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ABSTRACT

We present the first detailed quantitative study of the atgdopulations of the Sagittar-
ius (Sgr) streams within the Stripe 82 region, using photomend spectroscopic obser-
vations from the Sloan Digital Sky Survey (SDSS). The stamition history (SFH) is deter-

mined separately for the bright and faint Sgr streams, t@bdish whether both components
consist of a similar stellar population mix or have a distiodgin.

Best fit SFH solutions are characterised by a well-defineght tsequence in age-
metallicity space, indicating that star formation occdméthin a well-mixed, homogeneously
enriched medium. Star formation rates dropped sharply atggnof~5-7 Gyr, possibly re-
lated to the accretion of Sgr by the MW. Finally, the Sgr seqealisplays a change of slope
in age-metallicity space at an age between 11-13 Gyr cemsigfith the Sgrv-element knee,
indicating that supernovae type la started contributirthécabundance pattexi-3 Gyr after
the start of star formation.

Results for both streams are consistent with being drawn fhe parent Sgr population
mix, but at different epochs. The SFH of the bright streamsfeom old, metal-poor popula-
tions and extends to a metallicity of [FeAH0.7, with peaks at7 and 11 Gyr. The faint SFH
samples the older, more metal-poor part of the Sgr sequeiittea peak at ancient ages and
stars mostly with [Fe/H}—1.3 and age9 Gyr. Therefore, we argue in favour of a scenario
where the faint stream consists of material stripped ije&@dnd ii) from the outskirts of the
Sgr dwarf.

Key words. Galaxies: stellar content — Galaxies: formation — Galaxdeslution — Galaxies:
Local Group — Galaxies: Individual: Sagittarius — StardviG@liagrams

1 INTRODUCTION attempt has been made so far to infer star-formation andlmeta
enrichment histories of a disrupting (or fully undone) Haeesys-
tem. This is simply due to the low-surface brightness natfitbe
Galactic stellar halo sub-structure accompanied by higélseof
contamination from the disk and the rest of the halo. In this p
per we turn to the Sagittarius (Sgr) stream, the largest knewb-
structure in the Milky Way halo (see e.q. Belokurov 2013)céw-
ing to the most recent studies (Deason, Belokurov & Evand 201
Deason et al. 2014), the Sgr stream can easily contribdi@% of
the total luminosity of the stellar halo and it appears to thate
the faint Main Sequence Turn-off (MSTO) star counts in the re
gions of the sky falling within its orbital plane. Thereforee take
advantage of the large number of photometric and spectpasco
Sgr stream tracers available to carry out a first study of tisema-
bly history of a stellar system dispersed by tides.

The progenitor of the stream, the Sgr dSph galaxy was discov-
. : : : : . ered by Ibata, Gilmore & Irwin (1995) and to the present dagéo
the tidal debris to break degeneracies associated withatiedite the record of the nearest dwarf galaxy to the Milky Way (MVf), a

disruption modelling. . ; . .
Even though the concept of such archaeological measurement® distance ok15 kpc from the Galactic centre. With an estimated

. . . . : . total luminosity of~10° L, and its dark matter (DM) mass ofL(0°
has been the point of discussion for some time, in practioe, n ; © ) . -
pot IScuss! I " pract M, before infall, the Sgr dSph is the third most luminous and the

third most massive recognisable satellite of the MW, aftertarge
* E-mail: tdeboer@ast.cam.ac.uk and Small Magellanic clouds_(Niederste-Ostholt et al. 202M

The promise of Galactic Archaeology is that the physicaldéon
tions in the early Universe, at high redshifts correspogdmthe
initial bouts of the Milky Way (MW) formation can be gleaned
from studies of nearby stars in unrelaxed fragments of dtsllif
shredded satellites (see e.g. Freeman & Bland-Hawthorf)209
principle, if enough pieces of a destroyed dwarf galaxy can b
identified in the Milky Way halo and put back together, itsrsta
formation and chemical enrichment histories can all be meco
structed. Not only could this help to shed light onto the rextof
the abundance differences between the destroyed and thie-sur
ing MW satellites (see e.g. Tolstoy, Hill & Tosi 2009), busalto
understand the punctuation of the Galactic accretion iyisithe
latter is of course impossible without an idea of how and wihen
satellite destruction occurred. Luckily, changes in ctetmiand
star-forming activity can be matched to the structural prtps of
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array of studies spanning now almost two decades, showeththa
system is currently being accreted by the MW, undergoingreev
stripping due to the effects of Galactic tides (see a compend
of references ih Koposov etlal. 2015). It is now certain thiatrge
fraction of the stars belonging to Sgr have been strippea fitee
outskirts and the core to form large stellar streams wrapgiound
the Galaxy at least once. Note that according to the recedy stf
Belokurov et al.|(2014), the trailing tail extends furthban origi-
nally thought, increasing the total arc covered by the ddixeyond
2n.

To date, several different Sgr stream models have been
presented (e.g.. Fellhauer et al. 2006; Martinez-Delgdhdd
2007; [Law & Majewski [2010; | Pefarrubiaetal.| 2010;
Gibbons, Belokurov & Evans 2014). With various degrees of
success, these explain some, but never all, propertieg atteam.
What has muddled the picture of the dwarf disruption is the
co-existence of the Virgo overdensity (e.g. Juri€¢ et aD&0and
a significant portion of the leading tail around the North &#k
cap. Additionally, both leading and trailing tail appear lte
bifurcated into two distinct components__(Belokurov et €008;
Koposov et all 2012). The results of the 3D tomography of the
arc of the leading tail in the North presented|by Belokuroalest
(2006) and later verified by Yanny et al. (2009) seem to rutetlua
connection between the Sgr stream and the Virgo Cloud. Hexvev
the nature of the bifurcation of the Sgr tails remains colezka

Attempts have been made to identify clear differences in
the properties of the bright and the faint components of the
bifurcation (see e.g. Belokurov etal. 2006; Yanny etal. 200
Niederste-Ostholt et al. 2010; Koposov et al. 2012; Sldtatle
2013). All studies agree that the distances and the linggbft
velocity match nearly perfectly, albeit with small but reatable
deviations. With regards to chemistry, on the other handreth
is a good deal of dispute. For example, according to Yannl/ et a
(2009), there is no obvious disagreement between the rspeifa
ulation compositions of the bright and the faint componefithe
leading tail bifurcation. This is contested by Koposov e{2012),
who with the help of photometric metallicities argue for fres-
ence and the lack of a strong metal-rich component in thébaigd
faint streams correspondingly, in both leading (in the Npend
trailing (in the South) tails. Note that, the only plausiliigerpreta-
tion of the bifurcation which has not been completely ruledio-
vokes a rotating, disky Sgr progenitor (Pefarrubia etGl03. Any
metallicity differences between portions of the streamtbanefore
be easily compared to the models of disrupting disks witliséa
[Fe/H] gradients.

