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ABSTRACT

We studied the rotational velocities of a sample of blue straggler stars (BSSs) and reference stars belonging to the Galactic globular
cluster NGC 1851 using high-resolution spectra acquired with FLAMES-GIRAFFE at the ESO/VLT. After field decontamination
based on radial velocities and proper motions, the final sample of member stars was composed of 15 BSSs and 45 reference stars
populating the red giant and horizontal branches of the cluster. In agreement with previous findings, the rotation of the reference stars
is negligible in general (lower than 15 km s™'). In contrast, the rotational velocity is high (up to ~150 km s~") for a subsample of BSSs.
We found 4 fast-rotating BSSs (defined as stars that spin faster than 40 km s~!), which corresponds to a percentage of 27 + 14%. This
result delineates a monotonically decreasing trend (instead of a step function) between the percentage of fast-spinning BSSs and the
central concentration and density of the host cluster. This supports a scenario in which recent BSS formation preferentially occurs in

low-density environments from the evolution of binary systems.
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1. Introduction

Blue straggler stars (BSSs) are an exotic population in globular
clusters (GC; Sandage 1953; Ferraro et al. 1997, 1999) and other
stellar environments (Mathieu & Geller 2009; Momany et al.
2007; Mapelli et al. 2009; Preston & Sneden 2000; Clarkson
et al. 2011). In the color-magnitude diagram (CMD), they lie
on an extension of the main sequence (MS), and they are bluer
(hotter) and brighter than the MS turnoff. Hence, they are more
massive than MS stars (e.g., Shara et al. 1997; Geller & Mathieu
2011; Fiorentino et al. 2014).

Because of their high mass, BSSs are affected by dynami-
cal friction, which causes them to progressively migrate to the
central regions of the cluster. Ferraro et al. (2012) presented
a method (named “dynamical clock™) that uses the BSS radial
distribution to derive the dynamical age of star clusters. The
dynamical evolution of the host cluster is efficiently traced by
the A;'h parameter (Alessandrini et al. 2016; Lanzoni et al. 2016),
which is defined as the area between the cumulative radial dis-
tribution of BSSs and that of a lighter stellar population of
the cluster, such as MS, red giant branch (RGB), or horizon-
tal branch (HB) stars. Therefore, this parameter describes the
BSS central segregation with respect to that of the lighter pop-
ulation. Because only one burst of star formation occurred in
globular (and open) clusters, mass-enhancement processes must
be at the origin of these peculiar objects. Three formation sce-
narios have been proposed for this so far: mass transfer from
a companion star to the proto-accreting BSS in binary systems

* Corresponding author: alex.billi2@unibo.it

(MT-BSS; McCrea 1964), direct collisions between two or more
stars (COL-BSS; Hills & Day 1976; Sills et al. 2005), and merg-
ers or collisions triggered by dynamical interactions or stellar
evolution in triple star systems (Andronov et al. 2006; Perets &
Fabrycky 2009).

The MT channel is favored in low-density environments,
possibly because binary systems can more easily survive in
low-density conditions. Mathieu & Geller (2009) found that
76 = 19% (a fraction that is compatible with 100%) of BSSs in
the old open cluster NGC 188 are in binary systems. In addition,
Sollima et al. (2008) found an intriguing correlation between the
BSS specific frequency and the binary fraction in the core of
13 low-density Galactic GCs. Moreover, Ferraro et al. (2025)
recently found evidence that the origin of the vast majority of
BSSs detected in Galactic GCs is related to binaries (see also
Knigge et al. 2009). This indicates that the MT process is the
most efficient formation channel in GCs as well.

It is hard to distinguish between MT-BSSs and COL-BSSs
based on observations. Photometrically, a far-ultraviolet excess
was detected in a few binary BSSs in NGC 188 (Gosnell et al.
2014, 2015; Subramaniam et al. 2016) and other open and globu-
lar clusters (e.g. Sahu et al. 2019; Dattatrey et al. 2023; Reggiani
et al. 2025, and references therein). This was interpreted as the
signature of hot white dwarf companions, which are remnants of
the MT activity that generated these BSSs. Moreover, the BSS
population in a few post-core-collapse GCs was observed to be
split in two well-separated and parallel sequences (Ferraro et al.
2009; Dalessandro et al. 2013; Beccari et al. 2019; Cadelano et al.
2022; see also Simunovic et al. 2014 and Raso et al. 2020). The
bluest sequence is thought to be mainly populated by COL-BSSs
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that formed in a sudden enhancement of the collision activity
during the core-collapse phase, while the reddest sequence is
interpreted as predominantly due to MT-BSSs (Ferraro et al.
2009; Xin et al. 2015; Portegies Zwart 2019, see). The presence
of a double BSS sequence has also been claimed in some open
clusters (see, e.g, Rao et al. 2023, Wang et al. 2025, and ref-
erences therein, but see also Dalessandro et al. 2019), however,
which challenges the previous interpretation because the low-
density environment of open clusters disfavors the formation of
COL-BSSs. One intriguing suggestion (Rao et al. 2023) is that
one sequence is populated by slowly rotating stars and the other
by fast-rotating stars. Further investigations are needed to con-
firm the hypothesis. Another possibility suggested by Rao et al.
(2023) is the presence of multiple populations.

