
Discussion and conclusions
• The metal-poor component with subsolar metallicity and enhanced 

[α/Fe], [Al/Fe], and [K/Fe] 
→ consistent with the ordinal scenario

• the metal-poor subpopulation : early enriched by 
type II SNe

• young age, metal-rich subpopulation : enriched by 
the ejecta by type Ia SNe on longer timescales

Introduction
• Liller 1 : a massive stellar system in the Galactic bulge located at 0.8kpc from the 

Galactic center
• high absolute and differential reddening

• 𝐸 𝐵 − 𝑉 ≈ 4.5𝑚𝑎𝑔, 𝛿𝐸 𝐵 − 𝑉 = −0.57 ~ + 0.37𝑚𝑎𝑔
• There are two subpopulations within Liller 1 , which is shown by color-magnitude 

diagram
• A main 12Gyr old, subsolar subpopulation
• A younger (1-3Gyr), supersolar subpopulation

• The first Liller 1 metallicity distribution by MUSE shows (Crociati et al.2023)
• A dominant metal-poor component with a peak at [Fe/H] ~ -0.5dex 

(𝜎~0.2𝑑𝑒𝑥)
• A metal-rich component with a peak at [Fe/H] ~ 0.3dex (𝜎~0.2𝑑𝑒𝑥)

→ Liller 1 is another complex stellar system of the bulge, hosting multi-age and 
multi-iron stellar subpopulations similarly to Terzan 5 (another massive globular 
cluster) 
→ A proper spectroscopic screening of its elemental abundances is urgent

Observations
• 34 bright giant stars in Liller 1 were spectroscopically observed by X-shooter at VLT.

• R ≈ 8000,  1.15−2.37 µm 
• The spectra were reduced with ESO X-shooter pipeline version 3.1.0 to obtain 2D 

spectra
• The 1D spectrum was extracted manually in order to optimize the location and 

extension

https://arxiv.org/abs/2404.14130

Stellar membership from proper motions
• Liller 1 population was distinguished from the Galactic field by the proper motion 

distributions of Gaia DR3. 
• Criteria : proper motion vector is located within 3 × 𝜎𝑃𝑀 (𝜎𝑃𝑀 ≈ 0.5 𝑚𝑎𝑠/𝑦𝑟) (Fig.2) 

• 27/34 stars were satisfied.

Spectral analysis
• Radial velocities are determined via cross-correlation technique
• The chemical abundances were determined via spectral synthesis.

• Radiative transfer code URBOSPECTRUM (Alvarez & Plez 1998; Plez 2012)

• MARCS models atmospheres (Gustafsson et al. 2008)
• Atomic data : VALD3 compilation
• Molecular data : from the website of B.Plez

• A photometric estimate of the stellar temperature and gravity was derived from suitable 
isochrones by Bressan et al. (2012) by matching the old (12 Gyr) and young (1, 2, 3 Gyr) 

components of Liller 1 at [Fe/H] ≈−0.3 and [Fe/H] ≈+0.3. → Table2.
• For the chemical analysis, they compiled a list of suitable atomic lines over the entire J, H, 

K spectral range (Na I, Mg I, Al I, Si I, K I, Ca I, Ti I, V I, Fe I)
• OH molecular lines and CO bandheads were also used for O and C abundances

Fig.4 (left)

Results
• Two components were found. → Fig.4

• 22 stars : metal-poor [Fe/H] = −0.31 ± 0.02
• 5 stars : metal-rich [Fe/H] = +0.22 ± 0.03

• The metal-poor subpopulation shows some enhanced (by a factor of 
2−3 on average) [α/Fe], [Al/Fe], and [K/Fe] with respect to the 
solar values (𝛼 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 ∶ O, Mg, Si, Ca, Ti)

• The [V/Fe] abundance ratio is about solar at all metallicities
• [Na/Fe] is enhanced in the metal-poor and metal-rich subpopulations
• The metal-poor/rich components of Liller 1 are both significantly 

depleted in [C/Fe] and in the
𝟏𝟐
𝑪/𝟏𝟑𝑪 isotopic ratio with respect to 

the solar values. → Fig.6
• No specific trend is evident for [Al/Fe] vs [O/Fe], [Na/Fe] vs [O/Fe] 

and [Na/Fe] vs [C/Fe] → Fig. 7

Fig.7 (middle)

• significantly depleted [C/Fe] and 12C/13C isotopic ratio with respect to the solar values
→ consistent with mixing and extra-mixing processes during RGB

• Na-O anticorrelation typically seen in globular clusters (GC, Carretta et al. 2009) is not observed.
→challenges the formation scenarios of GC

• The accretion of a giant molecular cloud by a genuine GC
• The merger of two GCs

• Liller 1 and Terzan 5 are likely complex stellar systems that have formed and evolved within the bulge.

Both are very massive (∼ 106𝑀⊙ ), but might be more massive in the past, allowing them to retain the SN 
ejecta and possibly to self-enrich as shown by the recent chemical evolution modeling of Terzan 5 
presented in Romano et al. (2023)
• They could be fossil fragments of the pristine clumps of stars and gas that may have contributed to 

forming the early bulge.
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