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A B S T R A C T 

The mass–metallicity relation is a fundamental galaxy scaling law that has been ext ended t o the faint est syst ems in the 
Local Group. We show that the small scatter in this relation, which has been used to argue against tidal mass-loss in 

Local Group sat ellit es, is consist ent with the level of disruption in the Auriga simulations. For every accreted system in 

Auriga, w e comput e st ellar masses and metallicities tw o ways: considering the t otal syst em (bound + lost mat erial) and 

only considering the pr ogenitor. A ccr eted systems in Auriga have a tight relation between total stellar mass and metallicity, 
with scatter at a fixed stellar mass driven by age. When only considering the progenitor, the tidally ev olv ed mass–metallicity 

relation has similar scatter ( ∼0.27 dex) as observed for the Local Group sat ellit es ( ∼0.23 dex). Sat ellit es that lie above the 
ev olv ed relation have experienced substantial mass-loss and typically have low metallicity for their total stellar mass. Even 

sat ellit es that fall exactly on the ev olv ed relation can lose over half of their stellar mass. Only satellites substantially below 

the ev olv ed r elation ar e r eliably intact. Based on their offset fr om the observed r elation, we pr edict which Milk y Wa y and 

M31 sat ellit es hav e tidal tails waiting t o be discov ered. 

Key words: Galaxy: halo – galaxies: evolution – galaxies: formation – Local Group. 
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 INTRODUCTION  

he mass–metallicity relation is a fundamental scaling law con- 
ecting the stellar mass of a galaxy to its metal contents (e.g. C.
. Tremonti et al. 2004 ; L. J. Kewley & S. L. Ellison 2008 ; F. Man-
ucci et al. 2010 ; R. Maiolino & F. Mannucci 2019 ). The relation is
overned by the complex interplay between star formation, stellar 
volution, accretion, and baryonic feedback. It has been extended 

 o the faint est galaxies within the Local Volume (J. D. Simon & M.
eha 2007 ; E. N. Kirby et al. 2008 , 2013 , 2020 ), many of which are

at ellit es of the Milky Way and M31. 
The observ ed scatt er 1 in this relation is remarkably small,
0.15 to 0.25 dex depending on adopted measurements. It is 

onventionally argued (e.g. J. D. Simon & M. Geha 2007 ; J . D .
imon 2019 ) that this small scatter indicates that the Local Group
 E-mail: alexander.riley@fysik.lu.se 
 We adopt the RMSE, σscatter ≡

[ ∑ 

( [Fe/H] obs − [Fe/H] model ) 2 /N 

] 1 / 2 
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at ellit es hav e not experienced substantial mass-loss. This is be-
ause individual systems would move towards smaller mass and 

igher mean metallicity if the system begins with a negative ra-
ial metallicity gradient and low-metallicity stars in the outskirts 
r e pr efer entially lost. This w ould t end t o increase scatt er in the
orrelation. 

Many cosmological hydrodynamical zoom-in simulations of 
ilk y Wa y -mass galaxies claim t o mat ch the mass–metallicity

elation (A. Genina et al. 2019 ; E. Applebaum et al. 2021 ; R.
 . J . Grand et al. 2021 ), often with similar or smaller scatter
han the observ ations. R ecent analyses of such simulations (N.
hipp et al. 2023 , 2025 ; A. H. Riley et al. 2025 ) show that their
at ellit es hav e experienced much more tidal disruption than pre-
iously understood. How do these simulations produce mass–
etallicity relations with small scatt er, despit e such a high level

f mass-loss? Is the observed mass–metallicity relation indicative 
f an intrinsic relation, or possibly one that has ev olv ed due to
ides? 

Our goal in this work is to examine these questions using
he Auriga simulations. We restrict our analysis to satellites 
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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Figure 1. The intrinsic mass–metallicity relation for accret ed syst ems in 
Aurig a. Squar es indicat e syst ems that hav e been fully disrupt ed ( f bound = 

0 ) while crosses indicate systems that still have a bound progenitor at the 
present day ( f bound > 0 ). The scatter at fixed total stellar mass is driven 
by age (colour of points), parametrized here as t 90 . 
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hat reach M � � 5 × 10 5 M �, excluding the ultrafaint systems
hat may not follow the same mass–metallicity relation (S. W.
u et al. 2023 ) due to higher sensitivity to supernova feedback
trength and other galaxy formation physics (O. Agertz et al.
020 ). 