Given its large estimated total mass prior to disruption,
Sgr is an excellent laboratory for studies of star formation
systems at the upper end of the MW dwarf galaxy mass dis-
tribution. Accordingly, metallicity across the face of them-

[Fe/H]=-1.3, consistent with chemical enrichment in a massive
dwarf galaxy|(de Boer et al. 2014).

Studies of the full colour magnitude diagram (CMD) of Sgr

in the main body have been used to place limits on the age and
metallicity of its stellar populations using comparisorighwetellar
tracks and isochrones (Bellazzini etlal. 2006a, 2008). Keweo
detailed modelling of Sgr CMDs has yet been done, to determin
guantitative star formation rates of individual stellapptations.
It is only a complete modelling of the distribution of stelf@opu-
lations present in the CMD that can determine the detailedde
tion history of Sgr, including the presence of distinct $tamation
peaks and the width of the stellar population locus in agenaetzl-
licity space as induced by inhomogeneous mixing.

This is indeed the focus of our work: to study the detailed
star formation history (SFH) of the Sgr stream in the Stripeeé
gion, using data from the SDSS Data Release 10 (Ahn et al)2014
and the Sloan Extension for Galactic Understanding and d=xpl
ration (SEGUE). Deep, MW foreground corrected CMDs will be
used to determine the stellar population make-up of theustri@
comparison to the populations of the parent Sgr galaxy. \lisaut
deep co-added photometry of the extensively covered S&e
region to determine the photometric completeness of thglesin
epoch SDSS catalogs, allowing us to accurately model therobds
CMDs (Annis et all 2011). Furthermore, spectroscopic rieial
ties of individual stars are directly used in combinatiorihathe
photometry to break the age-metallicity degeneracy andigeo
additional constraints on the age of the stellar populati@s de-
scribed in_de Boer et al. (2012a). We determine the detailed S
for the bright and faint streams separately, to determingoth
stream components consist of the same population mix okif th
constitute two different streams.

The paper is structured as follows: in secfidbn 2 we present th
selection of Sgr stars from the photometric SDSS surveyvitié
foreground correction applied and the photometric corepless
determination. The determination of the spectroscopicahiaty
distribution of the Sgr streams is described in Sedtion 8tiGe4
describes the determination of the SFH and discusses thdispe
of fitting Sgr CMDs. The detailed SFH of the bright Sgr stream i
presented in Sectidd 5, followed by the SFH determinatiothef
faint stream in Sectiof] 6. Finally, Selt. 7 discusses theltseesb-
tained from the comparison of both stream components aricithe
plications from the SFH for the formation history of the S&pth.

2 SGR PHOTOMETRIC DATA

To obtain accurate photometry of the Sgr stream in the Southe
Stripe 82 we make use of SDSS Data Release 10 (Ahnlet al. 2014).
SDSS covered a wide area of the Sgr stream in the Southern hemi

nant and along the streams have been scrutinised. For exam-sphere, with a 275 déglegree region (equatorial Stripe 82) in par-

ple, [Bellazzini et al.|(2006b), based on the distributionstsrs

on the horizontal branch within the main body and the stel-
lar streams determine that Sgr displays a population gnadie

as a function of radius, similar to what has been observed in
other LG dwarf galaxies. Studies of individual RGB starshivit

the stream and dwarf galaxy have revealed that Sgr is a metal-

rich system with stars reaching close to solar metalligitie
the very centre (e.g., Monaco ef al. 2005; Sbordone! et al7;200
Carretta et al. 2010; McWilliam, Wallerstein & Mottini 2013 he
spectroscopi@-element distribution is characterised by a plateau
at low metallicities followed by a distinct-element "knee” at

ticular being covered during numerous epochs. This regias w
covered during multiple runs resulting in deep co-addedlogs
of stars reaching:2 magnitudes fainter than the SDSS single pass
data [(Annis et al. 2011). This extra depth is crucial for SHidlg-
sis, as we can assume that the co-added catalog constitLG8@a
complete sample at the faintest magnitudes probed by spagie
data. Therefore, a comparison between both catalogs casdoke u
to estimate the photometric completeness in SDSS Stripa&g d
a critical component of synthetic CMD analysis.

We select our Sgr photometric sample by making use of
the prescriptions of Majewski etlal. (2003) to transform aqu
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Figure 1. Spatial coverage of the photometric and spectroscopicreditiens across the Sgr stream around SDSS Stripe 82, iecragbrdinatesa) and in
coordinates aligned with the Sgr streah).(The greyscale density plots show the density of stars<(P-10.45, 20.&i<21.5) while the red points show
the coverage of spectroscopic metallicities. Green lindcate the extent of SDSS Stripe 82, while red and blue limdisate the selection we adopt for the

bright and faint stream respectively.

rial ra and dec coordinates into heliocentrg,B, coordinates
that are aligned with the Sgr stream. Following the nhomencta
of|Belokurov et al.l_(M4)&> increases in the direction of Sgr mo-
tion andB,, points to the North Galactic pole. Figurk 1 shows the
density of main sequence (MS) stars in a region around S&2pe
in ra, dec coordinates and coordinates aligned with the tBegrs.
Over-densities corresponding to the bright and faint Sgasts are
visible in Figurel, highlighted by red and blue lines regivety.
We combine these spatial cuts with the extent of Stripe 82efyr
lines in Figurd 1) to select our photometric sample of thetBight
and faint streams.

Due to the close proximity of the stream, there might be over-
lap between the bright and faint streams. To determine tleetef
of this overlap, we calculate the fraction of stars from ofmean
contained within the spatial selection of the other straamer the
assumption of Gaussian density distributions. We derivensamm-
ination fraction of the bright stream within the faint stnreaegion
of 4%, which is large enough to be noticeable in the CMD. On the
other hand, the contamination fraction of the faint streamthe
bright stream is negligible at 0.05%. Following these clatians,
we correct for the contamination effect on the faint strebyrsub-
tracting the weighted CMD of the bright stream.

The CMDs determined in this way will contain stars of the
Sgr stream as well as stars belonging to the MW at a wide raihge o
distances and colours. These stars will contaminate theCStp
and will be incorrectly fitted during the SFH determinaticging
models at the distance of Sgr, leading to anomalously oldoand
metal-rich populations in the SFH solution. To correct fu pres-
ence of these contaminants, we correct the photometric CDs
subtracting a representative comparison CMD containingtiyno
MW stars. To select an appropriate correction region weidens
that the MW is, to first order, symmetric around the Galactamp
and select stars from SDSS with the same Galactic longitutie b
latitude mirrored with respect to the Galactic plane. Iis thay we

obtain a correction region containing the appropriate nfiisk
and halo stars present at the Galactic longitude and latidfidur
Sor fields.

