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Scientific framework and aim of the project

Huterer et al. (2018)

Modern Cosmology is based on the ACDM model,
successfully constrained by a combination of
independent probes that have become standard in
cosmological analyses
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Modern Cosmology is based on the ACDM model,
successfully constrained by a combination of
independent probes that have become standard in
cosmological analyses

However, the increasing precision of these
measurements has highlighted tensions between
early- and late-Universe probes (Verde et al. 2019)

— it's important to find and explore new and
non-standard methods! (Moresco et al. 2022)
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Aim: obtain new constraints on the expansion history of the Universe using time as tracer
instead of luminosity (SNIa) or length (BAO).
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Absolute ages, clocks
Globular clusters, oldest stars
Age of the Universe, H,

' Differential ages, chronometers
= Massive and passive galaxies
= H(z)
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A new measurement of the expansion
N\ history of the Universe at z = 1.26 with
N cosmic chronometers in VANDELS
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The cosmic chronometers method
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By using cosmic chronometers it's possible to measure H(z) with no cosmological

assumptions, other than the cosmological principle and the FLRW metric.
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! : : can be traced with
dz dz ~ “chronometers”

dt
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By using cosmic chronometers it's possible to measure H(z) with no cosmological

assumptions, other than the cosmological principle and the FLRW metric.
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What are cosmic chronometers?
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What are cosmic chronometers?

« best tracers are massive and passively
evolving galaxies, which started “ticking” very

soon and in-sync
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The cosmic chronometers method
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How to measure ages?
« we want to measure dt, not t
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The cosmic chronometers method

Redshift
1 dZ . l.l'() ﬂ";} 017’) I .I‘ 3 fn :
—_ __ =N 4
[H @ =17 zE} o e f
- 3 ronmen
r 2B driven log Mo, /Mg ~ 124
What are cosmic chronometers? 3 -
« best tracers are massive and passively =
evolving galaxies, which started “ticking” very = 1}
soon and in-sync s .k
- optimal selection is fundamental to minimize "
contamination that can bias the cosmological S~
analysis lookback Time (Gyr)

Thomas et al. (2010)

How to measure ages?
- we want to measure dt, not t
- different methods available:
O  SED-fitting
O spectral features
o full-spectral fitting
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Main steps:

1. selection of a reliable sample of CC

2. robust measurements of
differential ages accounting for
systematics

3. computation of H(z) and its error
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The VANDELS survey — data release 4

VANDELS is a deep optical spectroscopic survey in the
CANDELS UDS and CDFS fields covering an area of 0.2 deg?

INSTRUMENT

TARGET
SPECTRAL RESOLUTION
SIGNAL-TO-NOISE

ANCILLARY DATA
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VIMOS spectrograph on VLT
(480 — 1000 nm)

different pop. of high-z galaxies
R ~ 580
S/N ~ 10

photometry from near-UV to mid-IR
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The VANDELS survey — data release 4

VANDELS is a deep optical spectroscopic survey in the
CANDELS UDS and CDFS fields covering an area of 0.2 deg?

INSTRUMENT

TARGET
SPECTRAL RESOLUTION
SIGNAL-TO-NOISE
ANCILLARY DATA
FIELD
CDFS

UDS
TOT
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VIMOS spectrograph on VLT
(480 — 1000 nm)

different pop. of high-z galaxies
R ~ 580
S/N ~ 10

photometry from near-UV to mid-IR

SFG PASSIVE LBG AGN | SECONDARY TOT
201 123 604 47 44 1019
216 155 655 10 32 1068
417 278 1259 57 76 2087
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VANDELS is a deep optical spectroscopic survey in the
CANDELS UDS and CDFS fields covering an area of 0.2 deg?
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VIMOS spectrograph on VLT
(480 — 1000 nm)

different pop. of high-z galaxies
R ~ 580
S/N ~ 10

photometry from near-UV to mid-IR

SFG PASSIVE LBG AGN | SECONDARY TOT
201 123 604 47 44 1019
216 155 655 10 32 1068

417 1259 57

76

2087
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Selecting an optimal sample of cosmic chronometers in VANDELS

2.2

2.0

1.8

1.6

>
o

1.2

1.01

0.8

1.4;

Elena Tomasetti

°® i
° 5 !
‘.. ,:
'.".k Pae
s ° /'/
passive d
nonZpassive e e Jf- - McLure et al. (2018)
VANDELS DR4
& parent sample
. UVJ+[OII] cut
e e CCsample
__ﬁ‘i -~ . : : :
0.50 0.75 1.00 1.25 150 1.75
V-]

galaxies already classified as
passive in VANDELS data release 4
1<Z,pe.<1.5 and accurate z

determination
L parent

sample

CosmoVerse@Lisbon 2023



Selecting an optimal sample of cosmic chronometers in VANDELS

2.2

2.0

1.8

1.6

>
o

1.2

1.01

0.8

1.4;