 D I S RU P T I N G  SAT E L L I T E S  I N  AURI GA  

e use the suite of Milky Way-mass haloes from the Auriga
roject (R. J. J. Grand et al. 2017 , 2024 ). These haloes were se-

ected from the EAGLE dark-matter-only 100 Mpc box (J. Schaye
t al. 2015 ) to have M 200c = 1 − 2 × 10 12 M � and satisfy an iso-
ation criterion. They wer e r esimulated with the moving-mesh
ode arepo (V. Springel 2010 ; R. Pakmor et al. 2016 ) and a galaxy
ormation model detailed in R. J. J. Grand et al. ( 2017 , 2024 ). The
urig a model pr oduces spiral disc g alaxies that ar e br oadly con-

istent with a number of observations including stellar masses,
izes, and rotation curves (R. J. J. Grand et al. 2017 ), H i gas
istributions (F. Marinacci et al. 2017 ), stellar disc warps (F. A.
ómez et al. 2017 ), stellar bars (F. F r agkoudi et al. 2020 , 2025 ),

at ellit e galaxies (C. M. Simpson et al. 2018 ), stellar haloes (A.
onachesi et al. 2019 ), and magnetic fields (R. Pakmor et al.

017 ). The simulations are described in further detail in R. J. J.
rand et al. ( 2017 , 2024 ). 
A. H. Riley et al. ( 2025 ) and N. Shipp et al. ( 2025 ), hereafter

aper I and Paper II , presented a uniform and complete catalogue
f all systems that accreted onto the Milky Way-mass hosts in Au-
iga. In addition to identifying the star particles associated with
ach system, they also assessed which are bound to the progenitor
t present day according to subfind (V. Springel et al. 2001 ).
hey analysed three different numerical resolutions available in
urig a; we focus her e on the six haloes that were simulated at

level 3’ resolution with baryonic element (dark matter particle)
asses of 6.7(36) ×10 3 M � and a minimum softening length of 

88 pc. This resolution is sufficient to study accreted systems
own to M � ∼ 5 × 10 5 M � with over 100 star particles. 
The Auriga simulations trace individual abundances for nine

lements: H, He, C, O, N, Ne, Mg, Si, and Fe. The abundances of 
ndividual star particles are inherited from the gas cell they are
orn from. We define the metallicity of a star particle as 

Fe/H] = log 10 

(
M Fe 

M H 

)
− log 10 

(
55 . 845 
1 . 008 

)
− (7 . 46 − 12) , (1) 

here M X is the ratio of mass in species X to the total mass of the
ar ent g as cell, the second t erm conv erts mass t o number density
sing the atomic mass of each species, and the third term sets
Fe/H] � ≡ 0 (M. Asplund, A. M. Amarsi & N. Grevesse 2021 ).

hen computing the mean metallicities for an accretion event,
e follow conventions for resolved star observations in the Local
roup. In particular, w e w eight each star particle by its present-
ay stellar mass and compute the mean of [Fe/H] as defined in
quation ( 1 ) (see section 3.1 of I. Escala et al. 2018 ). For each
yst em 

2 w e comput e the mean metallicity two ways: across all
tars formed in that syst em (‘t otal’) and only those bound to the
rogenitor (‘bound’). We refer to the resulting mass–metallicity
elations as ‘intrinsic’ and ‘(tidally) ev olv ed’, respectiv ely. We de-
NRAS 546, 1–8 (2026) 

 We remove 13 systems (of 419 total) that are phase-mixed with intrinsic 
 � � 10 7 M � and [Fe/H] � –0.9. These are contaminated by merger- 

riven starbursts, becoming outliers in mass–metallicity–age. 