For the deep co-added photometry, we are constrained solely
to data from Stripe 82 and therefore we cannot use a mirratahp
of sky in the foreground correction. Instead, we select airege-
tween—-10<ra<0 degrees within Stripe 82 for our decontamina-
tion field. This field corresponds to similar galactic lati¢uas our
stream fieldsdb<5 deg) but significantly different galactic longi-
tude ¢1>75 deg for the bright stream). Therefore, the stellar pop-
ulation mix of the MW foreground region is likely not the same
as in our stream regions. To obtain an optimal subtractid\df
foreground halo stars (displaying similar colours as stréSTO
stars), we apply a colour shift to the foreground CMD befare-s
tracting it from the stream CMD. The colour shift is derivegd b
comparing the median-g colour of MW halo turnoff stars in both
CMDs using a selection box with O<g—i<0.5, 18<i<19.5.

The Stripe 82 samples of Sgr stars span a total range20f
degrees of angle along the stream. The stream displaysaanckst
gradient of~5 kpc across this range, corresponding to a sizeable
distance modulus difference of 0.35 mag. To correct for ¥his-
ation of distance along the stream, we determine the distahc
the bright and faint stream based on CMD distance indicatach
as BHB, red clump (RC) and sub-giant branch (SGB) stars. Dis-
tances determined for both streams agree within the uncées

with literature distance determinations lby NiederstehOlstet al.
(2010):| Koposov et al! (2012). We correct for the presencthef

distance gradient along both streams by interpolating thtarmtce
to each star in our sample and shifting it up or down in the CD t
a reference distance modulus of 17.5 mag (31.6 kpc) for tigitor
stream and 17.0 mag (25.1 kpc) for the faint stream, correbpo
ing roughly to the observed distance to the stream withiip&82.
Finally, to correct for the effect of dust extinction we alssed ex-

tinction maps of Schlegel, Finkbeiner & Davis (1998) to detiae
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Figure 2. Comparison between extinction corrected single-epoch SDS Figure 3. Same as Figuid 2 but for the faint Sgr stream.

photometry (upper panel) and co-added photometry (midaltel for the

bright Sgr stream. Greyscale Hess diagrams show the deriistsrs in the

CMD while the coloured points show spectroscopic obsesmatof stream MS, SGB and lower RGB are clearly visible and traced by model
stars with colour indicating the metallicity. Several refece isochronesand  jsochrones at the distance of Sgr.

HB tracks are also shown, corresponding to metal-poor (lprefH]=-2.0,

age=13 Gyr), intermediate (green, [Fe/H]=-1.5, age=12 &yd metal-rich

populations (orange: [Fe/H]=-0.8, age=8 Gyr, red: [FeAd]3, age=5 Gyr)

within Sgr. The photometric completeness is shown in théobopanels, 3 SGR SPECTROSCOPIC DATA

calculated by comparing the single-epoch and co-added data . .
To obtain our Sgr spectroscopic sample, we make use of the

SEGUE survey, which obtained medium-resolution spectsiarb

the extinction toward each individual star within our saenphd covering a large portion of the sky, including many fields -con
created extinction-free CMDs. The same distance and extinc sistent with the Sgr strea@@ow). The [Fe/H] an
correction procedure is also applied to the MW correctianga [a/Fe] ratios for individual stars have been determined thnode-
before subtracting it from the stream samples. tailed synthetic spectrum fitting using the SEGUE StellaraRa

The resulting MW corrected CMD of the bright stream is dis-  eter Pipeline (SSPP, Lee et lal. 2008a.b; Allende Prietd 20ai8;
played in Figurd 2. The deep co-added CMD for each region is [Smolinski et al. 2011; Lee etlal. 2011). To select our samp&go
also shown as well as the photometric completeness regfiitm stars, we initially select stars based on their position e gky,
the comparison of both catalogs. Additionally, Figlire 3vekithe in the same way as the photometric sample. Additionally,imé |
same CMDs and completeness for the faint Sgr stream. The Sgrour sample to stars with robust stellar parameters and almeed
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Figure 4. The metallicity distribution function of the bright andfaistream
as obtained from spectroscopic observations. The top [stwoels the nor-
malised MDF, while the bottom panel shows the MDF in cumuéatorm.

using S/N:50 as well as spectroscopically confirmed giants using
log 9<3.5, 430&Tr<6000 K.

To reduce contamination from MW stars in the spectro-
scopic sample, we exploit the fact that the Sgr stream dis-
plays a clear signal in thé, vs line-of-sight velocities ¥sg
plane (Belokurov et al. 20114). In this plane, the Sgr-stresians
form a narrow sequence in each hemisphere, with velociies d
tinct from the MW. We use these sequences to refine our sam-
ple by selecting only stars consistent with the Sgr signalfuf-
ther decontaminate our sample we determine the distandedito
vidual stars. Distances are obtained by selecting isoehpmints
with the correct gi colour, and shifting their i-band magnitude
to match the observations. We make use of the age-metallicit
relation of Sgr globular clusters to determine the correm at
each metallicity|(Forbes & Bridges 2010). Subsequently,paee
our sample by keeping only those stars with distances consis
tent (to within 10 kpc) with the literature distance deterations
to different branches of the stream from different distainckca-
tors (Niederste-Ostholt etlal. 2010; Koposov et al. 2012)alfy,
we shift the spectroscopic stars of this sample accordiaiy this-
tance to the same reference distance for the bright anddfizédam
as adopted for the photometric samples.

The sample of stars obtained in this way are displayed in Fig-
ure[d as red points. In this work, we focus on SDSS Stripe 82 and
therefore we only select those stars within the green lindsig-
ure[d. The stars in the spectroscopic sample are overlaidhen t

5

CMD in Figures[2 andl3 with colours representing the spectro-
scopic [Fe/H] abundance. The stars from our spectrosc@ic s
ple form a clear RGB as a continuation of the MS, SGB and RGB
branches seen in the photometric CMD. Furthermore, a cletalm
licity trend is visible in the CMD, consistent with the evtan of
stellar populations in a relatively isolated system, iatlieg that
our sample indeed consists of likely Sgr members.

To obtain a representative metallicity distribution func-
tion (MDF) for each stream, we must also take into account the
spectroscopic sampling efficiency of SDSS/SEGUE, which con
sists of different surveys with different depths and tasgbé¢ctions.
Therefore, we correct for the completeness of spectroscsipi's
as a function of position in the CMD. For each SDSS plate we
take all stars (including MW foreground) with SDSS photomet
and all stars with spectroscopy, by sampling the area of eagkt
plate (with radius 1.49 degrees). Those two samples aretimm
the CMD space and the ratio of the two CMD densities tells as th
completeness of the SDSS spectroscopy relative to the ipledty
, which is assumed to be complete at the sampled magnitudes.

