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ABSTRACT

We investigate the compact, early-type galaxy NGC 1281 with integral field unit obser-
vations to map the stellar line-of-sight velocity distribution (LOSVD) out to 5 effective
radii and construct orbit-based dynamical models to constrain its dark and luminous
matter content. Under the assumption of mass-follows-light, the H-band stellar mass-
to-light ratio (M/L) is T. = 2.7£0.1 T, and higher than expected from our stellar
population synthesis fits with either a canonical Kroupa (T, = 1.3 Ts) or Salpeter
(T. = 1.7 T) stellar initial mass function. Such models also cannot reproduce the
details of the LOSVD. Models with a dark halo recover the kinematics well and in-
dicate that NGC 1281 is dark matter dominated, making up ~ 90 per cent of the
total enclosed mass within the kinematic bounds., Parameterised as a spherical NFW
profile, the dark halo mass is 11.5 < log({Mpu/ Mz ) < 11.8 and the stellar M/ L is 0.6
< T./Ts < 1.1. However, this M/L is lower than predicted by its old stellar popu-
lation. Moreover, the halo mass within the kinematic extent is ten times larger than
expected based on ACDM predictions, and an extrapolation yvields cluster sized dark
halo masses. Adopting T, — 1.7 T, yields more moderate dark halo virial masses, but
these models fit the kinematics worse. A non-NFW model might solve the discrepancy
between the unphysical consequences of the best-fitting dynamical models and mod-
els based on more reasonable assumptions for the dark halo and stellar mass-to-light
ratio, which are disfavoured according to our parameter estimation.



NGC1281
YANBUTENbHbIN KOMNAKTHasAs maccuBHasn E-
raslakTuKa c npeobnagaHmem TeEMHOM maTepun

 The program’s target sample was a result of
the Hobby-Eberly Massive Galaxy Survey
(HETMGS), which looked for high velocity
dispersion galaxies that are candidates for

hosting (over-)massive supermassive black
holes (SMBHs).

e Ob6BbEKT NO pa3mepy 1 AUCMIEPCUN CKOPOCTEN
NOXOX Ha KOMMAKTHble MaCCUBHbIE TaNaKTUKKU
Ha 6oabLINX Z.




NGC1231
E5, D=60 mpc

 HabntogeHua oxsatbiBatoT 5R e — 00 7 KNK.

* NHpeKc CepcnKa — 3.9, 1Mbo ABa KOMMNOHEHTA:
n=2.2, Re=1.7"(inner), nn=1/3, Re=10" (outer);
CMJIIOCHYTOCTM NPUMEPHO OAMHAKOBDI

* [peacrtaBneHne pacnpeageneHne APKOCTur:

A set of multiple Gaussians (MGE; Monnet et al.
1992; Emsellem et al. 1994). In our case, the

MGE consists of 8 Gaussians with a common centre
and a fixed position angle (PA).
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Figure 1. Left: HST H-band image of NGC 1281, which covers a field of 150 (0, with a final scale of 0.06"" /pixel. Right: Contour m:

of the same image. The MGE contours are over-plotted in black. The bottom left plot shows the accurate reproduction of the surfa

brightness profile within the central 30 arcsec?.
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Figure 2. : The PPAK TFU spectra (black), the stellar templates

convolved with the best-fitting LOSVD (red) and the model resid-
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Figure 3. Top: PPAK IFU stellar kinematic maps of NGC 1281, showing the mean line-of-sight velocity v, velocity dispersion o, and
Gauss-Hermite moments hs and hs. The maps show a fast rotation around the short axis of 183 kms—! and a central velocity dispersion
of 268 kms—!. Overplotted are contours of constant surface brightness at 1 and 3 R, as measured from the deep HST photometry. The
empty region above the centre is generously masked due to the presence of a bright foreground star. Bottom: Corresponding uncertainty

maps. Maps are oriented N.-E., i.e. north is up and east is left.
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Figure 4. Intrinsic, enclosed mass distribution of NGC 1281 as a
function of radius, obtained from our orbit-based dynamical mod-
els with a spherically symmetric NF'W halo. Solid lines represent
best-fitting values and dashed lines 30 confidence intervals. The
dotted vertical lines indicate the resolution limit and the extent
of the kinematic observations.



B npeaenax /7 Kpc:

NFW profile:

We obtain a stellar mass of log(M*/Mc) = 10.5+0.2-0.1,
a dark halo to stellar mass ratio of log(Mg,,/M*) =
3.6+1.5-0.5, a black hole mass of log(M/Mc) = 10.0+0.1-
0.2 and an H-band stellar M/L = 0.7+0.4 -0.1.