3

d
4

f

ote the fraction of total stellar mass that remains bound to the
rogenitor as f bound 

3 

We caution that the Auriga model produces central galaxies,
at ellit es, and st ellar haloes that ar e mor e metal-rich than in
bservations (A. Monachesi et al. 2019 ; R. J. J. Grand et al. 2021 ;
. Kizhuprakkat et al. 2024 ). We focus on the evolution of the
ass–metallicity relation as Auriga sat ellit es lose st ellar mass,
hich depends on relative changes. In Section 4 , we compare the
ffsets from the mass–metallicity relation for both Auriga and
bservations, but only after normalizing by the scatter about their
 espective r elations, which also mitig ates this issue. Similarly, if 
at ellit es in Auriga disrupt too readily (either from numerical res-
lution or unrealistic physical properties), the general qualitative
r ends r eport ed in this w ork should still hold. 

 I N T R I N S I C  VERSUS  EVOLVED  

ASS–MET  A L L I C I T Y  R E L A  T I O N  

n Fig . 1 , we pr esent the intrinsic mass–metallicity relation for
ll accret ed syst ems in Aurig a, r eg ar dless of whether or not they
ave a bound progenitor at the present day. The scatter at fixed
 otal st ellar mass is driven by age 4 ; older objects at a giv en st ellar

ass have lower metallicity and are more likely to be fully dis-
upted. This naturally arises from a mass–metallicity relation that
v olv es with redshift due to self enrichment (e.g. X. Ma et al. 2016 ;
. Torrey et al. 2019 ), combined with environmental quenching
nd tidal disruption experienced by objects from a cosmological
ccretion history. We also find that fully disrupt ed syst ems hav e
igher [ α/Fe] than those that survive to the present day, a familiar
esult in both simulations (B. Robertson et al. 2005 ; A. S. Font
t al. 2006 ; A. Fattahi et al. 2020 ; S. E. Grimozzi, A. S. Font & M.
. De Rossi 2024 ; D. Pathak et al. 2025 ) and observations (A. P. Ji
t al. 2020 ; S. Hasselquist et al. 2021 ; R. P. Naidu et al. 2022 ) that
s driven by the same physical processes. 
 We refer to sections 1 and 3 of Paper I for adopted nomenclature and 
efinitions (e.g. ‘bound’, ‘progenitor’, ‘total stellar mass’ of a system). 
 Parametrized as the lookback time by which 90 per cent of stellar mass 
ormed and denoted as t 90 . 
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Figure 2. The intrinsic and tidally ev olv ed mass–metallicity relations for Auriga sat ellit es that hav e f bound > 0 . Individual syst ems are shown both 
considering bound progenitors (circles) and the total system (crosses). We provide linear fits to both bound (solid red) and total (dashed black) cases, 
along with the vertical scatter about these relations. We only include systems that have 10 or more bound star particles at the present day. 
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In Fig . 2 , we pr esent both the intrinsic and ev olv ed mass–
etallicity relations for surviving Auriga sat ellit es (i.e. f bound > 

 ). Ev ery sat ellit e is r epr esented in the figur e twice: cr osses in-
icate values when considering bound and lost material (at the 
ame locations as in Fig. 1 ), while the circles only consider stars
hat remain bound to the progenitor at the present day. As satel-
ites disrupt, they move towards lower (bound) stellar mass and 

igher mean metallicity. The increase in mean metallicity is a 
 esult of neg ative r adial metallicity gr adients in Auriga 5 (S. Khop-
rskov et al. 2023 ; M. D. A. Orkney et al. 2023 ; A. Carrillo et al.
024 ) – as lower metallicity stars in the outer regions are removed
rst, the remaining bound progenitor has a higher mean metal- 

icity than the ov erall syst em. We not e that negativ e metallicity
radients are common in observed low-mass galaxies in the Local 
roup and beyond (E. N. Kirby et al. 2011 ; R. Leaman et al. 2013 ;
. Taibi et al. 2022 ; F. O. Barbosa et al. 2025 ). 