These completeness measures are then used to weight the im-
portance of each star in the observed MDF for the bright aimd fa
streams. Finally, we also correct the spectroscopic MDR®fdint
stream for the effect of contamination from the bright stnedy
subtracting a weighted bright stream MDF as outlined inisef.

The spectroscopic MDFs obtained in this way are shown in Fig-
ure[4, highlighting the differences between both strearhe. du-
mulative MDF clearly shows that the faint stream is compaosied
more metal-poor populations than the bright stream, witioat no
stars more metal-poor than [Fe/H]6.9.

4 SFH METHOD

The SFH of the Sgr streams will be determined using the reutin
Talos, which employs a synthetic CMD method (e.g., Tosi et al
1991; | Tolstoy & Saha 1996; Gallart et al. 1996; Dolphin 1997;
Aparicio, Gallart & Bertelli 1997). This technique determas the
SFH by comparing the observed CMDs to a grid of synthetic CMDs
using Hess diagrams (plots of the density of observed stakihg
into account photometric error and completeness. UnigUelyps
simultaneously takes into account the photometric CMD dbkage
the spectroscopic MDF, providing direct constraints onrttetal-
licity of stellar populations to obtain a well-constrain8é&H. We
refer to de Boer et al. (2012a) for a detailed descriptiorhefrou-
tine and performance tests.

To determine the SFH of Sgr, we assume a wide range of
possible ages and metallicities to avoid biasing the smiuby
our choice of parameter space. For the metallicity, a lowsit |
of [Fe/H]=-2.5 dex is assumed, which is the lowest available in
the Dartmouth library used in this work (Dotter etlal. 2008)e
do not expect this to lead to a bias in the SFH results sincg ver
few stars in Sgr are expected to have low metallicities. An up
per limit of [Fe/H]=0.3 dex is assumed for the metallicityskd
on spectroscopic measurements of the metallicity in cehtrdy
of Sgr (Smecker-Hane & McWilliamy_2002; Carretta etlal. 2010;
McWilliam, Wallerstein & Mottini |2013). Thea-element abun-
dance of the isochrones used is varied with metallicity ediog
to the observedd/Fe] distribution of the Sgr stream, ranging from
[a/Fe]=0.2to [¢/Fe]=0.4(de Boer et &l. 2014). For the age limits,
we assume a maximum age of 14 Gyr for the age of the Universe
and considered a range of ages between 0.25 (the youngest age
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Figure 5. Full SFH solution as a function of age and metallicity for brght Sgr stream within Stripe 82. Left panels show the timtuderived from single-
epoch photometric data, with and without MDF fitting, whileetright panels shows solution derived from deep co-addé&l dae age and metallicity of
globular clusters associated to the Sgr stream are alsanslasvdetermined from deep CMD studies (Forbes & Bridges 2aidreferences therein).

available in the isochrone set used) and 14 Gyr old, with fotmi and without fitting the MDF are shown in the bottom and top pan-
bin size of 0.5 Gyr. els respectively, to highlight the differences in the SFeloagated
The SFH is determined using the (i;iy CMD to make use of to the constraints from the spectroscopic MDF. The star &ion
a large dynamic range in the CMD while sticking to the welldstu rate (SFR) is normalised by spatial extent using a total af88.4
ied g and i bands. The SFH fitting is restricted to the MS anetlow  ded for the bright stream as shown in Figlide 1.
RGB regions, using CMD limits 0f0.3<g-i <1.3 and 1&i<22 By projecting the SFR values onto one axis we obtain the SFR
for the bright stream and0.3<g-i <1.3 and 17.ki<21.5 for the as a function of age (SFH) or metallicity (chemical evolntius-
faint stream. The bright magnitude cut excludes the heawoly tory, CEH), which are shown in Figulé 6. The error bars ingithe
taminated upper RGB and MW thick disk regions, while thetfain uncertainty on the SFR as a result of different CMD and patame
end of the CMD is truncated to avoid fitting the SFH in regions grids (as described in de Boer et al. (2012a)). The SFH and CEH
where the photometry becomes less reliable in SDSS dat&igee  display the rate of star formation at different ages and hista
ure[2). ties over the range of each displayed bin in units of solarsrpas
year or dex respectively. The total stellar mass in thissedf the
stream can be computed by multiplying the star formatioasaly
the range in age or metallicity of each bin and multiplyingthg
5 STAR FORMATION HISTORY OF THE BRIGHT total spatial area.

STREAM To assess the goodness of fit of the SFH solutions, Flgure 7
shows a comparison between the observed and synthetiei}i, g
CMDs of the bright stream for the single-epoch data (leftghsin
and the deep co-added data (right panels). The middle atahibot
panels of Figur€]7 show the fit residuals in each bin in terms of
Poisson uncertainties. Furthermore, the goodness of fisdlsanbe
assessed by comparing the metallicities of stars in theflieEH
model on the upper RGB to the observed MDF as shown in Fidure 8
with and without MDF fitting.

The star formation history of the Sgr bright stream is detius-
ing the single-epoch SDSS data presented in Figlire 2. The SFH
solution is obtained both with and without fitting the spestropic
MDF, to assess the effect of the MDF constraints on the dérive
stellar populations. Furthermore, to study the effectsat@djuality
and depth on the SFH, we also make direct use of the deep emtadd
photometry available in SDSS Stripe 82. Therefore, we a¢derd
mine the SFH from the co-add photometry for the bright stream
under the assumption that the photometry is 100% completa do
to the faint CMD limit of i=22.

