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→  Astrophysical objects whose age -and redshift- can 
be measured at different moments in cosmic history
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→ Our aim was…

Cosmic Chronometers

Deriving ages through the methodology 
employed by Borghi et al. 2022a 
(Lick index fitting)



Cosmic Chronometers

𝑯 𝒛 = 𝑯𝟎෍

𝒊=𝟎

𝒌

𝓗𝟎
𝒊 ⋅ 𝒚𝒊 + 𝓞 𝒚𝒌+𝟏

𝒚 =
𝒛

𝟏+𝒛
           𝓗𝟎

𝟎 = 𝟏          𝓗𝟎
𝟏 = 𝟏 + 𝒒𝟎          𝓗𝟎

𝟐 = 𝟏 +
𝒋𝟎

𝟐
+ 𝒒𝟎 −

𝒒𝟎
𝟐

𝟐

 
𝒕 𝒛 = 𝒕𝟎 −න

𝟎

𝒛 𝟏

𝟏 + 𝒛′
𝐝𝒛′

𝑯(𝒛′)



Cosmic Chronometers

𝑯 𝒛 = 𝑯𝟎෍

𝒊=𝟎

𝒌

𝓗𝟎
𝒊 ⋅ 𝒚𝒊 + 𝓞 𝒚𝒌+𝟏

𝒚 =
𝒛

𝟏+𝒛
           𝓗𝟎

𝟎 = 𝟏          𝓗𝟎
𝟏 = 𝟏 + 𝒒𝟎          𝓗𝟎

𝟐 = 𝟏 +
𝒋𝟎

𝟐
+ 𝒒𝟎 −

𝒒𝟎
𝟐

𝟐

 
𝒕 𝒛 = 𝒕𝟎 −න

𝟎

𝒛 𝟏

𝟏 + 𝒛′
𝐝𝒛′

𝑯(𝒛′)



Age / 𝒕
[𝐙/𝐇] 
[𝛂/𝐅𝐞] 

SPECTRA

OVERVIEW

- Cosmic Chronometers

- Methodological aspects

- Cosmographic results

- Upcoming work



Methodology

Age / 𝒕
[𝐙/𝐇] 
[𝛂/𝐅𝐞] 

SPECTRA



Methodology

Age / 𝒕
[𝐙/𝐇] 
[𝛂/𝐅𝐞] 

SPECTRA



Methodology

Age / 𝒕
[𝐙/𝐇] 
[𝛂/𝐅𝐞] 

SPECTRA

SPS models

𝑰𝒊 𝒕, 𝐙/𝐇 , 𝛂/𝐅𝐞  

Thomas et al. 2011 

TMJ
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LICK 
INDICES

Absoprtion features

+ 20 “Metalic”

+ 5 Balmer
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Methodology

This is a single 
galaxy spectrum!

𝐒/𝐍 > 𝟏𝟎 → percentile ≳ 𝟔𝟎 
of our final sample (!!)



Methodology

→A 𝑺/𝑵–dependent stacking enables avoiding 
the arbitrary selection of a binning rule later
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𝒕 𝒛; 𝒕𝟎,𝝈, 𝑯𝟎, 𝒒𝟎, 𝒋𝟎
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𝑯𝟎 = 𝟔𝟗. 𝟓−𝟕.𝟒
+𝟒.𝟑 𝐤𝐦 𝐬−𝟏 𝐌𝐩𝐜−𝟏

𝐦𝐨𝐝 𝒒𝟎 = −𝟎. 𝟖𝟓 𝐏𝟏𝟔 𝒒𝟎 = −𝟎. 𝟖𝟒 (!!!)

𝒋𝟎 unconstrained…

𝐝𝑯/𝐝𝒛 > 𝟎
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𝐝𝑯/𝐝𝒛 > 𝟎

Degeneracy between 𝑯𝟎 and 𝒒𝟎, 
preference for super-accelerating 
scenarios 

𝐝𝑯/𝐝𝒛 > 𝟎 ⇔ 𝒒 𝒛 > −𝟏
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𝛀𝒎 𝒒𝟎, 𝒋𝟎 =
𝟐 𝒋𝟎−𝒒𝟎−𝟐𝒒𝟎
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𝒘𝟎 𝒒𝟎, 𝒋𝟎 =
𝟏+𝟐𝒋𝟎−𝟔𝒒𝟎

−𝟑+𝟔𝒒𝟎
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Cosmography

𝐝𝑯/𝐝𝒛 > 𝟎 ⇔
𝒘𝟎 > 𝟏/(𝛀𝒎 − 𝟏)

𝚲𝐂𝐃𝐌 / 𝒘𝟎𝐂𝐃𝐌?
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All this & more…

Álvarez et al. 2025
(accepted for publication on 01/09/2025 in A&A)



TAKE-HOME IDEAS (OUT OF WORK DONE)

→  Independent estimation of 𝑯(𝒛) (no dynamics)

→  Cosmographic (kinematic) approach: 𝑯 ≡ 𝑯 𝒛; 𝒒𝟎, 𝒋𝟎, 𝒔𝟎, 𝒍𝟎

→  Continuous fit of 𝒕 𝒛 : full redshift-range exploitation + stability (avoiding 
𝑯 < 𝟎 local estimations)

→  Stacking (instead of binning after individual age estimation) + stable 𝑺/𝑵
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→  Continuous fit of 𝒕 𝒛 : full redshift-range exploitation + stability (avoiding 
𝑯 < 𝟎 local estimations)

→  Stacking (instead of binning after individual age estimation) + stable 𝑺/𝑵

!  SPS models critically affect the intermediate readout of stellar 
parameters (age, metallicity, 𝛂-enhancement)

! Are index oscillations an SDSS issue?
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Upcoming work

→ Galaxy spectra in the upper 
redshift range of SDSS (Legacy); 
objects with r-band magnitude 
𝐫 < 𝟏𝟗. 𝟖

→> 𝟑𝟎𝐤 GAMA (AAOmega 
spectrograph) objects with 
spectra compatible with 
passively evolving ETGs



Upcoming work



Upcoming work

→Extend the analysis to 
BOSS/eBOSS data at 
higher redshift

→Check DESI data

→Reliability of the SPS 
model, new/updated 
models?



A powerful tool in cosmology

Linder 2016, Fig. 4

→ Using LRGs data from BOSS/eBOSS/DESI 
we can get a measurement of 𝑯/𝑯𝟎. 
Combined with spatial statistics, we can 
get positions in the 𝐇/𝐇𝟎 − 𝒇𝝈𝟖 plane.



Linder 2016, Fig. 4

A powerful tool in cosmology

→ Using LRGs data from BOSS/eBOSS/DESI 
we can get a measurement of 𝑯/𝑯𝟎 . 
Combined with spatial statistics, we can 
get positions in the 𝐇/𝐇𝟎 − 𝒇𝝈𝟖 plane.

𝟎. 𝟒 < 𝒛 < 𝟏. 𝟎 → 𝟏 < 𝑯/𝑯𝟎 ≲ 𝟐



THANK YOU FOR 
YOUR ATTENTION! 

☺
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