We fit linear models to both the intrinsic and tidally evolved 

ata for systems that have f bound > 0 . Due to tidal mass-loss and
egative metallicity gradients, the evolved relation sits higher and 

as a larger scatter (0.27) than the intrinsic relation (0.14). The
idally ev olv ed relation, which only considers the bound progen-
tor, is the simulated analogue to the measurements reported in 

. N. Kirby et al. ( 2013 ) and similar analyses. 
The scatter in the tidally evolved relation is primarily driven by 
ass-loss. At fixed bound st ellar mass, sat ellit es with high f bound 

re generally below the tidally ev olv ed relation, while sat ellit es
ith low f bound are above this relation. Even satellites that fall ex-

ctly on the relation can lose substantial amounts of stellar mass.
e also note that individual points ‘invert’ their relationship to 

he mass–metallicity relation. Sat ellit es that hav e low f bound mov e
n the mass–metallicity plane from being below the intrinsic re- 
ation to being above the tidally ev olv ed relation. Sat ellit es that
ave high f bound begin above the intrinsic relation and remain in
 We discuss ignoring metallicity gradients in Appendix A . 
6

a

he same location of the mass–metallicity plane, but the relation 

hifts such that they end up below the tidally ev olv ed relation.
here is a modest decrease in scatter about the tidally evolved
elation with increasing stellar mass, while the scatter is more 
niform for the intrinsic relation. 
Finally, w e not e that there is a collection of sat ellit es with

f bound � 1 that fall on or slightly above the tidally evolved rela-
ion. These systems are star forming, recently accret ed sat ellit es
hat have the highest possible metallicity for their total stellar 

ass (see Fig. 1 ). The agr eement in mass–metallicity r elations
etween different morphological classes of observed galaxies (E. 
. Kirby et al. 2013 ) and between satellite and field galaxies in

ome simulations (E. Applebaum et al. 2021 ) may stem from
omparing the intrinsic r elation of r ecently accr et ed (or isolat ed)
tar forming systems to the tidally ev olv ed relation of quiescent
ystems. We show these galaxies in Fig. 2 but e x clude them else-
here in this work. 

 T H E  LOC AL  GROUP  SAT E L L I T E S  

n Section 3 , we established a connection between how disrupted
 sat ellit e in Aurig a is and wher e it sits in the mass–metallicity
lane relative to the tidally evolved r elation. N ow we connect
his result to the observed satellites of the Milk y Wa y and M31.

e consider sat ellit es that are brighter than M V = −7 . 7 (J. D.
imon 2019 ) and have literatur e [Fe/H] measur ements derived
r om spectr oscopy. We adopt values reported in A. B. Pace ( 2025 )
or all stellar mass measurements 6 and augment their spectro- 
copic measurements with values for high-mass sat ellit es from 

ither A. W. McConnachie ( 2012 ) or E. N. Kirby et al. ( 2013 ).
pecific measurements and their original sources are listed in 

ppendix B . 
MNRAS 546, 1–8 (2026) 

 In practice, A. B. Pace ( 2025 ) take literature V -band luminosities and 
dopt a uniform M � /L V = 2 . 
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In Fig. 3 , we present these measurements along with the re-
ation reported in E. N. Kirby et al. ( 2013 ). 7 We note that the fit
eported in E. N. Kirby et al. ( 2013 ) includes ultrafaint systems
own to 10 3 M �, which do not appear to continue the relation
nd instead flatten at [Fe/H] ∼ −2 . 6 (S. W. Fu et al. 2023 ). For a
onsist ent treatment, w e fit a new relation as done for the Auriga
at ellit es (Fig. 2 ). This fit reduces the scatter from 0.24 to 0.23,
hich is comparable to the 0.27 for bound sat ellit es in Auriga.
e emphasize that this is the first time a simulation has shown

hat a mass–metallicity relation with small scat ter (compar able to
bservations) can still emerge from a syst em of sat ellit es under-
oing substantial tidal disruption. 