Figure[® shows the SFH solutions as obtained from both
the single-epoch (left panels) and deep co-added SDSSmheto  The SFH solutions derived from single-epoch photometigvalis
try (right panels) for the Sgr bright stream. Solutions oisté with to study the Sgr stream populations using data of a depth welel g

5.1 Single-epoch data
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Figure 6. Star formation rates projected onto age (star formatiotohjisleft) and metallicity (chemical evolution historyght) of the bright Sgr stream.
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ity as found throughout the SDSS survey. In this way, we cadyst also visible, which might be linked to stellar populatiortstdi the

the formation history of Sgr with a precision which can also b  red foreground stars seen in Figlie 7.

achieved at different angles along the stream within SDSS. The best-fit SFH solution for the Sgr bright stream is char-
acterised by a well-defined sequence in age-metallicitgesisee

To assess the goodness of the derived fit, we compare the Ob'FigureB) starting from old, metal-poor populations ([FB/H2.5,

S‘?”’ed and synthgtlc CMDs of the bright S”e?m n the lefefmaf agev14 Gyr) and extending to intermediate age® (Gyr) with
Flgur.e[]. Comparlsor} between these CMD.S indicates thatl%hb S high metallicities ([Fe/H]=0.7). This sequence is relatively nar-
solutions shovyn in Figured 5 ahd 6.COHStItL.Jte. an °Yera”.9“1°d row, indicating that Sgr experienced metal enrichment umele

O.f the data, with CMD.S Iarge_ly con5|sFent W'th'F‘ 3 sigma INSNo atively isolated conditions without strong inhomogeneaonix-
bins for both the solutions with and without taking .|nto th®M ing. The sequence of Sgr populations displays a change pé slo
The synthetic CMPS cor.rectly reproQuce all evolutionargtéees in age-metallicity space at an agk2-13 Gyr and metallicity
in the Iower_CMD, including the location and spread of the NZIJST_ [Fe/H]~—1.5. The location of this change in slope of the age-
SGB and faint R.GB as well as the presence of younger popuatio metallicity relation (AMR) is roughly consistent with thatt the a-
above the nominal SGB. However, Figlife 7 also shows features element knee observed by de Boer étlal. (2014), indicaticgild

thatl(cjzlcl))nofgtfltt as W.Z”’ Sll;Ch as the dprz:sence(;)f rted RGE\?E?WN be linked to the onset of supernovae type la contributinghto t
could be fit to residual foreground stars and stars red- 0 metal enrichment of Sgr.

faint MS.
To compare the results obtained for the Sgr stream in Stépe 8

Comparison between the derived synthetic MDF for each so- to results for Sgr across a wider spatial range, we compargéid
lution (see Figurdl8) and the observations shows a good fit for t0 the stellar population parameters of 11 globular cles(&Cs)
the solution with MDF fitting, which is expected since the MDF associated to the Sgr stream, as determined from very dedp CM
was used directly as an input. For the solution without MDF fit ~studies|(Forbes & Bridges 2010, and references thereirg.abje

ting, the best-fit model is broadly consistent with the otzstions, and metallicity (and uncertainties) are shown as largeesrwith
with the mean peak at similar metallicities. However, thstriti error bars overlaid on the Sgr stream results in Fiflire 5.sEre

bution of more metal-poor stars is much broader than therebse guence traced out by Sgr populations is consistent with anarp-
vations, extending all the way to [Fe/H}2.3 instead of peaking eters determined for the GCs indicating that the SFH ohtklireze

at [Fe/H]=-1.5. The origin of this excess of metal-poor stars in iSindeed a good representation of Sgr populations.

the model is not clear, but could be related to the similabity Results obtained with and without the spectroscopic MDF fit-
tween metal-poor models in the CMD at the MSTO level, leading ting show an overall good agreement in recovering the same se
to a smearing out of metallicity information. Furthermdtés also guence in age-metallicity space. However, the SFH resutteowt
possible that these stars are present in the Sgr streamptoiutly including the MDF show the presence of very metal-rich papul

sampled in the observed MDF. A slight excess of metal-riatsst tions ([Fe/H}E-0.3), which are not recovered in the spectroscopic
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Figure 8. Normalised metallicity distribution function (as sampled the
bright RGB) for the Sgr bright stream from deep co-added)(@myal single-
epoch (bottom) photometry, with and without MDF fitting inettSFH
derivation. The observed MDF is shown as black lines, wiiike liest-fit
result from the SFH derivation is shown in red and blue fousoh re-
spectively with and without MDF fitting. The green line indies the MDF
derived without MDF fitting after applying a cut on the possimetallic-
ity of stream member stars. The error bars indicate the tainges on the
MDF due to uncertainties on the SFH for the model and due tesBai
errors for the observations.

metallicities of stream stars at this location on the skye Ted ref-
erence isochrone in Figulé 2 traces the location in the CMb®f
metal-rich populations seen in Figlide 5 and shows thesaeoai
sistent with the observed upper RGB of Sgr if given a significa
SFR. Therefore, these populations are likely the resulttohdi
to red excess foreground stars and do not represent gengme S
populations. To assess the effect of these population osythe
thetic MDF, the green, dotted line in Figurk 8 shows the sstith
MDF as obtained without including stars with metallicitie#sove
[Fe/H]=-0.3. This MDF provides a better fit to the observed MDF
at high metallicities, while metal-poor stars are stillesgmt over a
wide range of metallicities.

The SFH as a function of age and metallicity shows that Sgr
displays high SFR across a large range of ages, with se\aniabis
of increasing and decreasing SFR. Below an agesdbyr the SFR
declines rapidly, indicating the end of star formation ia frart of
Sgr associated to the stream at this location. This mightlaged to
the accretion of Sgr by the MW, which is expected to strip tvard
galaxy of its remaining gas and truncate star formation. Siakbar
populations in the Sgr stream span a range of metallicityéet

[Fe/H]~-2.5 and [Fe/H]=0.5 without a strong peak at metal-poor
metallicities seen in many other dwarf galaxies (€.9., der@b al.
2012¢&.b). This lack of a dominant metal-poor component triigh
related to the large mass of Sgr, resulting in efficient mesaich-
ment at early times or this section of stream being strippau the
more central parts of the progenitor, dominated by more lanigta
stars.

The distinct periods of star formation in Figurigs 5 did 6
as constrained using stars from the bottom of the CMD are in
good agreement with evolved population features in thehbrig
CMD (RGB, HB and RC). The position and slope of the RGB as
traced by the isochrones shown in Figlite 2 agrees with the spe
troscopic metallicities shown in Figucé 2. This indicateattthese
populations provide a good fit to both evolved and non-ewblve
CMD indicators. Results obtained with and without MDF fittizre
consistent within the errors, except for the presence of netal-
rich populations in the solution without spectroscopic MDF

5.2 Deep co-added data

Due to the better quality of the deep SDSS co-added data, we
achieve a higher S/N of the Sgr stream and smaller photanetri
errors at the level of the nominal MS turnoff (see Figure 2)isT
allows us to determine the effects on the SFH related to théhde
and data quality of SDSS photometry.

The CMD residuals in the right panels of Figlile 7 once again
show an overall good fit of the synthetic CMDs for both the so-
lutions with and without taking into account the MDF. Howeve
a strong positive residual is present at~@i3, which is consis-
tent with the blue edge of the CMD area affected by MW fore-
ground contamination. Therefore, this residual could bee rés
sult of a different population mix between the stream ane-for
ground regions, which do not sample identical Galactidudg
and longitude within Stripe 82. Furthermore, the sharp leldge
of the residual could also indicate a difference in extmtnot
accounted for in dust maps or different photometric erretritiu-
tion. Furthermore, the CMD residuals also show the presefce
several populations clearly inconsistent with the maiuoof Sgr
stars, such as fits to very red foreground stars or blue BSS. sta
These populations show up as low level SFR in Fifilire 5 as metal
rich ([Fe/H]<—0.3), old populations or stars with very young2(
Gyr) ages.