At small radii (<3”) the black hole is the dominant
contributor to the total mass budget but quickly
released from its role by the dark halo, which already
takes over at 4.5” (i.e. 1 Re or roughly 1.3 kpc). The
total enclosed mass within the kinematic extent is
log(M;q7 /Mc) = 11.7+0.1-0.2.
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Figure 10. LOSVID of NCGC 1281, for the Voronoi bin centroids
which fall within a 1"wide strip along the major axis. The red
and dashed line correspond to the recovered LOSVD of the best-
fitting NFW model and a model with a fixed black hole mass of
log(My/Mg) = 9.1, a stellar M/L of 1.8 T, and a dark halo of
log(M pag /ML) 2 5. If fived to parameters that are promoted
by the black hole scaling relations and its stellar populations, the
velocity dispersion peak can be recovered well, but the models
fail to fit the outer welocity moments which stresses the need for
a massive dark halo.



[pyrne moaenun no cpaBHEHUIO C
reference model (NFW)

Ax?  T./Te log(My/Mg) log(Mpar/Mg)

- +0.4 0.1 0.1

NEFW (i) 0 0.7 10.07; 5 11.7755

. s 1= 0.1 +0.1 0.1

Cored-Log (ii) 14.7 1.0753 10.07 57 11.87,
Mass-Follows-Light (iii) 1141 27757 811327 0.0

M/L Slope (iv) 0.6 07105 10.0705 114102

Stellar Populations M/L (v)  35.6 1.7 9.7+0-1 11.210-3

Fixed BH (vi) 80.8  2.273 8.9 11.0793




The effective radius in NGC1281 encompasses a dark
matter fraction of fDM = 0.47, and as such, is 3 times
higher than inferred from the population of regular ETGs
in the ATLAS3D sample (Cappellari et al. 2013) for galaxies
with stellar masses in the range of log(M*) ~ 11. It is,
however, in line with the dark matter fraction of BCGs
such as NGC4889.

Taking into account the prediction of an unreasonably low
stellar M/L as well as the presence of an over-massive
supermassive black hole, we conclude that a spherical
NFW profile cannot be a fair assumption of the dark halo
profile of this galaxy.



BbiBOAbI

NGC1281 is a dark matter dominated galaxy with a dark matter fraction of
90 percent to the total enclosed mass within the kinematic extent,
irrespective of the adoption of a NFW or CL halo.

The extrapolated dark halo profile (NFW) would imply a dark halo virial mass
of log(Mp,,/Mc) = 14.1. This halo mass is typically ascribed to the halo of galaxy
clusters and in contrast to findings based on CDM cosmology and the halo
abundance matching mechanism.

Model M/L=const = 1.7 (stellar) provides a significantly worse fit to the stellar
kinematics and is neither able reconcile the dark halo mass with those
predicted within the CDM framework nor the stellar M/L with the values
promoted by its stellar populations.

Tpebyetca KomnpomumnccHaa mogenb! NMNpodunb NFW He npuroaeH ans
OMUCaHUA ranakTUKKU B LLeNOM, KOHPAUKTYA co 3Be34HbIM OoTHoWweHuem M/L.
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The Orbits and Total Mass of the Magellanic
Clouds

Gurtina Besla

Abstract This proceeding overviews our current understanding of the orbital
history and mass of the Large and Small Magellanic Clouds. Specifically I will
argue that the Clouds are on their first infall about our Milky Way and that their
total masses are necessarily ~10 times larger than traditionally estimated. This
conclusion is based on the recently revised HST proper motions of the Clouds and
arguments concerning the binary status of the LMC-SMC pair and their baryon
fractions.

1 Introduction

Owing to their proximity to our Galaxy, the Magellanic Clouds (MCs) have
been observed i wavebands spanning almost the entire electromagnetic spectrum,
allowing us to study the interstellar medium (ISM) of two entire galaxies
i unprecedented detail. Such observations have facilitated studies of how
turbulence, stellar feedback and star formation are mterrelated and how these
mternal processes affect galactic structure on small to large scales (e.g.,
Elmeereen. Kim & Stavelev-Smuith. 2001: Block et al.. 2010).



