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1 Introduction

The research Pro ect concerns’ cosmologlcal galaxy formation through investi-
., gation of the propertles of host galames of:Gamma-Ray Bursts (GRBs). The
class,, of GRBS we. are: _currently interested in is the so-called long-duration
+ bursts,. hl«:ely to result from the collapse of short-lived, massive 'stars. As a

~ . i result, GRBs are potentlal,ly an excellent tracer of galaxy formation in the

‘universe. Galaxies that hest GRBS were observed for the first time in 1997 and
- ‘the cukrent:sample now includes around 50 hosts, makmg this field a relatively
- hew ‘area in' cosmology.- Addressmg the issue of the properties of GRB host
gala}hes makes possible’ comparlsons with the other known sub-populations of

; galax1es and contributes: to the understanding of galaxy evolution as well as’
~ thé galaxy formatlon theory
" The approach we have adopted con51sts of using numerical simulations ,

of cosmologrcal galaxy formatlon in which we identify host galaxies using
, obseryatlonal mformatlon _These srmulatlons follow in a self-consistent way

00

. .the dynam;cal evolutlon of the dark matter and baryonic matter and include a . -

.~model of galaxy formatlon based .on a heuristic approach. These simulations
cannot;, however, follow the large scales of thé universe connected with the
‘¢reation of the largest structures at the sanie t1me as the small scales where

- stars’ form: . Typically the computational volume has a scale of a few tens

' of Mega-parsecs while ‘typical stellar scales are measured in parsecs. Our 3-

‘jdllne11s1onal code includes gr’av1tat1on hydrodyndmical shocks and radiative

' V_coohng computed Wlthout assurmng 1omzat10n equlhbrlum That means that

.....

The dark matter is sampled with particles and an N-body method computes
_thelr dlsplacement whereas the gas is evolved on a grid using an Eulerian
: method From .the gas. d1str1butlon at each time-step, cold, dense, collapsing

‘gas regions are, 1dent1ﬁed It is, m 'such regions that galaxy formation takes -

place. A fraction of the. identified .gas is converted into, stellar particles. Whosei B

‘mass and epoch..of formation are recorded. Their evolution is then treated
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in a,non-collisional way, as is the dark, matter., The stellar particles are then
Urouped togeth at dn‘ferenf redshifts to form galaxres The comoving size of
the computatlonal volume is 32 h~*Mpc and we use 256° dark matter particles
- and.an equal number of grid cells. With the physms and, resolutron involved,
. a S:Lmulamon needs 13 GB of memory and around 100 hours and cannot be
performed locally in Iceland .We have therefore greatly appreciated ’che access
to the NFC-SXG at the HLRS Cornpu'cmg Center. In the follovvmg e report
the research act1v1t1es we. have conducted thls last year.

We ha,ve not been actlve users af the HLPS dunng the nrevlous year aod have
~ not performed _any new, elmula‘mons We have cmohasued the complemon of
on-going projects, that we, describe below. On ul’l‘-" other hand, our need for
higher resolution cannot be satisfied with the current version of the code we
have used so far. Therefore we started to. familiarize ourselves with new codes,
made available through otr participation in the new project HORIZ ON, which
federates the French numerical community involved into galaxy formation.
2. 1 Ob‘-‘ervable pro oermes of GRB host galaxles R I

