stacked weak
lensing is a viable tool for studying central density distributions of galaxies.

v' We provide new constraints on
- central dark matter profiles
- cOored distributions are favored in several mass bins
- the SHMR

* the stellar IMF
—> more bottom-heavy than Salpeter IMF
Future Work

» considering more flexible dark matter profile model

» combining the constraints with those from strong gravitational lensing |,
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10M1°Mg < M, < 10117 Mg
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L |

AY. [hM-Mpc™?]

1010°Mg < M, < 10" Mg . Photoz -
Spec- :
. bee= 3 ‘/XZ — Z (Azspec - Az:photo)z

‘ 2 2
| 1. _ OspectOphoto

Y | vFor 10113 Mg < M, < 1015Mg),
| ] x? falls outside the 95%
K | confidence interval (2.7 < x* < 19.0)

] v'For the other mass bins,
x? is within the 95% confidence
interval
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* 10.7 < logygM, in < 10.9
10.9 < log;gM,.in < 11.1
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v'stellar matter (SM) component = Hernquist (parameters M,, 7,,)
v'dark matter (DM) component s cored power-law

Y
34y F(—%) r? +1.2\2
anre?’r(—T) €

(0]

Xpm(7) :f PpM (\/7"2 +Zz) az

T
M,p(<71) = j 2mrXpy (r)dr AXpy = Zpu (L 1) —Zpy (1)
0
_ M,p(< 1)
5 _
pm (< 1) 2

mm) total mass AZ;,; = AZgy + AZpy
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log (M in[Mo]) NiLrc re [Mpc/h] A v re [Mpc/h] M, sty [Mo/h] Xm/dof

10.3-10.5 1.81 x 10° 1.4 x 1073 7.51 %" —2.5010-20 1.8705 x 1072 3.0755 x 1010 9.4/5

5-10.7 2.05 x 10° 1.4 x 1073 0.2750 ~1.511590 0.075 0 x 1072 2.575 % x 1010 10.2/5
10.7-10.9 2.23 x 10° 1.4 x 1073 2.7 —2.501 000 17103 % 102 9.0712 x 1010 11.8/5
10.9-11.1 2.08 x 10° 1.5 x 1073 19192 —2.501055 2.470% x 102 17702 x 101! 8.8/5
11.1-11.3 1.49 x 10° 1.8 x 1073 19197 —2.4610-7° 25705 x 1072 2.270-F » 1011 19.2/5
11.3-11.5 5.54 x 104 2.3 x 1073 0.2739 —1.83%0-22 1.8717 x 1072 2,793 x 1011 11.1/5
11.5-11.7 1.02 x 10* 3.3 %1073 0.2759 ~1.561925 1t}F x 1073 2.775% x 101 6.4/5
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2.0

1.9F

1.8

« [Mo/h]

= 1.7t

1.6F

1010'9M@ <M, < 1011'1M@

1200

0.04 0.06 0.08

core radius 7. [Mpc/h]

For 101%"Mge < M, < 101 Mg,

v 1. isinconsistent
with zero within 30

) cored profile

|v' Because of the

baryon feedback?

0.10
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vV AX(r) = AZypw (M) + facAZp(My) + AZon (M, M)

v’ Satellite galaxy

AX
host halo 4
NFW

v’ 2-halo term
A3 (M, My) < b(M, Mp) X &y,

Satellite

2-halo term

halo bias correlation function

24
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logyo (My,in[Mo)) Mnrw [Me/h] My, [Mg /h] 2

10.3-10.5 00 o 12 o Jsat Xout/dof
2291 x 10 517,77 x 1013 0.40+0-00

10.5-10.7 137015 1g12 705 - 4079 01 19.3/16
" —0. A4 x 10 +0.02

10.7-10.9 [ AF01 5 1013 — 0-32%¢.02 20.9/16
~—0.1 5.5_0'1 x 1013 0 27+0.02

10.9-11.1 1 801 o 112 109 <1 -0.02 19.3/16
©—-0.1 6.87)~ X 1013 0.2110-02

11.1-11.3 9 6102 o 1012 i 41 _0.02 31.4/16
—0.1 6'7_0'6 X 1013 0 21+0.02

11.3-11.5 4704 o 12 oW ©1-0.03 13.31/16
1 —0.3 117,75 X 1014 0.1410-03

11.5-11.7 - 6+13 » 1012 N +%-0.03 19.2/16
1.2 4.977 6 x 1013 0.30+0-10

: -9U_0.10 16.0/16

21



fA[(r)
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fﬂz(r)

105 < log;oM. jn < 10.7

10.3 < log M. jn < 105
ot TTTor ! oI
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ng(r)

11.3 < logy M, ;, < 115
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10.3 < logyyM, ;, < 105

0.1
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log o (M, in[Me]) fom (< 5re)
10.3-10.5 0.19797
10.5-10.7 0.5170%>
10.7-10.9 0.087"0 oza
10.9-11.1 0.035" 5 07
1.1-11.3 0.056 0 55
1.3-11.5 0.1475 23
1.5-11.7 0.5070 8
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