We compute the vertical (i.e. at fixed mass) offset from the fit
[Fe/H] for each sat ellit e, which is positive (negative) for satel-

ites that sit above (below) the relation. In the top panel of Fig.
 , we present these offsets and show they broadly correlate with

f bound for the Auriga sat ellit es, as seen in Fig. 2 . 
We can leverage this connection between f bound and �[Fe/H] to

redict which Local Group sat ellit es are activ ely disrupting. This
s detailed in Appendix B , but in brief, we assign a Class 1 through
 based on the offset �[Fe/H] normalized by the σscatter about the
elation. The boundaries between the different classes are shown
s dashed lines in Fig. 4 and largely capture different categories
f mass-loss in Aurig a, fr om unlikely to be losing mass (Class
) to guaranteed to have experienced extreme disruption (Class
). In particular, we highlight the following quiescent systems
redict ed t o be disrupting at high confidence: 

(i) Class 3 (0.05 < f bound < 0.8): Fornax, Leo II, NGC 147, And
, II, III, VI, XIX, XXI, XXVIII, XXIX 

(ii) Class 4 ( f bound < 0 . 2 ): And XVII, And XVIII, Cassiopeia II 
(iii) Class 5 ( f bound < 0 . 05 ): Sagittarius, And XV 

The offset �[Fe/H] and predicted disruption Class for individ-
al Local Group sat ellit es are reported in Appendix B . 
NRAS 546, 1–8 (2026) 

 For consistency with our adopted stellar masses, we use the luminosity–
etallicity r elation r eported in equation (3) of E. N. Kirby et al. ( 2013 ) 

nd apply the same M � /L V = 2 . 

8

C
a
t
b

It may appear surprising that so many Local Group sat ellit es
ould be significantly disrupted, especially given current detec-
ions. How ev er, the tidal tails emanating from these systems are
ikely too faint to be detected in current resolved-star imaging, so
he sat ellit es w ould appear intact (N. Shipp et al. 2023 ). These low
urface brightness features may be visible by upcoming facilities
ncluding Rubin LSST, Euclid , and Roman . 

To illustrate how far satellites can move in the mass–metallicity
lane, in Fig. 3 (star symbols) we provide reconstructions of the

t otal’ syst em for thr ee pr ominent e xamples of disrupting Milky
ay sat ellit es: Sagit tarius, Antlia II, and Cr ater II. For Sagit tarius
e adopt an f bound = 0.19 (M. Niederste-Ostholt et al. 2010 ) and

ssume that the progenitor has mean [Fe/H] = −0 . 58 , while the
ails ar e mor e metal-poor with [Fe/H] = −1 . 07 (G. Limberg et al.
022 ; E. C. Cunningham et al. 2024 ). For Antlia II and Crater II
e adopt modelling estimates of f bound = 0.1 (O. Sameie et al.

020 ) and 0.3 (J. L. Sanders, N. W. Evans & W. Dehnen 2018 )
espectively 8 and assume there is no shift in metallicity given the
ack of a det ect ed metallicity gradient (A. P. Ji et al. 2021 ). 

Even though these estimates are simple, they illustrate (based
n independent modeling) how far individual sat ellit es can travel
n the mass–metallicity plane. In addition, it is clear that their
total’ mass and metallicity should not be compared to the mass–

etallicity relation of sat ellit es, but t o the (unknown) intrinsic
elation (as highlighted in Fig. 2 ). It is also intriguing that these
econstructions move their respective satellites near the lowest
 A. P. Ji et al. ( 2021 ) argue against substantial mass-loss for Antlia II and 
rater II based on offset from the E. N. Kirby et al. ( 2013 ) relation. We 
ssign both objects to Class 2 where f bound � 0 . 2 is possible, such that 
he O. Sameie et al. ( 2020 ) Antlia II estimate of 0.1 is difficult to match 
ut the J. L. Sanders et al. ( 2018 ) Crater II estimate of 0.3 is feasible. 
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dge of the sat ellit e mass–metallicity relation, suggesting that this
ay be near where the intrinsic relation lies. These results imply a

ifference in the mass–metallicity relations between centrals and 

at ellit es, an effect already observed at higher masses (A. Pasquali
t al. 2010 ). Simulators can also be more accepting of a mass–
etallicity relation for isolated low-mass galaxies that is lower 

nd steeper than what is observed in the Local Group, since it is
he intrinsic relation that they seek to reproduce (e.g. S. Bose &
. J. Deason 2025 ). 
Finally, when estimating the stellar mass of streams a common 

echnique (e.g. T. S. Li et al. 2022 ) is to measure the stream’s
etallicity and then adopt a mass–metallicity relation, often from 

