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Abstract.  Using a sample of 215 supernovae (SNe), we analyse their positions rel-
ative to the spiral arms of their host galaxies, distinguishing grand-design (GD) spirals
from non-GD (NGD) galaxies. Our results suggest that shocks in spiral arms of GD
galaxies trigger star formation in the leading edges of arms attfecting the distributions
of core-collapse (CC) SNe (known to have short-lived progenitors). The closer loca-
tions of SNe Ibc vs. SNe Il relative to the leading edges of the arms supports the belief
that SNe Ibc have more massive progenitors. SNe Ia having less massive and older
progenitors., show symmetric distribution with respect to the peaks of spiral arms.

1. Introduction

It 1s well known that star forming regions in spiral discs are generally concentrated
in spiral arms (e.g. Seigar & James 2002). There are a variety of known structures
of spiral galaxies, with different numbers and shapes of their arms (for recent review



* AHanmn3upyetca nonoxenune 215 SN (SN lbc,
SN Il, SN la) B 187 ranaktnkax oTHOCUTENbHO

MaKCMMYMOB APKOCTU CrNpasibHbIX BETBEN B
GD n non-GD- ranakTukax.

e Katanor Hakobyan 2012 (3786 SN)



shock front

corotation radius

OnpeaenaeTcs Pa3sHOCTb PaAnanbHbIX
pacctoaHu Ao SN n go 6anxKanwen obnactu
CNMpPasbHOWN BETBM.

Figure 1.  The scheme of star formation distribution in a model of two armed GD
galaxy with the directions and relative sizes of drifts from birth places up to the
explosion for SNe Ibc (blue arrow) and II (green arrow). For better visualization. the
directions of drifts are shown with a significant radial component.
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* |In non-GD galaxies the shortest mean distance to the
peak of spiral arm is for SNe Ibc. SN la are less
concentrated. In addition, the distribution of any SN
type inside the spiral arms in NGD galaxies does not
show any significant radial trend.

* [nAa GD- ranakTuk casur meHaetca ¢ R, /R,:. Bo
BHELWHWUX N BHYTPEHHUX 0bnacTax ranaktnk GD
pacnpegeneHue SN 3epKasibHO MeHAEeTCA
(kopoTauma?). YcnosHasa rpaHumua R = 0.45R,..

* PaccTtosaHne OT AIMAnPYIOLWEN CTOPOHbI CNUPANU
MmnHuUmanbHo anAa SN lbc, 3atem- SN Il (BeposaTHOCTb
cnyyamHoro — 0.01)
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ABSTRACT

We present high resolution simulations of an isolated dwarf spheroidal (dSph)
galaxy between redshifts 2 ~ 10 and 2 ~ 4, the epoch when several Milky Way
dSph satellites experienced extended star formation, in order to understand in de-
tail the physical processes which affect a low-mass halo?s ability to retain gas. It
is well-established that supernova feedback is very effective at expelling gas from a
3 x 10°Mg halo, the mass of a typical redshift 10 progenitor of a redshift 0 halo with
mass ~ 109M;. We investigate the conditions under which such a halo is able to re-
tain sufficient high-density gas to support extended star formation. In particular, we
explore the effects of: an increased relative concentration of the gas compared to the
dark matter; a higher concentration dark matter halo; significantly lower supernova
rates; enhanced metal cooling due to enrichment from earlier supernovae. We show
that disk-like gas distributions retain more gas than spherical ones, primarily due to
the shorter gas cooling times in the disk. However, a significant reduction in the num-
ber of supernovae compared to that expected for a standard initial mass function is
still needed to allow the retention of high density gas. We conclude that the progeni-
tors of the observed dSphs would only have retained the gas required to sustain star
formation if their mass, concentration and gas morphology were already unusual for
those of a dSph-mass halo progenitor by a redshift of 10.

