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sound horizon-based (A\CDM-dependent)

CMB (Planck)
67.4+0.5km/s/Mpc
Planck Collab. 2020 A&A 641 A6

CMB (WMAP + ACT)
67.6+1.1km/s/Mpc
Aiola et al. 2020 JCAP 12 047

CMB (WMAP + SPT)
68.2+ 1.1 km/s/Mpc
SPT-3G Collab. 2023 Phys. Rev. D 108 023510

Galaxy survey (DESI)
68.53 + 0.80 km/s/Mpc
DESI Collab. 2024 arXiv:2404.03002
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SN la luminosity-based (ACDM-independent)

Cepheids (SHoES/HST)
73.04 +1.04 km/s/Mpc
Riess et al. 2022 ApJL 934 L7

TRGB (CCHP/HST)
69.8 £ 0.8 (stat) £ 1.7 (syst) km/s/Mpc
Freedman et al. 2019 ApJ 882 34

TRGB (Anand et al./HST)
71.5+1.8 km/s/Mpc
Anand et al. 2022 ApJ 932 15

TRGB (CCHP/JWST)
69.85 + 1.75 (stat) £ 1.54 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153

JAGB (CCHP/JWST)

Freedman et al. 2024 aerv 2408.06153

Cepheids (CCHP/JWST)
72.05 + 1.86 (stat) £ 3.10 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153
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Riess et al. 2022 ApJL 934 L7

TRGB (CCHP/HST)
69.8 £ 0.8 (stat) £ 1.7 (syst) km/s/Mpc
Freedman et al. 2019 ApJ 882 34

TRGB (Anand et al./HST)
71.5+1.8 km/s/Mpc
Anand et al. 2022 ApJ 932 15

TRGB (CCHP/JWST)
69.85 + 1.75 (stat) £ 1.54 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153

JAGB (CCHP/JWST)

Freedman et al. 2024 aerv 2408.06153
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sound horizon-based (ACDM-dependent)

CMB (Planck)
67.4+ 0.5 km/s/Mpc
Planck Collab. 2020 A&A 641 AG

CMB (WMAP + ACT)

67.6+1.1km/s/Mpc - o
Aiola et al. 2020 JCAP 12 047 New phyglcg?

CMB (WMAP + SPT)
68.2+ 1.1 km/s/Mpc
SPT-3G Collab. 2023 Phys. Rev. D 108 023510

Galaxy survey (DESI)
68.53 + 0.80 km/s/Mpc
_DESI Collab. 2024 arXiv:2404.03002 1

SN la Iummosﬂy-based (ACDM- mdependent)

! | Cepheids (SHoES/HST)
| 73.0411.04km/s/Mpc i _ _ o —
.| Riess et al. 2022 ApJL 934 L7 L e

! | TRGB (CCHP/HST) ] o
The Hubble Tension

| 69.8+£0.8 (stat) £ 1.7 (syst) km/s/Mpc
- | Freedman et al. 2019 ApJ 882 34

53 - a - g 530
- -

/| TRGB (CCHP/JWST)

.
i

t | TRGB (Anand et al./HST)
| 71.5+ 1.8 km/s/Mpc
- | Anand et al. 2022 ApJ 932 15

.ﬂ 69.85 + 1.75 (stat) £ 1.54 (syst) km/s/Mpc

Freedman et al. 2024 arXiv:2408.06153 g gsfem aﬁc error?

- | 67.96 £ 1.85 (stat) £ 1.90 (syst) km/s/Mpc e e s e
- | Freedman et al. 2024 arXiv:2408.06153 i

| Cepheids (CCHP/JWST)

| 72.05 + 1.86 (stat) £ 3.10 (syst) km/s/Mpc |
| Freedman et al. 2024 arXiv:2408.06153

65 66 67 68 69 70 71 72 73 74 75 76
Ho [km/ s/Mpc] g

. _poama
~_-

Credlt V Poulme cerncourier.com

7


http://cerncourier.com

The Hubble Tension

. Systematic error?