An alternative way for distinguishing MT-BSSs from those
that formed via collision is through the spectroscopic study
of the surface chemical composition. MT-BSSs are predicted
to show surface depletion in carbon and oxygen through the
accretion of material that was processed deep in the inte-
rior of the companion star (Sarna & De Greve 1996), while
no chemical anomalies are expected in the COL scenario
(Lombardi et al. 1995). The chemical signature of MT formation
has been observed in subsamples of BSSs belonging to the GCs
47 Tucanae (Ferraro et al. 2006) and M30 (Lovisi et al. 2013a).
Interestingly, the chemical (CO-depletion) and photometric (UV-
excess) signatures have been detected for the first time in the
same BSS in 47 Tucanae (Reggiani et al. 2025). Moreover, recent
studies in open clusters detected a barium enhancement in a sub-
sample of BSSs (Milliman et al. 2015; Nine et al. 2024). This
feature has been interpreted as the signature of MT between an
asymptotic giant branch companion that polluted the surface of
the BSS with elements produced during the thermal pulses.

The study of rotational velocities can also add important
information on the BSS origin and might shed light on the link
between the BSS evolution and the environmental characteris-
tics. In particular, high rotational velocities are expected at birth
for both MT-BSSs (Sarna & De Greve 1996; de Mink et al.
2013) and COL-BSSs (Benz & Hills 1987; Sills et al. 2002). For
the MT channel, the reason for the high velocity is the transfer
of angular momentum from the companion star to the accret-
ing proto-BSS, whereas in the COL scenario, the reason is the
conservation of angular momentum. Braking mechanisms (e.g.,
magnetic braking and disk locking) are then expected to slow the
stars down, but the timescales and efficiencies are not completely
understood so far (Leonard & Livio 1995; Sills et al. 2005).
New constraints are fortunately emerging from observations in
open and globular clusters. A recent result in open clusters com-
pared the rotation rates and ages of MT products to model the
evolution of angular momentum with time. A timescale shorter
than 1 Gyr was suggested for substantial braking (Leiner et al.
2018). A similar value (1-2 Gyr) has been inferred (Ferraro et al.
2023b) for COL-BSSs using the time since core collapse (esti-
mated from the comparison between collisional models and the
observed blue BSS sequence in M30; see Ferraro et al. 2009) as
an estimate of the formation epoch of these stars. Although the
rotational velocity cannot unequivocally indicate the formation
scenario, it can therefore be used as an indicator of BSS age.

In this context, our group started an extensive high-resolution
spectroscopic campaign several years ago to study the rotational
velocities of these exotic stars in a sample of Galactic GCs with
different values of the structural parameters. We have published
the results for the BSS rotational velocities in eight systems so
far, namely 47 Tucanae (Ferraro et al. 2006), M4 (Lovisi et al.
2010), NGC 6397 (Lovisi et al. 2012), M30 (Lovisi et al. 2013a),
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NGC 6752 (Lovisi et al. 2013b), w Centauri' (Mucciarelli et al.
2014), NGC 3201 (Billi et al. 2023), and M55 (Billi et al. 2024).
This dataset includes about 300 BSSs. Ferraro et al. (2023a)
found a strong relation in this dataset between the fraction of
fast-rotating BSSs (FR-BSSs) and the structural parameters (e.g.,
King concentration and central density) of the host cluster. FR-
BSSs were defined as stars with v sin(i) > 40 km s~!, where i
is the inclination angle in the plane of the sky”. For low-density
and low-concentration clusters, the fraction of FR-BSSs is much
higher than is observed in dense and more concentrated sys-
tems. This suggests that the environment affects the formation
and evolution of BSSs (see also Ferraro et al. 2025).