The SFH as obtained from the deep co-added data is overall
in good agreement with the SFH obtained from single-epoth. da
The well-defined sequence in age-metallicity space is dkible
in the co-added data and consistent with the shallower ddia.
sequence appears more defined and narrower in the deep photom
etry, due to the better data quality, resulting in better eag®lu-
tion. Comparison between the deep and shallow data showthéeha
single-epoch SDSS data quality is sufficient to correcttyver the
age-metallicity relation of the Sgr stream, giving furtbenfidence
to the results of Sectidn 3.1.

The SFH projected on age and metallicity also shows simi-
lar features as seen for single-epoch data in Figlire 6, witng
star formation from ancient times-10 Gyr) and a strong decline
in SFR at~6 Gyr ago. Results obtained with the inclusion of MDF
fitting for both single-epoch and co-added data show peagismat
ilar times in Figuré b consistent within the uncertaintigéhough
results from co-added photometry are shifted slightly tteobges.
The co-added SFH shows a drop in SFR around an age of 9 Gyr,
which is not reproduced in the top panels of Figure 6. The most
likely explanation for this is the difference in data qualietween
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Figure 9. Full SFH solution as a function of age and metallicity for tamt Sgr stream within Stripe 82 (see Figlife 1), with anchaitt MDF fitting in the
SFH derivation. Left panels show the solution derived frangle-epoch photometric data, while the right panels shavlstion derived from deep co-added
data.

both datasets, resulting in a worse age resolution in thglesin the stream, using a spatial area of 24 %dfay the faint stream in
epoch data and smoothing out the SFR peaks to fill the gap at 9 Stripe 82. Furthermore, Figufe]10 shows the results for fid S
Gyr. Furthermore, this feature might also be related to ttoadb and CEH by projecting the SFR onto age and metallicity respec

SGB in FigurdY, showing gaps in the density distributionfdyn tively, in units of solar mass per year and dex respectively.
tunately, this rggion o.f the CMD suffers from poor MW foregnal Comparisons between the observed{i)@MD and the best-
decontamination, which may affect the SFH results. fit CMD obtained from the SFH are shown in Figlirg 11 for each

region, along with the residual in each bin in terms of Paissio-
certainties. To further asses the quality of the fits, Fififshows
the observed MDFs on the upper RGB in comparison to the syn-
thetic MDFs inferred from the SFH solution with and withoubid
fitting. Once again, for the solution including spectroscddDF
To study the properties of the faint Sgr stream, we emplogémnee fitting, the good fit is expected given that the MDF is used pstn
procedure as used in Sectian 5. To compare the resuits oditfte f The CMD residuals indicate that the SFH solution produces
stream to tho§e of.the b“?lht stream, we use the same range Ofan overall good fit of the observed CMDs, without any obvious
stellar populations in the fitting with the same age and rtetal systematic residuals. The synthetic CMDs reproduce the M5 a
ity resolution. The faint stream SFH is fit using the (5ipCMD, MSTO at the right location and produce an SGB and lower RGB
with the same CMD limits as assumed in the fitting of the bright ,nsistent with the observed CMD as sampled from both photo-
stream. However, due to the lower number density of starként  eatric and spectroscopic stream members (see Figure 3)tDue
faint stream, the colour and magnitude bin size has beenlebub e |ower intrinsic signal of the faint stream, the samplafghe
to achieve enough signal in each CMD bin. The fitting routineed  gig|jar evolution features is less than for the bright streleading
again makes use of completeness information based on thgacem (4 greater uncertainties in the SFH. Furthermore, thersisager
ison between deep co-added and single-epoch photomettp&ss  effect of incomplete MW foreground correction, especiailsible
in Figure[3. red-ward of the nominal MSTO and SGB+g-0.8, ~20.5). There-
fore, Figurd ® shows the presence of more anomalous popnsati
with higher metallicities and older ages (driving isoctesrto red-

6 STAR FORMATION HISTORY OF THE FAINT
STREAM

6.1 Single-epoch data der colours) compared to the Sgr stellar population sequenc

The best-fit SFH solution for the faint Sgr stream is shownig: F The SFH results presented in Figulés 9 10 show that the
ure[9 as a function of age and metallicity. Figlire 9 also shitws Sgr faint stream displays a sequence in age-metallicitgespan-
solution as obtained without fitting the spectroscopic MDRe ilar to that observed in the bright stream (see Fidure 5)s B

SFR values are normalised by the spatial area of each re@ion o quence is also compatible with the age-metallicity relatimced
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out by GCs associated to the Sgr dwarf galaxy, although thé fa

6.2 Deep co-added data

stream does not sample the same extent of the sequence as the

bright stream. Instead, the faint stream samples the ofdere
metal-poor part of the sequence, being comprised mostlyao$ s
with [Fe/H]<-1 and age9 Gyr. This is also visible in Figufe10,
showing that star formation peaks at ancient ages.

The SFH results obtained with and without MDF fitting both
trace the same age-metallicity sequence. However, the 8BKip
the solution without MDF fitting is strongly peaked at mepaler
metallicities and is more spread out in age-metallicitycepthan
the solution with MDF fitting. Comparison to Figurel11 showatt
the solution without MDF indeed displays a dominant blue SGB
and RGB consistent with metal-poor, old populations, wkiie
MDF fit produces a redder RGB and SGB due to more metal-rich
populations. Furthermore, best-fit models without MDF leisua
wide range in colour at faint magnitudes, with fits to starsoas
ated to MW halo contamination. Due to the sparse samplingeof t
evolved features in the CMD and the strong MW contaminatien i
unclear which of these solutions fits the CMD best. Deeper GMD
or wider angle along the stream are needed to increase thefS/N
the stream signal to unambiguously determine the presdricese
features.

To obtain a better picture of the faint stream stellar pojuhes, we
once again make use of the deep co-added photometry of 8&ipe
Due to the deeper data we achieve a higher S/N not only for the
MS region of the CMD but also for the MSTO and SGB regions,
crucial for disentangling the ages of the stellar popuratio

Figures® anf 10 present the best-fit SFH solution for the fain
Sgr stream from co-added photometry. The SFR as a function of
age and metallicity is shown in Figuré 9 in comparison to leing
epoch results, while FigufeTL0 displays the SFR projected thre
age and metallicity axes respectively. The comparison éetvob-
served and synthetic CMD is shown in the right panels of Figidr
for the solution with and without MDF fitting, along with ag$o
ated residuals. Additionally, the comparison between eskeand
best-fit MDFs is shown in Figufe.2.

