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 Fig1: Stellar mass completeness

arXiv:2503.15311

90% complete at 1e10 𝑀⊙ 

(@z~0) and 1e11 𝑀⊙ (@z~1).

 Fig5: Evolution of the bar fractions

• In all mass bins, 𝑓𝑏𝑎𝑟  decreases at higher z.
• The decrease is pronounced in lower mass sample.
• Massive galaxies have higher 𝑓𝑏𝑎𝑟 at a given z.

⚫ Stellar bars are a fundamental component of disk galaxies’ (secular) evolution.
⚫ Quantifying the fraction of barred galaxies at various redshifts is essential to 

understand the growth of disk galaxies and baryon assembly history.
⚫ Identifying bars requires high spatial resolution imaging.
⚫ Sharp images from HST and JWST have significantly advanced the study of barred 

galaxies.
⚫ It was previously thought that high gas content and turbulent conditions in the 

early universe prevent bar formation.  JWST has found barred galaxies up to z ~ 4.
⚫ However, their survey area and the sample size are relatively small.
⚫ Euclid provides us both the high resolution and the very wide (space-based) coverage.
⚫ This study uses the Euclid Q1 data to measures the bar fraction in massive (Ms > 1e10 

𝑀⊙) galaxies up to z ~ 1.
⚫ The number of barred galaxies is increased by more than an order of mag.
⚫ Bars are identified on IE+YE images using a deep-learning model (Zoobot) trained 

on Galaxy Zoo labelling.

⚫ Bar fraction: 𝑓𝑏𝑎𝑟 =
𝑁𝑏𝑎𝑟

𝑁𝑔𝑎𝑙
  , where 𝑁𝑔𝑎𝑙 = | 𝑝𝑓𝑒𝑎𝑡𝑢𝑟𝑒 > 0.5  ∩ 𝑝𝑒𝑑𝑔𝑒 𝑜𝑛 < 0.5 |

Barred galaxies fraction at z < 1 revealed with Euclid

Fig6: Comparison with HST/JWST studies (Ms > 1e10 𝑀⊙)→

• This work has significantly small statistical errors due to 
the large sample size (N=7711).

• Regardless of differences in selection and completeness, 
all studies show consistent average 𝒇𝒃𝒂𝒓 (0.1—0.3), 
including JWST/NIRCam result.

• Note that a luminosity-limited sample would produce 
artificially flatter trend, since at higher z, the sample is 
biased toward massive galaxies which have higher bar 
fraction.
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 Fig7: Comparison with simulations

• Both simulations produce 
average 𝑓𝑏𝑎𝑟 ~ 0.2—0.4, that is 
consistent with observations 
(Fig 6).

• But show lower 𝑓𝑏𝑎𝑟  at lower z.
• Also, the trend depends on 

selection criteria of bars.
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Fig8: Comparison with simulations by Ms →

• Simulations overpredict 𝑓𝑏𝑎𝑟  for massive 
galaxies.

• Simulations would overproduce central 
star formation? (→ disk instability) 
→ more efficient bar formation?

• Q1 demonstrates the ability of the Euclid sharp/deep/wide data to investigate 
the internal structure of disk galaxies.

• The final DR (100x the sample size) will allow exploration of environmental 
correlations and more detailed comparisons with simulations.
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