In this paper, we present new results on the rotational veloc-
ities of BSSs and of a reference sample composed of RGB and
HB stars in the GC NGC 1851. This cluster has an intermediate
value of the concentration (¢ = 1.86) and a high value of central
density (log pg = 5.09 in units of Ly pc™3). It is the first clus-
ter in our sample with an intermediate King concentration for
which the BSS rotational velocities were measured, and it thus
fills the gap between high- and low-concentration systems. The
paper is organized in the following sections. Sect. 2 describes
the observations and data reduction. The atmospheric parame-
ters are determined in Sect.3. Sect. 4 discusses the membership
of stars based on radial velocities and proper motions. In Sects. 5
and 6, we present our results for the rotational velocity of BSSs
and reference stars, and we conclude our study.

2. Observations

This work is based on stellar spectra obtained with the
high-resolution multi-object spectrograph FLAMES? GIRAFFE
(Pasquini et al. 2002) mounted on the Very Large Telescope
at European Southern Observatory (ESO) Paranal Observa-
tory, under programs 090.D-0487(A) and 092.D-0477(A) (PIL:
Simunovic). The observations were performed in different nights
between November 2012 and October 2013 using the HROA
setup, which covers the wavelength interval A1 = 5095-5404 A
and samples the Mgb triplet lines (1; = 5167.4 A, A, = 5172.7 A,
and A3 = 5183.6 A). These three lines are very sensitive to
v sin(i), as demonstrated in recent studies on BSS rotational
velocities (see Mucciarelli et al. 2014; Billi et al. 2023). A
total of 15 exposures are available in the ESO archive, and the
acquired spectra belong to stars that evolve in different evolu-
tionary stages: BSSs, RGB, and HB stars (see Figure 1, where
the adopted photometric catalog is from Stetson et al. 2019). We
took the reduced spectra from the online ESO archive*. Then,
we computed a master-sky as the median of the sky spectra in
the available exposures, and we subtracted it from the observed
spectra. Finally, we corrected for the heliocentric velocity and
averaged the individual exposures of the same stars. The result-
ing signal-to-noise ratio (S/N) ranges between 10 and 30 for the

! Although w Centauri is likely the remnant of a nuclear star cluster of
an accreted dwarf galaxy (Bekki & Freeman 2003), the properties of its
current BSS population should not depend on its true origin and can be
safely compared to those of genuine GCs.

2 As discussed by Ferraro et al. (2023a), the 40 km s~! threshold
was chosen considering the observed rotational velocity distributions
because it was noted that some clusters show a clear drop in the fraction
of FR-BSSs in correspondence with this value. It was also demonstrated
that a slightly different threshold (e.g., 30 or 50 km s~!) does not affect
the results.

3 Fibre large array multi element spectrograph (FLAMES).

4 https://archive.eso.org/cms.html
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Fig. 1. Color-magnitude diagram of NGC 1851 (black dots). The sur-
veyed BSSs, RGB, and HB stars are plotted as blue, red, and green
circles. A set of BASTI evolutionary tracks (Pietrinferni et al. 2021)
with masses ranging from 0.9 to 1.5 M,, is overplotted as cyan lines.
A BASTI isochrone of 11 Gyr is overplotted as an orange line, and a
BASTI HB model is overplotted as a green line.

sampled BSSs and RGB stars, and it is between 30 and 50 for the
HB stars.

3. Atmospheric parameters

Atmospheric parameters (e.g., effective temperature, Teg, and
surface gravity, logg) are fundamental ingredients for the
computation of appropriate synthetic spectra to be compared
with the observed spectra, from which radial and rotational
velocities are then measured. They were estimated by com-
paring the position of the surveyed stars in the CMD with
evolutionary tracks, isochrones, and an HB model. The models
were retrieved from the online BASTI-IAC database (Pietrinferni
et al. 2021), adopting an @-enhanced mixture and a metallicity
[Fe/H] = —1.18 dex (Harris 1996, 2010 edition). A set of evo-
lutionary tracks with mass values ranging from 0.9 to 1.5 Mg
was used for BSSs, while the atmospheric parameters of HB and
RGB stars were estimated through the comparison with an HB
model including stellar masses of 0.65-0.8 Mg and an 11 Gyr old
(VandenBerg et al. 2013) isochrone, respectively. The models are
plotted in the observed CMD (see Figure 1) by adopting a dis-
tance modulus (m — M)y = 15.47 and reddening E(B—V) = 0.02
(Harris 1996, 2010 edition).