. N. Kirby et al. ( 2013 ). We emulate this method for Auriga
ystems by computing the mean metallicity of unbound stars and 

onv erting this int o a st ellar mass using the ev olv ed relation (solid
ine in Fig. 2 ). We find this underestimates the true total mass
ith log 10 (M 

est 
∗ /M 

true 
∗ ) = −0 . 34 +0 . 38 

−0 . 59 for systems with a progenitor
t the present day and log 10 (M 

est 
∗ /M 

true 
∗ ) = −0 . 57 +0 . 33 

−0 . 34 for systems
ith no progenit or. The latt er is impacted by redshift evolution

f the intrinsic relation (Fig. 1 ). While this technique is an im-
rov ement ov er methods using star counts for only the chunk of 
tream that is det ect ed, w e recommend such estimates should be
onsidered lower bounds on the total mass of the system. 

 CON C LUD I N G  REMARKS  

 ccr et ed syst ems in Auriga follow established correlations be-
w een st ellar mass, metallicity, and star formation history (Fig.
 ) that, upon accretion and disruption, imprint a tidally ev olv ed
ass–metallicity relation that differs from the intrinsic one (Fig. 
 ). The scatter about this tidally evolved relation is similar to
hat observed for Local Group satellites (Fig. 3 ) and offset from
he relation predicts which sat ellit es hav e experienced substantial

ass-loss (Fig. 4 ). The mass–metallicity relation for Local Group 

at ellit es is not only compatible with tidal mass-loss, but provides
urther evidence that a wealth of faint streams awaits discovery 
n Rubin, Euclid , and Roman data. 
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P P E N D I X  A:  IGNORING  M ETAL L I C I T Y  

RADIENTS  

any of the key results in this analysis for Auriga are driven
imultaneously by both tidal mass-loss and by initial negative ra- 
ial metallicity gradients. Due to these gradients, low metallicity 
tars ar e pr efer entially lost fr om the outskirts, raising the mean
etallicity of the bound progenitor. While we prefer to present 

esults that include both effects, it can be interesting to see if 
ur results qualitatively hold when ignoring the effect of radial 
radients. 

In Fig. A1 , we show a version of Fig. 2 that ignores the metallic-
ty evolution of the bound progenitor by adopting the metallicity 
f the t otal syst em. In other w ords, individual points mov e e x clu-
iv ely t o low er st ellar mass. We still find that the mean relation
oves away from the intrinsic one, the scatter about the relation

ncreases, and that individual points ‘invert’ their relationship to 
he relation. 
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P P E N D I X  B :  D I S RU P T I O N  PREDICTION  FOR  

B S E RVE D  SAT E L L I T E S  

n Section 3 , we introduce a broad classification for how disrupted
uriga sat ellit es ar e, based on their offset fr om the tidally ev olv ed
ass–metallicity relation �[Fe/H] normalized by the scatter 

bout the relation σscatter . The exact boundaries are listed in Ta-
le B1 and separate into the following qualitative descriptions: 

(i) Class 1: unlikely to have experienced any mass-loss 
(ii) Class 2: mass-loss down to f bound ∼ 0 . 2 is possible but dis-

avoured 

(iii) Class 3: substantial mass-loss is favoured, with most satel- 
ites having 0 . 05 < f bound < 0 . 8 

(iv) Class 4: no intact sat ellit es, f bound < 0 . 2 strongly preferred
(v) Class 5: no intact sat ellit es, only f bound < 0 . 05 

Table B1 also lists quantitative metrics for how disrupted Au- 
iga sat ellit es are in each Class. As shown in Fig. 4 , both the high-
st level of disruption that is possible and the fraction of sat ellit es
hat are substantially disrupted increase with ascending Class or- 
er . W e caution that these predictions are less robust for systems
hat have recent star formation (see final par agr aph of Section 3 ).