http://cerncourier.com

3 T = o « 0 \ > ) v Al = Y \
Gk T e e e o P 7 o N 7 o Lo o o = .

NGe (399

ey - s




8

) PN

0

i PNB2

O PN229

PN74
o1 0

O

PN142
(8

PN4L
@)

pNANi2?
00

PN70



| [Oll)5007

=
P
% :
() Y .
- =7 Ace 8 ama TR B W P B R s A ROty Ao B Lo tosda s oo s o ) S 4 Ao B Lo posna o — O ’
: ~ - k ) - _ ~ - ~ - -
v : S T “

'ﬂ‘f{L‘;;ﬂig‘:.“-u.. By S ) AN : ’ Fis: IR ‘ X
A NG T o IS B e f oy o Sl RNt X5 S eh o
P A R O e B TR P I o (e e NSO - AR P Rt |
Loty ;.:.e;“h’]ﬁg’.‘ b o e e e e S A e S NS Vg » » (- A S,

PSS sl K2 . o & 3 )
¥ 4 : : - X
1 1 . - ) . ]
. AT - LOPNes = \ %
cirhyr eSO AR T s iy PN200 Sy
Doy B AD! e waes L% Ty R PN o IR 4 1 €
: o AT naenr 0 o

>3 ';:,-'4_'.:._ -~ ‘. o - n;"‘:,'",‘, Q:..(-‘O PNLIS &7 TR A el
A A P YR ERTOL A P22 R ’g” A4 2%
(i - ..' j‘ 2 . 0‘ O W - O' o ‘_' g . C\.I:L:: -. ! . . - "
o PN156 PN IS0 PN153N170 () !

PNIOD 'G" :
19PN TR iy PN26 : AL
ng F’hcl)‘?n.é.q Py EilLaS PNIPNGS PN131 P‘.‘.@“&‘Q«‘D" 0'0 ” s RO

O - 9.0 BT |

W™ Phigh, © N AIE L
AN19S ¥, 211
%) ‘?6.:‘5?%%0 ;~*‘$@HAO 3T JEY ‘ >
+ o0 \iBN4a. . PHER T - St T
p""'&"ﬂﬂ 3.0 o Q eSS . Bisen G PNOB
\ PN2 i ~ P08 T PNII TS a2 S RAN
Keita 'd“mq?.‘ am o‘5 O . %ﬁ Qo paffiAS) SRR TN

o PNES
O PN2 i : .
p%gq"‘“ g e s 0 " PN2EONGS 5 Y &
0" " o iphnio: 10 O RS ¢

PN212

p-‘:la_z .¢ O ';:‘é;; ‘ Y 0.‘ \‘ .
PN22S o, X0 TNy 55 2 Nal OF PPN Y .

PN 142 pNii 32/ © PN :‘QQA‘.‘ e 8 : GDL g P..’i?;‘,‘ o o 0
vtz . P08 » S A T |

PN206 PN9S 3 g "’%:7 Q PNE .0, U et

o &

N0 IR SO e A S b O A L PN

AT 7 N S e N R Nt . N e DS 1
A '_j’§'c“-f." S '?“’o-"’;-ny, ; e T PNADT A AR
PRI TR e N T
@ AT - R ‘ e SR okt PNZE " A
PNBES v e S PRAGES - TSI S0 A e
e . it s X ‘Q,;‘.. . Kt s T NG = 9.' ‘.“(' '.“.‘. Ce,
&4 7 AL o R S R Al A o



.
.
[ &

" oo e a1 > Lo e — 2 Prs .. Lo o e
4 %
>~ . z4
i
&
U e
h -l
R 2ol ek ; A S & : . g

,.‘ P e . - - . '

AP = A R e R Dy o L SR oA QE Tt e S S Pt G Y, C SR ~ 7L e .
VSEpN T R R e T Ao e T LSy S A R R AN R |
~-."::; -’@., ; . o\ N . '. I ??‘3 3 \ .;; T AT : F?‘;j’? . M :

R e Al DY AR PNTE.: 2 PNE NI

. 34 oA . o l;“‘::‘.v‘. Q:,.(_‘O :F!\’46: -' >O" - A
AP AR L ERTOL PR i A 52
ICRGE s | O + 00 '0 o R - 5 LT B S R el