Comparison between the single-epoch and co-added CMDs in
Figures11 shows that the MW foreground contamination iatfyre
reduced around the MSTO/SGB region, leading to a bettermete
nation of the ages of the faint stream populations. Simdaesults
obtained for the bright stream, systematic residuals asiblei in
Figure[I1 above the nominal MSTO and at the faint edge of the
CMD, for both the solutions with and without taking into thebi¥.

The location of the positive residuals coincides with aoagif the

Comparing the results from FigurEs 5 did 9 shows that both CMD strongly affected by MW foreground correction. Due te th

the bright and faint stream in Stripe 82 are drawn from theesam
stellar population mix present elsewhere in the stream aritd
progenitor. However, the populations in the faint stream raot
consistent with those of the bright stream, arguing in faafua
scenario where the faint stream consists of material sddpom
the outskirts of the Sgr dwarf at an earlier epoch.

limited choice of foreground region available within theegdeco-
added data, it is likely that the MW stellar population invee¢n
the foreground and stream regions is not fully consistehigkvcan
account for the residuals in Figurel11.

The SFH of the faint stream as obtained from the co-added
data is consistent with the single-epoch SFH shown in Fif@re



12 T.J.L. deBoer, V. Belokurov and S. Koposov

17.5 80

15 [BsSingle edoen™ = - Ve [OEstad ATl
185 [ - e B A 40 185 [ .. - 4H s0
19 | i 4 50 19 | s 14 s0
- 195 | 2 . z - 195 F [ = 1H 40 =
20 an 1 20 20 - 48 30
205 | —r-l__ - . 10 205 | 1B 20
o1 | E- 3 21 [ 1H 10
ors L PR BES . d0 215 L 1
02 0 02040608 1 12 02 0 02040608 1 12
g-i g-i
Y FhasdtmabEd T Al RSPV IR [
185 [ A *° 185 [ 1H eo0
19 - - ] 30 19 - ] 50
~ 195 | L . z - 195F _:_. JH 40 =
20 | = 18 2° 20 48 30
205 | = - M 205 | 1B =0
21 | g . 21 | 1B 10
215 [ ] 0 21.5 i . 0
02 0 02040608 1 1.2 02 0 02040608 1 12
g-i g
" FResiualioF |_ACDRE ; 1 P ResbuaioF fi e e {5
185 [ _ .:I._.- =40 3 5 185 b - . . g/?;
19§ E- 1H1E 19 " . = dH 1 E
- 195 e e | R c H o €
205 = = 05 % 205 o
21 1M 4 21 10 4
215 L 18 5 215 18 5
02 0 02040608 1 12 02 0 02040608 1 12
g-i g-i
" Flasctmamora T Al > " Fhasctmanok e Al oo
185 A *° 185 F IR eo0
19 [ JH 50 19 [ 1H s0
- 195 | [ . z - 195 F - 4H 40 =z
20 [ ] 20 20 L ] 30
20.5 - ] 10 20.5 . ] 20
o1 | 3 21 | = 1H 10
215 L 1L g 215 L 1 1 o
02 0 02040608 1 12 02 0 02040608 1 12
g-i g-i
" FResibuame WorT= T Il 1" FRestuaro Wor 5~ == 10 &
N = m ] 18 ]
18.5 B - - 7] g ko) 18.5 7 g )
19 F o - -_ ] 1 g 19 ] 1 g
~ 195 f= = e JHOE - 195 1H 0 €
20 L= . ; ‘25 20 s ; §
205 [ = W25 205 Wiz
21 | — 4 21 - 4
215 L 18 5 215 18 5
02 0 02040608 1 1.2 02 0 02040608 1 1.2
g-i g-i
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Figure 12. Normalised metallicity distribution function for the Sgairfit

stream, with and without MDF fitting in the SFH derivation. dpeco-added
solutions are shown in the top panel and single-epoch soliin the bot-
tom panel. The observed MDF is shown as black lines, whileb#s-fit

result from the SFH derivation is shown in red and blue fousoh respec-
tively with and without MDF fitting. Error bars indicate thecertainties on
the MDF due to uncertainties on the SFH for the model and diroisso-
nian errors for the observations.

and10. Similar sequences are visible in both solutiond) pétaks
at similar age and metallicity. Due to the better data qualitthe

Such detailed SFH and MDF of the bright and faint stream com-
ponents within the Stripe 82 region provide new constrafithe
model of the dwarf disruption. The results of our study casra-
marised as follows.

e As displayed in Figures]7 anfi]11, the models of the CMD
density distribution appear sensible and reproduce the dfuthe
Sgr stellar populations as observed by the SDSS in the Southe
Hemisphere. There is, however, a small amount of positisilve
als, in particular at the MSTO colour. This systematic misrhas
possibly due to a small level of asymmetry in the Galactik disd
halo, and therefore was introduced at the foreground sttisira
stage. Alternatively, it can not be ruled out that a slightigjudged
extinction could cause such an artificial pile-up.

e Solutions with MDF and without MDF look generally consis-
tent, however fits without MDF constraints are clearly degate
and appear to lead to biased inference as to the SFH deteds (s
Figures H-IP). For example, solutions derived without ldaig
MDF fitting produce a more extended sequence reaching all the
way up to solar metallicity, which is not supported by thectpe
scopic observations. Comparison with the observed CMDrie
isochrone in Figurgl2) shows that populations with thesamar
ters are not observed in great number on the red side of the RGB
locus or in the sample of kinematic member stars, indicattirag
these populations should not be present with substantiaffet-
mation rates. The presence of these populations could bsuét re
of fitting models to residual foreground stars red-ward efribm-
inal RGB. However, the age and metallicity of the populadiosn
consistent with a picture of steady chemical enrichmenmiisa-
lated environment and does occur in the Sgr dwarf galaxyaasdr
by the distribution of GCs. To improve the interpretationtleése
populations, we need to sample a larger portion of the ssetom
increase the relative S/N of these stream populations.

Additionally, comparison of results derived with and witito
MDF fitting shows that solutions without MDF fitting produce a
systematically higher SFR in populations with [FefHR. This is
due to the lack of stars with such low metallicities in thecips
scopic MDF, as shown in Figuré$ 8 aind 12. This lack of metal-
poor stars could be a result of the efficient enrichment in a-ma
sive dwarf galaxy such as Sgr, quickly increasing the mietilof
the interstellar medium from which subsequent generatibstars

deep data, the sequence is more defined in the co-added data an2'® formed. On the other hand, the region of the CMD occupied

shows less effects of populations fit to residual foregrostaudis.
Results for the SFH projected on age and metallicity as veetha
spectroscopic MDF are also consistent to within the erros.behe
SFH is dominated by old star formation at relatively metabp
metallicities ([Fe/Hk—1.5) but also shows a peak at ag8 Gyr
ago, slightly older than single-epoch results.