SRR SN gt gy |
ln our Drevrous report ‘vve deecrlbed a urst set of a1mulat1ons that e ran
on. NEC-SX6, -illustrated. by a. _preliminary result, in. ng .2, in that report.
The :purpose was. to generat ten simulated. ca+alogs of gala,clee at different
:redshifts, and to. descr1be .these galaxres through - observable properties. The
. difficult part of this pJ”O_]PCt had more to do with the estimation of observable
properties than with the, sunulatlon u,self since we did not want to modify the
galaxy formation. model or include more, physical processes in the simulation.
We have instead concen w"raterj on. obfauung new properties te. characterize the
galaxy—objects o gLy | :
. For that we. have used, sreJlar Dopula‘clon synthesrs models These evo-
lutronary complex codes, some of them. bemg available to the communrty,
combine stellar evolutionary theory, stellar atmosphere theory, and the stellar
birth rate, based on the star formation history. In our procedure, the star
formation hlstory of a galaxy,comes dlrectly from the recording in the simula-
tion of the formation’ epoch ‘and mass of all‘the stellar particles, considered ‘as
homogeneous stellar populations. The stellar population synthesis (SPS) code
we have chosen i s Starburst!)!? (Vazquez G. A. & Leitherer C..2005.ApJ 621,
695) and although its use: may be, relatrvely stralght forward the combma’mon
of the SPS. code with the results of the. slmulatlons in. addltlon to cfettrng
the observable propertres We Were. mterested in, took a: much longer time. We
conducted t‘ns analysis: ]ocally on. co‘npu’cer clusters.. We hav'e thus, been able
to drscuss the propertles of the, overall popula.tlor- of srmulated galames these
propertles coming dlrer‘tly from the almula'clon or from the use of. Sw‘arburstgg
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© We Have'then identified simuldted galaxles haLvmg sitilar propertles ds a
© well-defined: sarﬁp?e of' feri Observed GRB host gilaxies. This’ sample 1s the
'_orrl'y available White dhe’ optlcal Star formatlon rate ’(SFR) ahd thé ratic be-
- tieen! r{:he SFRY aﬁd the' optlcal lumlnosmy are dlscussed The' m#for péints’of
our st‘ttdy ContErA the descrlptlon of the teﬂ numerlcal host/ couﬂtellparﬁs by
a large[set ‘of properties, many of Wchh’afe not prov1ded dJrecﬂy by obsérva-
“tions,"8hd thé comparison of this galaxy §iib- populatldn with thé whole galaxy
population at different tedshifts. The r&stilts hive been greatly improved from
the preliminary results presented last year and lead to the conclusion that the
numerical counterparts of the observed sample are galames belonging to the
low-mass, high specific SFR galaxy population, with 'bliié colors ‘and recent
epochs of formation. Our conclusmns a%ree with recent results based on obser-
' Yatiofis. Ofir study éHould be contlnued YWhen a“much larger obServed sarnple
‘ will ‘Be available. ’Thls pi‘o;ect hiak’ hOW’Beén"ddmpleted With 'an' Janrtlcle tHat
has receﬂtly beeh submlttea 8¢ p’ubhcatlon (Courty et al 2006) SR “
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2 2 Thg l\mk between young/ h1gh spec;ﬁc SFR galax1es and GRB
‘ host .gal ax1es

cetf Dmiont vy e e by e

The second set of simulations we described in the last report concerned a
joint analysis of the cosmélogical ¢volition of .the propertiesiof the: Baryonic
matter and of the galaxy propertles For this purpose we saved numerous
- outpiits: evel'y 10'6% 15 time-stéps, to‘ﬁhd in each’ galaxy' catalogs: the main
- prOgemtdrs bf galames Sel’ected in ’thé present day ca’calog Thus: we are then
'able“’co detet&mne«thé whole hlstbry of ‘galaklés and follow the Cosmologlcal
aistatistical dnialysis of galaxy prdpertles“at dlfferent’evolutlonary stages, for
" thé overall gdlaxy' sarhiple! "We' ravé ¢onfitmed ‘that ‘high spemﬁc SFRs' are
-dissociated "With' the” ‘young evolutionary stagJe‘s of galaxies. This' rmght be-a
fitst st&p to undérstand bétter Why' hlgh—redshlft GRB lost galaxies are often
seen in Lyman—a emission. Indeed a part of the Lyman-a- emission comes
from dold gas présenit i’ sta.r—fdrmlng regloﬁS’ atid'the améunt of such cold gas
“shiotild: be largel‘ when galames are' young ‘An artlcle descrlblng thls 1eSu1t is
curren’bly in preparatlon* L “-0. Mk ek w Ll o)
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"'2‘:_3' T..hé icdntributio_n of GRB\ host galax_iesr to the cosmic SFR