Elena Tomasetti

°® i
° 5 !
‘.. ,:
,o}og Pae
o0 ° /'/
passive o
nonzpassive e e i McLure et al. (2018)
VANDELS DR4
parent sample
. UVJ+[OII] cut
e € CC sample
»!\Nl"‘% :‘gf' | | ° : p : :
0.50 0.75 1.00 1.25 150 1.75
V-]

+ galaxies already classified as
passive in VANDELS data release 4

+  1<z4,..<1.5 and accurate z
determination

+ UVJ selection from McLure+2018

CosmoVerse@Lisbon 2023

| parent

1 standard



Selecting an optimal sample of cosmic chronometers in VANDELS
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Selecting an optimal sample of cosmic chronometers in VANDELS
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EW([OII]) < 5 A or SNR([OII]) < 3 A

Call H/K ratio < 1.3
(Moresco+2018, Borghi+2022a)
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Selecting an optimal sample of cosmic chronometers in VANDELS
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galaxies already classified as
passive in VANDELS data release 4
1<Z,pe.<1.5 and accurate z
determination

L parent
sample
UVJ selection from McLure+2018
1 standard
. . passive
EW([Ol]) < 5 A or SNR([OII]) <3 A
Call H/K ratio < 1.3
(Moresco+2018, Borghi+2022a)
Redshift cut (z>1.07) to
homogenize the sample
Visual inspection bona fide
T passive
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Flux [unitless]

Selecting an optimal sample of cosmic chronometers in VANDELS
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Flux [unitless]

Selecting an optimal sample of cosmic chronometers in VANDELS

+ galaxies already classified as

passive in VANDELS data release 4
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+ EW([OII]) < 5 A or SNR([OII]) < 3 A
+ Call H/Kratio < 1.3
(Moresco+2018, Borghi+2022a)
22 2 § g == 48 § g;g + Redshift cut (z>1.07) to
| e | | R L homogenize the sample
2820 3040 3260 3480 3700 3920 4140 4360 . . .
Restframe wavelength [A] + Visual Inspectlon L bona fide
passive

[ 49 cosmic chronometers ]
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Reconstructing physical properties with full-spectral-fitting

Adopting a Bayesian full-spectral-fitting method (BAGPIPES, Carnall et al. 2018) we are able to fit
spectra and/or photometry with a multi-component model and different SFHs. The main are:
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Reconstructing physical properties with full-spectral-fitting

Adopting a Bayesian full-spectral-fitting method (BAGPIPES, Carnall et al. 2018) we are able to fit
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The fit reconstructs galaxy age, metallicity, mass, dust reddening and velocity dispersion.
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The fit reconstructs galaxy age, metallicity, mass, dust reddening and velocity dispersion.
In view of cosmic chronometers, the dependence on cosmological models should
be removed in the parameter estimation process:
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Fit configuration

Baseline configuration

data spectra+photometry
SFH delayed

age 0 - 20 [Gyr]

T 0 - 1 [Gyr]
Z/Z, 0.14-1.75
Av,dust 0 - 4 [mag]
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observed spectrum

* posteriar spactrum
' & observed photometry
¢ & posteror photometry

Q
S Py
3z 1e 36 is a0 az
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Results are visually checked to flag whether the fit is not properly
converging (double peaked posterior, high x2 etc.)
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Physical parameters of CC in VANDELS | A ) '”"
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Physical parameters of CC in VANDELS

10
For 44 galaxies the fit is successful and indicates: 3
* 95% of ages lower than age of the Universe in fACDM =
. .. (@) —
« evidence of mass-downsizing > (
o -
« short SFH (t) = 0.28+0.02 Gyr © ;r
« massive galaxies (log(M/My)) = 11.21£0.05 2
* homogeneous population (Z/Z) = 0.44+0.01 |
OA.
1.0
bad fit 130
& median, logIMM-)>11.21 o . l
0a W median, log|MM, ) =11.21 11.4 " — SR —
112
a6 S o
~ 110 X
é 10.8 g ] ’ - *
2 - e - e~ Flas
., f - + x 106
L *+— — . bad fit
0.2 b 4 B 10.4 rs tan f
median, log{M/M;)>11.21
10.2 z i median, log{M/M ;) <1121
o9 1.1 1.2 13 1.4 11 1.2 1.3 14 1
Z Z

Elena Tomasetti

5

Z/Z

14

1.2}

10/

0.8

0.4

0.2

0.0

Nat ACOM (2gie = =)
ceme flak ACOM (23, p =5 11.6
- N ACDN (aue =3
Nat ACOM (Zire~2] 11 4
* Dadg it
P
[0}
a1z s
<
o m— 111.0 é
— - = =y
. d ge
- TR 10.8
_ g7 T —
" 10.¢
- - - - 10.4
1.2 13 14 1.5
Z
! «  bad
W median, log(MM;)>11.21
" median, log{MM ) =11.21
b—“: <
T g ———————
.—.‘.‘
1.1 1.2 1.3 1.4

4

CosmoVerse@Lisbon 2023



Physical parameters of CC in VANDELS
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Are our results robust?
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Are our results robust?
Changing the SFH
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Are our results robust?
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Are our results robust?