J1Be NpUYnHbI NepecmoTpa Mmacc
MarennaHosbix Ob6nakos.

e 1. U3mepeHune cobCTBEHHbIX ABUKEHUN:
ranakTUKN ABUXKYTCA bObiCcTpee, yem
oxkmnpanocb (HST)

e SMC: 217 + 26 km/s with respect to the MW
and 128 + 32 km/s with respect to the LMC;
the SMC cannot be on a circular orbit about

the LMC
e 2. KoHUuenuua maccmMBHbIX TEMHbIX rano.



The LMC has a well defined rotation curve
that peaks at Vc =91.7 + 18.8

km/s and remains flat out to at least 8.7
kpc (van der Marel & Kallivayalil, 2014),
consistent with the baryonic Tully-Fisher
relation. This implies a minimum enclosed
total mass of M(8.7 kpc) = 1.7 ¥*101°° M(©;
the LMC is dark matter dominated.

The high speed LMC-SMC makes it very
difficult to maintain a long-lived binary,
unless the LMC is substantially more
massive than traditionally modeled
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Fig. 1 Typical orbital histories for the ITMC are indicated as a function of LMC and MW mass.
Orbits are determined by searchung the 47 proper motion emror space in Monte Carlo fashion
and computing the mean number of pencentnc passages completed within 10 Gyr High mass
ILMC models expenence greater dynamical friction and are consequently on more eccentric orbits,
yvielding first infall sclutions (dark blue regions). Lower mass models allow for orbits where the



BbiBOAbI

The Magellanic Clouds are recent interlopers in our
neighborhood.

Their total masses must be at least a factor of 10
larger than traditionally modeled. Dynamical friction
is “M?. It requires their orbits to be highly eccentric,
preventing short period orbits.

Finally, the existence of a high relative velocity, LMC-
SMC binary today strongly argues against their having
completed a previous pericentric approach about our
Galaxy, as MW tides can efficiently disrupt such
tenuous configurations.



* The star formation histories (SFHs) of the MCs also
suggest a common evolutionary history. Weisz et al.
(2013) illustrate that~4 Gyr ago, the SFHs of both the
LMC and SMC appear to increase in concert. It is thus
reasonable to assume the MCs have maintained a
binary status for at least the past 4 Gyr.

* The high speed LMC-SMC makes it very difficult to
maintain a long-lived binary, unless the LMC is
substantially more massive than traditionally modeled



e Orbits for the SMC in MOND have small
periods and apocenters (Zhao et al., 2013).
Such orbital solutions cannot explain the
absence of quenching in the star formation
history of the SMC and the fact that there is
currently just as much gas in the SMC as there
is in its much larger
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Stellar streams around the Magellanic Clouds

Vasily Belokurov'* and Sergey E. Koposov'f
1 Institute of Astronomy, Madingley Rd, Cambridge, CB3 0HA

13 November 2015

1 INTRODUCTION

ABSTRACT

Using Blue Horizontal Branch stars identified in the Dark Energy Survey Year 1 data. we
report the detection of an extended and lumpy stellar debris distribution around the Magellanic
Clouds. At the helioceniric distance of the Clouds, overdensities of BHBs are seen to reach
at least to ~ 30°, and perhaps as far as ~ 50° from the LMC. In 3D, the stellar halo 1is
traceable to between 25 and 50 kpc from the LMC. We catalogue the most significant of the
stellar sub-structures revealed, and announce the discovery of a number of narrow streams and
diffuse debnis clouds. Two narrow streams appear approximately aligned with the Magellanic
Clouds” proper motion. Moreover, one of these overlaps with the gaseous Magellanic Stream
on the sky. Cunously, two diffuse BHB agglomerations seem coincident with several of the
recently discovered DES satellites. Given the enormous size and the conspicuous lumpiness
of the LMC’s stellar halo, we speculate that the dwarf could easily have been more massive
than previously had been assumed.

Key words: Galaxy: fundamental parameters — Galaxy: halo — Galaxy: kinematics and
dynamics — stars: blue stragglers — stars: horizontal branch

Linetal. 1995) as well as its gaseous halo (Meurer et al. 1985;
Moore & Davis 1994; Heller & Rohifs 1994; Mastropietro ef al.