Followmg our ided’ tHat GRB host galaxies rmght be high spemﬁc SFR' galabc—
“les, We have started[ to- 1nvest1gate the cotitribution of GRB hosts to the total
mas§ or cosmlc SFR: The'idéa i to analyze the dlfference bétween the costhic
: SFR ‘for ' the Whole galaxy populatlori and 'the cosmic SFR. due only to the
hlgh‘lspec1ﬁc SFR' galdxied. W& have 'made a first ‘analysis based on the same
kind ¢f ‘simulation as descrlbed in the first’ sectlon ‘The Iargest dlfferences are
‘seen ds the redshift decreddes and ‘is an’ 1nteresﬁ1ng result’as it may §hoW' that
the contribution‘of‘GRB host’ galaxies o tHe 'cosmic'SFR is'Hdt dominait ‘at
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.the lowest redshifts, although,their contribution,is extremely useful to under-
. 'stand galaxy evalution. Hosts are moreilikely to contribute significanglyito the
. cosmic SFR .at. high iredshifts. However such, an-gnalysis.may. depend ‘on the

resolution of the simulation and a more quantitative investigation. requires a
high-resolution simulation, typically with a 3843 dark matter particles and
grid cells. Unfortunately such a simulation cannot be performed on NEC-SX6
with our current serial version of the code.

We have therefore turned to parallel numerical codes, that are available
in the HORIZON collaboration. We started to work this winter with Ramses
(Teyssier R. 2002, A&A 385, 337), a numerical code based on an Adaptive
Mesh Refinement (AMR) technique allowing high spatial resolution. On the
other hand a team of the HORIZON group has completed the parallel version
of the code we have used so far. To pursue our project we may ask the HLRS to
shift, if possible, a part of our computing hours to more appropriate platforms,
such as the NEC Xeon EM64T cluster or the Cray Opteron cluster. In addition
to help complete our project on the cosmic SFR, performing high-resolution
simulations will allow us to get a larger and statistically reliable sample of
galaxies at high redshift. We also plan to investigate how observable properties
of GRB host galaxies evolve between high and low redshifts.

3 Ongoing project

We have recently started to work on a new project that we are developing on
NEC-SX6, but should be performed with the Ramses code for high-resolution
simulations. It concerns the global metalicity of galaxies, an issue of partic-
ular importance in the context of GRB host galaxies. They are expected to
be low-metalicity galaxies, and a few observational studies tend to show this,
explaining why host galaxies at low redshifts are not associated with galaxies
producing stars at the highest rate. When high mass stars end their lives as
supernovae, they inject heavy-elements into the interstellar medium that en-
rich the surrounding gas and contribute to its cooling. To reproduce this, we
need to follow in the simulations the metalicity evolution of the gas and add
the contribution of heavy-elements to the gas cooling rate. We have written
a new version of our code, taking into account that the gas is in ionization
equilibrium. The physics of a non-zero metalicity gas is very complex and we
therefore need to use cooling functions tabulated from photoionized spectral
codes, such as the Cloudy project (Ferland, G. J. et al. 1998, PASP 110, 761),
assuming a gas in ionization equilibrium.

As a conclusion we would like to underline that the last year was kind of a
transitional year, with most of the time spent on the completion of advanced
projects. Furthermore we have been aware that the future of our projects
depends on new, parallel codes. We are now working with the Ramses code,
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“*butare stillvat the lesrnidgistagé I the nearfuture 'we may sskithe HLRS
" to shift a patt of ‘ot 'complting! hours tewards othét Platforms: than ‘the
\NEC-SX6; that ve aiestill: using todevelol ardifferaritibersion dfiour carrent
nuriterical codell v v et p e s B aatralgnis w0 e goitios
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