The synthetic MDF derived from the best-fit SFH solution is in
better agreement with the observed MDF given the generaas er

bars, unlike the results for single-epoch data. This métalpeak
is related to the burst of star formatie8 Gyr ago, similar to what
was observed for the bright stream in Figlire 5.

7 CONCLUSIONSAND DISCUSSION

In this work, we present the first detailed quantitative gtafithe
stellar populations of the Sgr trailing stream, using phatric and
spectroscopic observations from the SDSS surveys. By hioglel

by metal-poor stars is heavily contaminated by foregrouagdss
leading to a larger fraction of fibers being assigned to faregd
stars than for metal-rich stars,in the case of random spsszipic
fiber assignment. This type of completeness cannot be ¢edec
for given the inherently unknown distribution of foregraliand
background populations. A better spectroscopic samplinthe
Sgr stream is necessary to unambiguously determine theofnac
of metal-poor stars within the Sgr stream.

e Both bright and faint stream components show a tight se-
guence in the plane of Age vs [Fe/H] as shown in Figlites 5 and 9
indicating that star formation within Sgr took place in a laixed
medium, homogeneously enriched in metals e¥&Gyr. The tight
sequence starts from old, metal-poor populations and dgtena
metallicity of [Fe/Hr—0.7 at an age ok5 Gyr before star for-
mation terminates. The SFH (see Figdrés 6 [add 10) confirms the
extended formation history of the progenitor Sgr dwarf galand
guantifies the strength and stellar population make-up cf star
formation episode. The tight sequence observed in thetsigkam

the available data, we infer the Sgr SFH and MDF as displayed b is also reproduced in the faint one, although the lower S/thef

the stars in a portion of the (bifurcated) trailing tail obthalaxy.

stream results in the presence of more anomalous popdatios
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to residual foreground stars. Star formation in the fairéah is
dominated by metal-poor populations, with a SFH mostly com-
posed of stars-10 Gyr old (see FigurE_10). Therefore, the faint
stream appears composed of a simpler stellar populatiorthaix
the bright stream.

e To compare the SFH of the streams to the overall SFH of Sgr,

proceed simultaneously with the foreground modelling. e
Galaxy, this of course would require simultaneous fittingtrod
volume density as well as the CMD. Second, small but notieeab
CMD density residuals displayed above could potentiallalsgn
of changing stream distance, distance spread or the peséad-
ditional stream components. Therefore, rather than fixiegsub-

Figuredd and19 show the age and metallicity of GCs associated structure’s distance and distance spread, as well as theeruofi
to the Sgr dwarf galaxy (Forbes & Bridges 2010). The GCs trace unrelaxed fragments along the line-of-sight, the model lwame-

out the same tight sequence in age and metallicity spadegaiih

that the sequence observed in both streams is consisténSgit
populations present elsewhere in the stream and main bbdyeT
fore, both streams are consistent with being drawn from tixeoin
populations associated to Sgr.

laxed to include these as free parameters.

The results of our analysis bear implications for the maag|I
of the Sgr disruption. Interestingly, as summarised eatle star
formation activity, inferred with the stream stars, appearrtailed
~ 5-7 Gyr ago. Typically, in stellar stream modelling, theatatis-

¢ We can use the SFH derived here for both stream componentsruption time is the least constrained “nuisance” parametsch

to study the formation history of the parent Sgr dwarf galdiis
clear from Figuré® that the Sgr galaxy has undergone an@stkn
formation history, with multiple peaks in SFR. This indieatthat
Sgr formed stars over a substantial period of star formatfoat
least 7 Gyr. The MDF of the bright stream also shows strong evi
dence for a bi-modality with peaks at [FeAH]L.5 and -1.

The faint stream, on the other hand, displays neither cleakp
in the SFH nor additional bumps in the MDF. We conclude again
(bearing in mind that the faint stream data possesses loir S
that the fainter stream has experienced a less eventfdbstaation
history and contains a simpler population mix.

e In the bright stream, star formation rates drop rapidly acbu
~5-7 Gyr ago; this also corresponds to the last substanéinfat-
mation activity in the faint stream. This shutdown of stanfation
could be caused by the infall of Sgr into the MW potential neoi
ciding with stripping of gas from the outskirts of the systdrom
which the streams were formed.

can play, however, a very important role. For example, ire azs
the Sgr dwarf, if the tidal debris have orbited within the M\&f f
sufficiently long time, the global stream parameters, suclam
sidal and orbital plane precession angles could be affdntatie
subsequent material accretion. As far as the differendessea the
bright and the faint stream components are concerned, we\gp
that the Sgr dwarf is likely the progenitor of the faint compat as
well as the bright one, and ii) present strong evidence tiestar-
formation and chemical enrichment proceeded in a simikstnitn
for each part of the bifurcation. However, we also confirnmliear
claims of Koposov et al. (2012) of a subtle variation in the Maf
the faint stream as compared to the bright. According to oaf-a
ysis, the faint component of the trailing stream display#gker
mix of stellar populations dominated by old metal poor stard
lacks a strong metal-rich ingredient obviously presenhaliright
tail. Viewed naively, such differences in stellar popudas can per-
haps be explained if the faint stream was produced by therialte

e The sequence of Sgr populations displays a change of slopestripped i) earlier and ii) from the outskirts of the dwarf.

in age-metallicity space at an age between 11-13 Gyr andlioeta
ity [Fe/H]~-1.5. The location of this change in slope of the age-
metallicity relation (AMR) is consistent with that of theelement
knee observed hy de Boer et al. (2014), indicating that supvae
type la started contributing noticeably to the abundantepa~1-

3 Gyr after the start of star formation in Sgr.

e There is one additional significant difference between téke s
lar population properties of the bright and the faint strea/s il-
lustrated in the Figuilg 4, the faint stream seems to lackrafiignt
metal-rich component with [Fe/H}0.9, the population easily dis-
cernible in the bright stream.

e Finally, we would like to point out that the analysis has been
carried out using both single-epoch and stacked SDSS pletitpm
It is re-assuring to see that the results of modelling of elathset
are consistent with each other. However, deeper data glpest
vides better constraints on the SFH: the age-metalliciueece
is much tighter, while the peaks corresponding to SFH dgtasie
more significant.

Overall, we believe that this pilot study has convincingly
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