This Universe is conjectured to have assembled hierarchically, from
the bottom up, vet the evidence for accrefion onto dwarf galaxies
with luminosities < 10'°L;, is currently scarce (Rich et al. 2012;
Martinez-Delgado ef al. 2012; Amorisco ef al. 2014). In the cosmic
pecking order, the Magellanic Clouds are just a position down from
the Milky Way and, hence could, in principle, given their proximity,
serve as a typical example of the sub-L, satellite galaxy assembly
in the ACDM Cosmology. The extent and the amount of lumpi-
ness in the stellar halo (if it exists) of the Large Magellanic Cloud

T RAC rrrmanld snt Anber srarant anathar cmacdal ndaca AF arndanea

2005) depending on the mechanism assumed responsible for the
production of the Stream. Very quickly it was established that the
Stream ought to onginate from the SMC rather then the LMC
(Murai & Fujimoto 1980; Connors et al. 2006), thus bringing info
light the complex history of three-body encounters between the
Clouds and the Galaxy. Even though the time the Clouds have spent
together is not well constrained, several MS simulations revealed
that it was possible for the IMC and the SMC to become a pair
only recently as most of the salient MS features could be repro-
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“igure 1. Jigsaw puzzle of the Galactic stellar halo as traced by the MSTO stars. This false-colour composite image combines data from three different
urveys: SDSS DR, VST ATLAS and DES Year 1. R. G and B channels of the image are greyscale density maps of stars with 0.2 < (g — ) < 0.5 within
he following magnitude ranges: 22 > 7 > 21 (red). 21 > 7 > 20 (green) and 20 > 7 > 19 (blue). The Sgr stellar stream and the LMC (with the centre
ta = 80°9 and § = —69°7) are the most prominent halo structures visible. Note also two faint and fuzzy overdensities of approximately green colour at
XA~ 100° and RA~ 30°. These must lie much closer along the line of sight as compared to the LMC.



* m-M=
18.5 (LMC)
19.0 (SMC)

¥ [deg]

¥ [deg]

¥ [deg]

18.45<m-M<18.60 3

T [2eg]

-20 -40 50

X [deg]

-80

18.60<m-M<18.90

¥ [eeg]

-
]

aof

20k

¥ [deg]

X [deg]

1B 50<m-M<19.50 2

T [ceg]

)

20E

¥ [deg]

¥ [deg]

-0

-80




10 Belokurov and Koposov

BHB, 18.45<m-M=18.60

s e _
Hor - *Pho 3
in =
R r - F‘ho oA E
Tuc E
LMC @ ® SMC —é
100 50 0 50
RA

BHB, 18.60<m-M=1 8_90

-40

-5

Dec

_.Pﬁ

S2b

-60

-70

@ SMC .

1[I.'ICI 50 0 -50
RA
BHB, 18 90<m-M<19.50

N AT

83

® SMC

1[I.'ICI 50 0 -50
RA
BHB, 19.50<m-M<20.20

>
L
| |
IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII

® SMC

100 50 0 -50
RA

Figure 7. Magellanic stellar streams in equatonial coordinates. Top to bottom: density distnbutions of the BHB stars selected to lie m the four heliocentric
distance bins described earlier. The maps are 60323 pixels, and are smoothed with a Gaussian kemnel with a FWHM of 2 pixels. Red filled circles show the
locations of the LMC and the SMC, small blue filled circles mark the positions of the previously known satellites, while the red tnangles correspond to the
DES Year 1 satellites. Fed lines show the great circle for streams 52 and 53. All structures identified in the gnomonic projection in the Figure 6 are also
present m these maps. Additionally, three more possible detections are noticeable, 1.e. those at RA~ —107 and RA~ —50°. Given that these structures are
most prominent n the distribution of BHBs falling into the 2nd distance bins, they are dubbed 52a and 52b comrespondingly. Note that Hor 1, Hor 2 and En 3
appear to overlap with the 52 cloud and its counterpart in the 1st distance modulus bin (top panel). Additionally, three other DES Year 1 satellites Pho 2, Gru
and Tuc 2 seem to coincide with the S2a cloud.



BbiBOAbI

e 3Be3aHOe rano, HangeHHoe Mo K0YKOBATOMY
pacnpeaneneHunto BHB stars, npocnexxkmnsaetca “in
3D” panbuwe 25 Kpc ot LMC. ObHapyxKeHo
HECKO/IbKO NOTOKOB U AndPy3Hbix 0b6nakos. B
ABYX CAyYaax MOTOKU OKA3aAUCb BbITAHYTbIMMU
NPUMEpPHO BAO/1b HaNpPaBaAeHNA COOCTBEHHOTO
asumxeHusa Obnaka. [1se anddy3Hbie obnactu
3Be3/, COBNaan C HAaUMAEHHbIMWU paHee
Kap/IMKOBbIMUM CMTYTHUKAMMU.,

* [anakTuKa mox<eT bbiTb b0N1ee maccuBHa, Yem 3TO
NMPUHATO CYUTATD.