To estimate the BSS temperatures and surface gravities, we
orthogonally projected the observed CMD position of each star
onto the closest evolutionary track. For the BSSs, the resulting
temperatures and log g values range between 5700 and 8600 K
and between 3.4 and 4.2 dex. For RGB, stars we obtained
Tes values between 5030 and 5350 K, and logg = [3.3, 3.6]
dex. Finally, for HB stars, we find Tes = [5300, 5600] K
and logg = [2.4, 2.5] dex. We assumed a microturbulence of
1 kms~! for BSSs and HB stars, and for RGB stars, we adopted
1.5kms™!.

BRI N VPRV SO

300~ 1

250 b
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o©°

0 200 4(|)0 600
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Fig. 2. Radial velocity of the observed stars as a function of their dis-
tance from the cluster center. BSSs, RGB, and HB member stars are
marked as blue, red, and green circles, respectively. The gray circles
correspond to Galactic field interlopers. The dashed black line marks
the average radial velocity of the member star sample.

4. Radial velocities and cluster membership

The radial velocities (V,) were used to assess the cluster mem-
bership of the observed stars. We measured them by cross-
correlating between the observed and template spectra using the
IRAF task fxcor (Tonry & Davis 1979). As templates, we used
synthetic spectra calculated using the code SYNTHE (Sbordone
et al. 2004; Kurucz 2005), and we assumed different atmospheric
parameters for the different types of stars. For the atomic and
molecular transitions, we used the last version of the Kurucz &
Castelli linelist’. The model atmospheres were calculated with
the ATLAS9 code (Kurucz 1993; Sbordone et al. 2004) under
the assumptions of local thermodynamic equilibrium and plane-
parallel geometry, adopting the opacity distribution functions by
Castelli & Kurucz (2003) without the approximate overshooting
prescription (Castelli et al. 1997).

Figure 2 shows the distribution of the measured radial veloc-
ities as a function of the distance from the center. The radial
velocities of 14 objects are clearly inconsistent with the radial
velocity of the bulk population, and the stars are clearly Galactic
field interlopers. Hence, they were excluded from the following
analysis. The remaining stars are tightly aligned around a mean
radial velocity of 320.3 + 0.5 km s~! (dashed black line in Fig-
ure 2). This value is well consistent with the systemic velocity of
NGC 1851 quoted in the literature: 320.5 + 0.6 km s~! (Harris
1996, 2010 edition) and 321.4 + 1.6 km s™! (Baumgardt & Hilker
2018). They all lie within 30 of the distribution, with o~ = 3.9 km
s~!. To further confirm their cluster membership, we took the
membership probability quoted by Vasiliev & Baumgardt (2021)
into account that was estimated from Gaia DR3 proper motions
(Gaia Collaboration 2016, 2023), and we found that their mem-
bership probability was higher than 90%. For one of the surveyed
BSSs, we measured V, = 287.8 km s~!. This is a very FR-BSS,

5 https://wwwuser.oats.inaf.it/castelli/linelists.html
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Table 1. Properties of the analyzed BSSs.

D ID Gaia RA Dec A" V-D Vv, v sin(i)
[deg] [deg] [km s~!] [km s~!]
23317  4819197883024929280  78.5151667  —40.0114722 1850 047 3277 «1.0 16 2
42825  4819291547673927808  78.5921250 —-39.9938333 18.57 0.54 3193+ 1.0 <15
44048  4819279693564194432  78.6020000 —40.0180556 17.63 0.54 3203 +39 69+4
44561  4819279620550033024 78.6068333 —40.0337500 18.68 0.55 3244+ 14 <15
34141  4819197608151426304  78.5500417 —40.0338611 18.00 0.61 3219+ 0.6 <15
28789  4819197608151755648  78.5322083 —40.0339444 1750 0.74 323.7+0.5 15+2
43811  4819279590484996096 78.6000000 —40.0508333 18.20 0.73  311.5+0.7 <15
32911  4819197539428458112  78.5457917 —40.0433333 17.84 032 3222 +0.8 <15
24367  4819197470712614272  78.5185833  —40.0595556 17.24  0.13 3161 + 14 65«5
18643  4819197058394790528  78.4984583 —40.0913333 18.11 033 287.8+88 147 +16
14237  4819196955314217600  78.4785417 —40.0931389 19.69 046 3188 +1.6 <15
10013 4819197951749529600  78.4477917 —-40.0700278 18.82 044 3194+1.6 337
20558  4819197779951454976  78.5057083 —40.0290278 18.26 0.56  326.8 = 1.0 <15
17621  4819197745587678592  78.4943333  —40.0335278 1846 031 315.6+28 68+3
15834  4819198501500313216  78.4865417 —40.0183333 1829 0.25 3139+ 1.5 19+3