We then apply the same e x er cise to the observed Local Group
at ellit es t o predict how much tidal disruption they have expe-
ienced. We begin with compilations of their stellar masses and 

ean metallicities (Fig. 3 ), then fit a relation in the same manner
s done for the Auriga sat ellit es. Our fit takes the following form 

Fe/H] = −1 . 80 + 0 . 35 log 10 

(
M � 

10 6 M �

)
(B1) 

he equivalent for E. N. Kirby et al. ( 2013 ), taking the luminosity–
etallicity relation reported in their equation (3) and assuming 
/L V = 2 , is 

Fe/H] = −1 . 77 + 0 . 29 log 10 

(
M � 

10 6 M �

)
(B2) 

e compute each satellite’s offset from the relation (equation 

1 ) normalized by the reported scatter ( σscatter = 0 . 23 ). These are
hen dir ectly compar ed to the Class boundary definitions in Ta-
le B1 . The stellar masses, metallicities, offsets from the relation

n equation ( B1 ), and r esulting Class assignments ar e indicated in
able B2 . We note that Local Group satellites with detected tidal
ails are typically in Classes 3–5 (Sagittarius, NGC 147, And XIX,
nd XXI; R. Ibata et al. 2001 ; D. Crnojevi ́c et al. 2014 ; M. L. M.
ollins et al. 2020 , 2021 ), with some in Class 2 (Antlia II, Crater
MNRAS 546, 1–8 (2026) 

able B1. Properties of the different broad categories of disruption as- 
igned to individual satellites. We provide the Class number, boundary 
efinitions (see Section 4 and Fig. 4 ), the distribution of f bound for Auriga 
at ellit es, fraction of Auriga sat ellit es that are intact ( f bound > 0 . 97 , see 
 aper I , P aper II ), fraction of Auriga sat ellit es with f bound < 0 . 8 , and 
umber of Milky Way and M31 sat ellit es in this Class. 

lass Definition f Au 
bound F Au 

intact F Au 
< 0.8 N 

obs 
sat 

�[Fe/H] /σ ∈ 

 (−∞ , −1] 0 . 92 +0 . 07 
−0 . 46 0.38 0.31 5 

 (−1 , 0] 0 . 81 +0 . 18 
−0 . 43 0.21 0.47 17 

 (0 , 1] 0 . 39 +0 . 42 
−0 . 26 0.07 0.83 12 

 (1 , 2] 0 . 06 +0 . 05 
−0 . 02 0.00 1.00 3 

 (2 , ∞ ) 0 . 00 +0 . 01 
−0 . 00 0.00 1.00 2 

y 2026
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Table B2. Observational data (compiled by A. B. Pace 2025 ) presented in Fig. 3 along with the vertical offset from 

the mass–metallicity relation ( �[Fe/H]) and a Class indicating the pot ential lev el of (tidal) disruption experienced 
by the system (see the text in Appendix B for details). We also list r efer ences for each measurement, which 
correspond to the following citations: (1) A. P. Ji et al. ( 2021 ), (2) R. R. Muñoz et al. ( 2018 ), (3) J. D. Simon ( 2019 ), 
(4) G. Torrealba et al. ( 2016 ), (5) G. Vaucouleurs et al. ( 1991 ), (6) R. Carrera et al. ( 2008 ), (7) A. W. McConnachie 
( 2012 ), (8) M. C. Parisi et al. ( 2010 ), (9) A. B. Pace et al. ( 2020 ), (10) N. F. Martin et al. ( 2016 ), (11) E. N. Kirby et al. 
( 2020 ), (12) J. Wojno et al. ( 2020 ), (13) A. W. McConnachie & M. J. Irwin ( 2006 ), (14) M. L. M. Collins et al. ( 2013 ), 
(15) K. A. Kv asov a, E. N. Kirby & R. L. Beaton ( 2024 ), (16) L. R. Cullinane et al. ( 2024 ), (17) M. L. M. Collins et al. 
( 2021 ), (18) E. J. E. Charles et al. ( 2023 ), (19) J. C. Richardson et al. ( 2011 ), (20) C. T. Slater et al. ( 2015 ), (21) K. L. 
Rhode et al. ( 2023 ), (22) N. F. Martin et al. ( 2014 ), (23) E. N. Kirby et al. ( 2013 ). 

