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1st PART

Formation off Glopular Cluster

wWithin UN/ Radiation Field

Collaborators
Masayuki Umemura (U. Tsukub)
Tetsu Kitayama (U. Toho)



Relonization and GC Formation "OO n

R (—
v S | The age distribution of GCs

[ WMAP 3year (Page et al. 2006)
R

eionization epoch ~13Gyr ago

\_Mean age of GCs ~12Gyr

15
s It indicates that many
- GCs formed after
cosmic reionization !!
O
" B
=, Ior_nzed il
= ' universe —
SEEE ] GCs could form within
156 10 & UV radiation field ?

Lt [Gyr]
Puzia et al. (2005)



Importance ol UV Radlation

v'Photoheating
) UV radiation might
suppress the

M) Gas temperature ~ 104K ‘
v Photodissociation(H,) formations of GCs?

‘ Gas clouds can not cool
below 10*K

negative

% OBJECTIVEX

We explore the possibility that GCs
form within UV radiation field !!




Simulation of GC Eormation within U\ Radiation

[1D spherical symmetric Lagrangian scheme] ACDM universe:
Kitayama et al. 2001 _ _ _
(Kitay ) 0,=0.3, ,=0.05, A;=0.7, h=0.7

Gas dynamics DM dynamics
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T of UV photons =>Determine the heating and the chemical reaction rate

 Non-equilibrium of chemistry = Determine the cooling rate (H2)




Calculation Procedure

The contracting cloud is

The cloud expands The cloud turnarounds. exposed by UV radiation!|

o1 the Hubble flow

START
The cloud is still UV radiation on !!
In linear regime. v'Black Body with T =10°K

v103<1, <103

Time m—
l,, IS a Intensity at Lyman

limit in unit of 10-2L erg cm-2

4 ~100 Sta s 1Hz str-! Syv =20




Evolution of the Cloud
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EVvolution of t

Both shells are
ionized when
they are
irradiated by
UV radiation.

ionization degree

H number temperature

densit
¥ Both shells are

heated up to
10MK

22 20 18
redshift redshit




Evolution of the Cloud

_g f ionization degree

The shell with
spersonic infall”
velocity keeps

contracting . 10°° § H2 fraction

4 temperature

H humber
density
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Evolution of t

H number
density

22 20 18 16
redshift

e Cloud

ionization degree
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SF criterion

Cools via H,
cooling
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Viass DIstriout
Strong UV radiation (1,,>1)

Star are born at inner region

8.90x 107 yr
N :fiﬁf A of the cloud. The energy
= e dissipation is strong !!
g G
d

\ dominate - ; ‘
- ompact star cluster forms !l
NJ 07 100 1000 X

log Rlpc] = GC like (with DM halo)
Weak UV radiation (1,,<0.1)

/ 8.90x10M7 P ]
e/ ~<DM . Stars are born at earlier
— T Smapey " dynamical stage.

1 10 100 1000 DM dominated and low den_5|ty star
log Rlpc] cluster forms ! = dSphs like

(&)

(&)

log (M(R)/Masun)




2nd PART

Dynamical EVeIULIGn o

Glopular Cluster

Collaborator

Masayuki Umemura (Tsukuba University)
FIRST Project Team



9 10K the Simulation

»Number of particle:N.=2'* Ng,, = 2% (m./my,,= 10.39)
» External tidal field

*NFW type potential (with M,= 10°Mg, R,;. = 294pc, ¢ = 10)

» Initial condition: Obtained by our simulation of GC formation.

% Two-body relaxation (Spitzer & Hart 1971)

1/2 3/2
thz5.76x109£ M j (1'\/']( " j
r 10°M m A10pc

sun

Co

8.90x10T yr
= = = = 2.89x10"8 yr
- = 0.73x10"8 yr

Star

"-.I--

4

— =

log (M(R)/M.un)
(@) D

Cosmic age(~14Gyr)
corresponds to 2.6 t,,..

1 10 100 1000
log Rlpc]




EVolULIon o OnRservanie

v'The profile changes as the star cluster evolves !!

__ 6 STAR T=0 - Inner part

S T=1.338tn — .

‘Eéu_ 5 T-1784t, — 1| The core shrinks

= T=2.233t, — || Vvia two-body

= 4 T=2.676tn — {| relaxation.

-

= 3

o

T 2 Quter part

D

E 1 Tidal stripping

%) 0 Nom= = The cluster
mass decreases !!
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EVolution of the Cluster IVliass

We assume a mass within 50pc from the center as the cluster mass.

1077 _ _ , , — "3 Simulation
The star cluster
R with a small

amount of DM
Qurvive I )

Present day—

1076

| DM is selectively
stripped by tidal force!!
0 (i5 % 'ﬁ5 é

time (trh)

Observation

mass({Msun)

/GCS have Iovv\
mass-to-light
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Comparisen WIth 0RservVations

Fundamenta
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comparisen With enservations

) Fundamenta
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T =1.338, 1.784, 2.233, 2.676t,, are shown



Y Globular Cluster Formation within UV, radiation Field

Strong UV radiation =) The cloud is ionized !!

If the cloud has supersonic infall velocity, the cloud keeps contracting.
Star formation is delayed and stars are born at inner region of the cloud

Compact star cluster forms

Weak UV radiation =) Shielding effect works well !!
:> Stars are born at earlier dynamical stage. Diffuse star cluster forms

»* Dynamical Evoelution: of Glebular Cluster

v'Observable profiles change as the cluster evolves.

v'DM halo is stripped by tidal interaction with the host
galaxy. ——) Low mass-to-light ratio.

v'Simulation results are well consistent with observations.

Our GC formation scenario Is plausible to explain the observed GCs
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