Notes. Identification number of the Stetson and Gaia catalogs, J2000 coordinates, V-band magnitude, and (V — I) color (from Stetson et al. 2019),

radial velocity, and rotational velocity of the BSSs.
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Fig. 3. Comparison between the observed spectrum (black line) and
the best-fit synthetic spectrum (red line) of four BSSs with different
rotational velocities (see labels).

however, and because its spectral lines are extremely broadened,
the value we obtained is not reliable. The membership proba-
bility of this star (Gaia ID: 4819197058394790528) is >0.9 in
Vasiliev & Baumgardt (2021), however, and we therefore kept it
in the final sample of bona fide members, which includes a total
of 15 BSSs, 35 RGB, and 10 HB stars.

5. Rotational velocities

The rotational velocities were measured by comparing the
normalized observed spectra with a grid of synthetic spectra
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calculated with the atmospheric parameters discussed above and
with different values of v sin(i). More specifically, we selected
the Mgb triplet lines, and in particular, we used the third line
(A3 = 5183.6 /0%), which provides the best and clearest com-
parison. A x> minimization procedure was used to identify the
best-fit solution. Figure 3 shows the comparison between the
observed spectrum and the best-fit synthetic spectrum for
the third line of the Mgb triplet for a sample of four BSSs with
different values of the rotational velocities. Clearly, the broader
the observed line, the higher the stellar rotational velocity. To
estimate the uncertainties on v sin(i), we performed a Monte
Carlo simulation. For each star, we calculated a synthetic spec-
trum with the proper atmospheric parameters and the best-fit
value of v sin(i). Then, we randomly added Poissonian noise with
the same S/N as for the observed spectrum and repeated the anal-
ysis described above. We thus derived a new best-fit value of v
sin(i). By repeating the procedure 300 times, we obtained a dis-
tribution of v sin(i) values, and we finally adopted its standard
deviation as the 10 uncertainty on the rotational velocity of each
star. Table 1 lists the values we obtained for each member BSS.
The resolution is moderate and the S/N of the spectra is relatively
low, and we were therefore not able to distinguish very slowly
rotating stars (with v sin(i) < 15 km s~'). We therefore adopted
an upper limit for these stars. RGBs and HBs rotate very slowly,
as expected, with v sin(i) < 15 km s~!. This is consistent with the
findings of previous studies (Billi et al. 2023, 2024; Ferraro et al.
2023a).

The distribution of v sin(i) values we obtained for the sur-
veyed sample of BSSs is shown in Figure 4. The rotational
velocity distribution of BSSs is different from those of nor-
mal cluster stars. All RGB and HB stars rotate more slowly
than 15 km s~!, but some BSSs not only have v sin(i) val-
ues above this threshold, but even show rotational velocities
exceeding 100 km s™!.

In particular, we found 4 FR-BSSs out of the 15 BSSs in
NGC 1851, which corresponds to a total fraction of 27 + 14%.
The uncertainty on the fraction of FR-BSSs was calculated using
the propagation of the uncertainty of a ratio.
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Fig. 4. Rotational velocity distribution of the 15 BSSs. The left arrows
indicate the upper limit of 15 km s™! adopted for very slowly rotating
BSSs.

6. Discussion and conclusions

As part of a spectroscopic survey of BSS rotational velocities in
a sample of Galactic GCs spanning a wide range in structural
parameters, we presented the results obtained in NGC 1851. As
for other clusters, we found that BSSs have a peculiar rotational
velocity distribution compared to standard cluster stars, which
highlights their exotic origin. In particular, BSSs with v sin(i)
of about 100 km s™! or more have been detected in previous
works (Lovisi et al. 2010; Mucciarelli et al. 2014; Billi et al. 2023,
2024), and one BSS with an extremely high rotational velocity
(almost 150 km s~1) is also found in NGC 1851.

Figure 5 shows the position in the CMD of slowly and
fast-rotating BSSs, while we plot in Figure 6 the cumulative dis-
tributions of the two subsamples as a function of the observed
magnitude and color (left and right panels, respectively).
Figure 6 also provides the p-values of the Kolmogorov-Smirnov
test against the null hypothesis that the two samples are extracted
from the same parent distribution. Unfortunately, the small size
of the available samples prevented us from obtaining conclusive
answers about the possible difference in the color and magnitude
distributions of FR and slowly rotating BSSs.