Key words: Galaxies: dwarf — galaxies: [ISM — galaxies: formation — galaxies: evolu-
tion — stars: supernova — [SM: supernova
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1 INTRODUCTION and observations (Navarro et al. 1996a; Pontzen & Gover-




TeopeTnyeckn AONKEH CYLLLECTBOBATb HUXKHUIN Nnpeaen
DM rano, B KOTOPOM MOTYT pOX¥AaTbCA 3Be34bl.

OaHaKo ecTb Kapaunku ¢ M. < 10°Mc. OcrtaeTcs
npobsiema 06bACHEHUA CIULWKOM 60NbLLIOIO KOM-Ba
MWHUIaN0 N npobnema o6bACHEHUA AOTCTAaTOYHO
npoAoXuTenbHoro nepmoaa SF (Heck.. mapa net) B
KapaunKkax, HecmoTtpsa Ha feedback.

Simulations obpa3oBaHua Kapamkos Tvna Umi n Draco
(N-body + hydrodynamics+radiative cooling. Particles:
10 Mc for gas and 100 Mv for DM.

Hayano:

z = 10, initial M, _, (z=10) =3 107, M, ,,, (z=0)~10° Mc.



Simulations: aBa TMna moaenemn:
TONCTbIN AUCK U chepa

Table 1. Summary of the simulations presented in this paper. Each case was simulated using both a spherical and fattened ¢
distribution. The columns represent the name of the run which we refer to in the text (1), number of SN events (2), Energy per SN eve
in erg (3), scale radius of the gas distribution for the spherical case (r.) and the disk case (r4) in kpc (4), disk exponential scale heig
in kpc at r4, (R =90 to R = 110pc) (5), baryon fraction (6), halo concentration (7), and metallicity (8).

Run No. of SN Energy per SN Gas r, 4lkpc) Scale height (kpc) I Halo ¢ = Metallicity ([Fe/H])
Fiducial 100 1050 0.10 0.013 0.16 10 primordial
2008N 200 1039 0.10 0.013 0.16 10 primordial
500SN 500 1039 0.10 0.013 0.16 10 primordial
ry=50pc 100 1050 0.10 0.011 0.16 10 primordial
r,=200pc 100 1050 0.10 0.019 0.16 10 primordial
f,=0.08 100 1059 0.10 0.017 0.08 10 primordial
f=0.04 100 1050 0.10 0.019 0.04 10 primordial
C=4 100 1039 0.10 0.016 0.16 4 primordial
C=30 100 1050 0.10 0.010 0.16 30 primordial
[Fe/H]=-2 100 1950 0.10 0.013 0.16 10 -2
[Fe/H]=1.5 100 1039 0.10 0.013 0.16 10 1.5
I‘i-fgg{l L

Mpodunb Hernquist p(r) =

27 7(r +an)3



JBo/IOUUA ChepUYeCcKon ranakTUKu

e CnAoLWHbIE IMHUN — HaYya/ibHble NpoPUAN,
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* MeHee 5% ra3sa HaBcerga Nnoknaaer
ra1akKTUKKY, HO NJIOOTHOCTb ra3a nagaeT Ha 2
nopAaKa, U ras 1erko TepaeTca.
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Figure 4. Maps showing the evolution of gas density (top, middle) and temperature (bottom) for the fiducial disk simulation. The
leftmost column shows the initial conditions, the middle column shows the situation at 730 Myr and the rightmost column shows the
final state at 1.25 Gyr. The quantities plotted are cross-sections showing density in the = — y plane (top panel), density in the « — z plane
and temperature in the x — y plane.
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* A flattened gas distribution (disk) is overall more efficient at
retaining gas than a spherical distribution due to the fact
that the gas densities are generally higher initially.

 However, even with a high gas or halo concentration, we
found that high density gas only remains at the end of the
simulation period if the number of SN events is lower than
that expected from a Salpeter IMF (assuming a total stellar
mass of 3 10°M).

e Successful dSphs may therefore result from progenitors
which were outliers in the distribution of halo/gas
properties at z = 10, as well as experiencing gas accretion
at an appropriate rate and with an appropriate morphology
so that SN-driven outows were unable to prevent further
gas accretion.