A PN156 "‘a .’".‘_53\."_,»‘_; ) ’ ’
PNIOD R 0 oni 150 - O Q,u.r}c, A X
pnGy PN19PNZES O PR ) OPN26 : FH2 %
9 N2 B 145 PN NGS NidL pad Nl " P - ; 0 i
0 0. 0 ISlERORs o1 PP @ T Iugrnsn /g
i F boo pay 00 vf’%ﬁ """nﬂ? %] s PNIDS. ‘e Mot Maee v
Fll“éqs 167 :.‘JPNI&DO' A ‘:*‘\. q - O V ?0&‘\“7 % !!D O O v : » j + ‘ or -ni‘ :
Ay 79 O 'ﬁn .03 pu A A e S VT
b O S TRN49 P c";‘ : \ - : O . R St !
PN X ."‘O“mr&d}? - PNS O fely ) ";m“.i:’bmq 3 ?P‘eclf - L
i N201 O O \ A (0 g ] : i e

> QNG

e e L e S 2 e s TSR S PNIPNL07 o

<1 N3O O AN "y
) 5 Q-- . O 00 I S e R (1
PR IO B4 17 P 104 O e
PNi21 PNRMIES P b1 NS bp o] : PNy .
135 b ’ NE .
;‘refl%ﬂi')fgn PN226 %0 q.;; e - '&4
r.Q QT!!ﬁ PN2Y 00'1 R PA‘Z(‘ Pl 3¢ PN!?B"_ s N 8
p‘__.}sowo PNSO Q o) PN214 Vel s, ‘
won 0 PNGS
PN212 Q o PAllod
U.'..‘O Pr ‘bwq“ >
N1BY

' P it w 5 Sy |
-t ! (8] x i

pn e PNILY "=y T 3
O

22, ' PNE @, BEaes
o} 0 VA 9 A

9
»
-
o
g
.

;R"o; .A ‘ -J..‘ A "‘ &% . O - e . , ‘, : '. 2 pﬂ‘?-?j .\‘\‘
) : D\'G“. . y.,g) Zoanady ﬂ.‘ibly‘_.“s“’~: - A TopNIBT - 5 . 0 @ ‘:

\ P w s o Sk Q = paa - ; G‘E‘I". i o8 '

: '89: R o« 11 A s Sy A i L WOt |

= . .
. ! 5 e h % 4 XS be s NN S e My » a0 Syl « Pa Ay B
. % Ly i y -~ - ‘ > - » PO~ e e AT A ‘0 » b = 3 ~
P o o 2 Eing Lt SO T ~ “ s > - <l - _ e - - - ) N
- g i - A G ST ) g B =7 - e . ) =~
— P S PP R R e S O B B T O o e a: — N OB e S oe. o loan o o



, \

L msggr = — 2.5 log Fsyy — 13.74(Jacoby 1989)
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PNLF-Ho target selection
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NGC1404
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Credit: Soemitro et al. (2025)
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NGC1404 * sMILES (Knowles+ 2023)

* MILES (Vazdekis+ 2015)
* Walcher (Walcher+ 2009)
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NGC1404 * sMILES (Knowles+ 2023)

* MILES (Vazdekis+ 2015)
* Walcher (Walcher+ 2009)
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NGC 1052
NGC 1351
NGC 1380
NGC 1399
NGC 1404
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Ageops [Gyr]

42



Observation

0.3

0.24

0.1-

E‘ 1
I 0.0

-

=
—0.2-

* - _0.1'

—0.3 -
~0.05 0.00 0.5 0.0 0.5 0.20
[M/H]inner - [M/H]outer

1 0 1 2
Ageinner — Ageouter [Gyr]




Observation

0.3

0.24

0.1-

E‘ 1
| 0.0

-

* - _0.1'
> |

—0.2 -

—0.3 -
~0.05 0.00 0.5 0.0 0.5 0.20
[M/H]inner - [M/H]outer

PNe In Cosmological Simulations
(PICS, Valenzuela et al. 2025) |

1 0 1 2
Ageinner — Ageouter [Gyr]




Observation Simulation
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Algo in Soemitro et al. (2025):
PN progenitor populations from o
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PN progenitor populations from o