A high rotational velocity is interpreted as the evidence of
recent BSS formation, with braking mechanisms that had not
enough time to intervene and slow down the stars. This piece
of evidence might therefore suggest that brighter and bluer BSSs
tend to be younger than the others, or that braking mechanisms
tend to be less efficient in the former. We also searched for a
possible correlation between the fraction of FR and the distance
of the BSSs from the center of the cluster, as done in previous
works (see Billi et al. 2023, 2024). In this case, we found no clear
relation between these two parameters. Fast- and slowly rotating
BSSs do not have two distinct radial distributions.

Ferraro et al. (2023a) found an intriguing relation between
the fraction of FR-BSSs and the central concentration and den-
sity of the host cluster, which shows that low-concentration and
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Fig. 5. Optical CMD of NGC 1851. The positions of fast- and slowly
rotating BSSs are highlighted with red and blue circles, respectively.

p-value=0.4 p-value=0.2

Fig. 6. Cumulative distributions of the V-band magnitude (left panel)
and (V — I) color (right panel) for the sample of FR-BSSs (red lines)
and slowly rotating BSSs (blue lines). The p-values of the Kolmogorov-
Smirnov test against the null hypothesis that the two samples are
extracted from the same parent distribution are marked in each panel.

low-density systems are populated by a larger fraction of fast-
spinning BSSs (see the gray symbols in Figure 7). It remained
unclear, however, whether this dependence was a sort of step
function (with ~40% FR-BSSs for concentration parameters
below ~2 and ~10% FR-BSSs above this limit) or a monotoni-
cally decreasing trend. The findings presented in this paper (blue
circles in the figure) are an important addition to this result. They
indicate a continuous drop in the fraction of fast-spinning BSSs
for increasing ¢ and py.

Ferraro et al. (2023a) also discussed a possible relation
between the fraction of FR-BSSs and the A:’h parameter, which is
defined (Alessandrini et al. 2016; Lanzoni et al. 2016) as the area
between the cumulative radial distribution of BSSs and that of
a reference population of lighter stars (e.g., HB or RGB stars)
and measures the dynamical age of the host cluster (see Fer-
raro et al. 2018, 2023b, and references therein): the higher the
value of AT, the higher the dynamical age of the cluster, with
AY > 0.3 possibly indicating stellar systems that already went
through core collapse. The relation between the percentage of
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Fig. 8. Percentage of FR-BSSs as a function of the A}, parameter,
which is a tracer of the internal dynamical evolution of the host clus-
ter. The gray symbols correspond to the GCs investigated by Ferraro
et al. (2023a), and the blue circle corresponds to NGC 1851.

FR-BSSs and A’, found by Ferraro et al. (2023a) is plotted with
gray symbols in Figure 8. It shows a clearly decreasing trend up
to A% ~ 0.3 and a possible mild increase for higher A}, val-
ues. The latter behavior might be evidence for recently formed
COL-BSSs that are generated by the strong density enhancement
(hence, the growth in the stellar collision probability) during
core collapse. The result obtained in this work for NGC 1851
is superposed as a blue circle. The large error bar might imply
that the fraction of FR-BSSs increases as a function of A, in
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highly dynamically evolved systems. Despite the high value of
the A*, parameter (A", = 0.49, Ferraro et al. 2018), NGC 1851 is
not classified as a post-core-collapse system. We thus speculate
that the observed high percentage of FR-BSSs might result from
arecent BSS formation due to a high rate of binary interactions,
which also delay the core-collapse phase. Another possible clue
of the high rate of binary interactions in NGC 1851 is suggested
by the relevant number of isolated millisecond pulsars and bina-
ries that were likely formed via exchange interactions (Ridolfi
et al. 2022; Barr et al. 2024; Dutta et al. 2025).

These conclusions are unfortunately quite speculative and
need further observational studies of a large sample of BSSs in
clusters with different characteristics. These require a high res-
olution and high S/N spectroscopy of relatively faint resolved
stars in a highly crowded field, however, and thus represent a
challenging task with the currently available instrumentation.
The observed trends, especially those between the percentage of
FR-BSSs and the central concentration and density of the parent
cluster, nevertheless call for a renewed theoretical effort to pro-
vide a physical explanation for these observational results and
to shed new light on the role of the environment and internal
dynamics in setting the BSS properties.
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