Name log 10 (M � / M �) [Fe/H] �[Fe/H] Class References 

Milk y Wa y sat ellit es 
Antlia II 6.13 −1.9 −0.15 2 [1,1] 
Canes Venatici I 5.73 −1.91 −0.02 2 [2,3] 
Carina 6.01 −1.8 −0.0 2 [2,3] 
Crater II 5.51 −2.16 −0.19 2 [4,1] 
Draco 5.78 −2.0 −0.13 2 [2,3] 
Fornax 7.59 −1.07 0.18 3 [2,3] 
Leo I 6.96 −1.48 −0.02 2 [2,3] 
Leo II 6.12 −1.68 0.08 3 [2,3] 
LMC 9.46 −0.5 0.1 3 [5,6] 
Sagittarius 7.63 −0.53 0.7 5 [7,3] 
Sculptor 6.54 −1.73 −0.12 2 [2,3] 
Sextans 5.72 −1.97 −0.08 2 [2,3] 
SMC 8.95 −1.0 −0.22 2 [5,8] 
Ursa Minor 5.78 −2.13 −0.26 1 [2,9] 

M31 sat ellit es 
Andromeda I 6.77 −1.51 0.02 3 [10,11] 
Andromeda II 6.92 −1.47 0.01 3 [10,12] 
Andromeda III 6.03 −1.75 0.04 3 [10,11] 
Andromeda V 5.95 −1.84 −0.03 2 [10,11] 
Andromeda VI 6.75 −1.5 0.04 3 [13,14] 
Andromeda VII 7.35 −1.37 −0.04 2 [13,11] 
Andromeda IX 5.69 −2.03 −0.12 2 [10,12] 
Andromeda XIV 5.69 −2.23 −0.33 1 [10,12] 
Andromeda XV 5.58 −1.43 0.51 5 [10,12] 
Andromeda XVII 5.35 −1.7 0.32 4 [10,14] 
Andromeda XVIII 5.9 −1.53 0.3 4 [10,15] 
Andromeda XIX 6.25 −1.5 0.21 3 [10,16] 
Andromeda XXI 5.81 −1.7 0.16 3 [10,17] 
Andromeda XXIII 6.14 −2.2 −0.45 1 [10,14] 
Andromeda XXV 5.87 −1.9 −0.06 2 [10,18] 
Andromeda XXVII 5.39 −2.1 −0.09 2 [19,14] 
Andromeda XXVIII 5.64 −1.84 0.08 3 [20,20] 
Andromeda XXIX 5.5 −1.9 0.07 3 [20,20] 
Cassiopeia II 5.33 −1.7 0.33 4 [10,14] 
Cassiopeia III 7.19 −1.7 −0.32 1 [21,22] 
Lacerta I 6.72 −2.0 −0.45 1 [21,22] 
NGC 147 8.17 −0.83 0.22 3 [7,23] 
NGC 185 8.18 −1.12 −0.08 2 [7,23] 
NGC 205 8.84 −0.92 −0.1 2 [7,23] 
Perseus I 5.78 −2.0 −0.13 2 [21,22] 
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nras/article/546/3/stag029/8417159 by guest on 27 February 2026
I, NGC 205; M. Geha et al. 2006 ; A. P. Ji et al. 2021 ; G. Limberg
t al. 2025 ; A. K. Vivas et al. 2025 ). 

We note that there are three M31 sat ellit es (M 32, IC 10, and
GS 3) brighter than M V = −7 . 7 omitted from our analysis be-
ause they lack literature spectroscopic metallicities in the com-
ilations we consider. The available isochrone or RGB colour
etallicities compiled by A. W. McConnachie ( 2012 ) suggest that

C 10 and LGS 3 are not candidates for heavy disruption under
NRAS 546, 1–8 (2026) 

Published by Oxford University Press on behalf of R oy al Astronomical Society. This is an Open
( https://creativecommons.org/licenses/by/4.0/ ), which permits unrestricted reuse, dis
ur framework (Class 1 or 2 depending on the adopted relation).
ow ev er, the available data for M 32 gives it a very high metallic-

ty ( [Fe/H] = −0 . 25 ; C. J. Grillmair et al. 1996 ) for its stellar mass.
his would place M 32 in Class 5, comparable to Sagittarius (see
lso I. Escala et al. 2025 ). 
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