Changing the SFH
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Cosmological analysis
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Cosmological analysis: fitting the age-redshift relation

We fit the median age-z with a fACDM: 6] g,

o jz dz’ : 5

Z) = —
o0 Hoy1— Qo1 +2)3(1+2) T,
P ¢

which has 3 free parameters: Hy, Q,, g, to. 3 } +
Assumed gaussian prior on Q, , = 0.3 + 0.02 independent +
of CMB (Jimenez et al. 2019) 2

1.0 1.1 1.2 1.3 1.4 1.5

Elena Tomasetti CosmoVerse@Lisbon 2023



Cosmological analysis: fitting the age-redshift relation

We fit the median age-z with a fACDM:

o[
2 Ho T oL+ 22 (L + 2)

which has 3 free parameters: Hy, Q,, g, to.

to

Assumed gaussian prior on Q, , = 0.3 + 0.02 independent

of CMB (Jimenez et al. 2019)

{ Hy = 6771 kms 'Mpc?! }
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Cosmological analysis: fitting the age-redshift relation

We fit the median age-z with a fACDM:

() = joz dz’

—t
Hoy'1 — Qo1 +2)3(1 +2")

which has 3 free parameters: Hy, Q,, g, to.
Assumed gaussian prior on Q, , = 0.3 + 0.02 independent

of CMB (Jimenez et al. 2019)

{ Hy = 6771 kms 'Mpc?! }

Current errors are dominated by the low

number of galaxies
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higher precision requires more statistics!
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Cosmological analysis: the cosmic chronometers approach

With the cosmic chronometers method no cosmological 6] g,
model is assumed and H(z) is computed as:
1 dz 51
H(z) = — —
@ 1+zdt —
@4
P t

w
o
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Cosmological analysis: the cosmic chronometers approach

With the cosmic chronometers method no cosmological 6| g,
model is assumed and H(z) is computed as:
1 dz 51
H(z) = — —
@ 1+zdt -
. . o 34
Each couple of points gives a value for H(z), their weighted ° .
mean is the final measurement. ©
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H(z) [kms~*Mpe—1]

Cosmological analysis: the cosmic chronometers approach

With the cosmic chronometers method no cosmological
model is assumed and H(z) is computed as:

1 dz
H(z) = - —
1+zdt
Each couple of points gives a value for H(z), their weighted
mean is the final measurement.
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At redshift z ~ 1.26 we obtain:

[ H =135+ 60 (stat) kms 1Mpc™? ]
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Assessing the systematics

Two main sources of systematic effects are considered:
 binning - variation of H(z) between (111) and (011)
« SFH choice - variation of H(z) among DED and DPL results in equivalent binnings
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Assessing the systematics

Two main sources of systematic effects are considered:
 binning - variation of H(z) between (111) and (011)
« SFH choice - variation of H(z) among DED and DPL results in equivalent binnings
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Assessing the systematics

Two main sources of systematic effects are considered:
 binning - variation of H(z) between (111) and (011)
« SFH choice - variation of H(z) among DED and DPL results in equivalent binnings
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Final result

Finally, with a sample of 39 cosmic chronometers we obtain:

[ H(z = 1.26) = 135 + 65 (stat + sys) km s IMpc™?! ]
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Conclusions

v" Without assuming any cosmological model we obtain:
= 95% of ages lower than age of the Universe in fACDM, consistent with theoretical ageing
= evidence of mass-downsizing
= homogeneous population in redshift

v’ Fitting the median age-redshift relation we obtain:
Ho = 6711% kms IMpc~?!

v" With cosmic chronometers we are able to obtain a new measurement of the Hubble parameter:

H(z =~ 1.26) = 135+ 65 kms IMpc?!
exploiting for the first time the full-spectral-fitting CC method at z>1

Constraining the age of the Universe and the Hubble constant with the
oldest objects in the local Universe
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Constraining the Hubble constant with the oldest objects

Cimatti & Moresco (2023) arXiv:2302.07899
Tomasetti et al. (in prep)

H —Ajzf 1 [Q(1+2)3 + (1 —Q)]Y%d
07 ¢ o 1+z M ‘ M ‘
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Constraining the Hubble constant with the oldest objects
Cimatti & Moresco (2023) arXiv:2302.07899

Tomasetti et al. (in prep)
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Constraining the Hubble constant with the oldest objects
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Conclusions

v" Without assuming any cosmological model we obtain:
= 95% of ages lower than age of the Universe in fACDM, consistent with theoretical ageing
= evidence of mass-downsizing
= homogeneous population in redshift

v’ Fitting the median age-redshift relation we obtain:
Ho = 6711% kms IMpc~?!

v" With cosmic chronometers we are able to obtain a new measurement of the Hubble parameter:
H(z =~ 1.26) = 135+ 65 kms IMpc?!
exploiting for the first time the full-spectral-fitting CC method at z>1

Thank you!
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