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The Galactic center

SMBH M = 4x10°Mg

Stellar cusp <= P

cw stellar disk
scale 0.05 - 0.5 pc, mass 103-10% Mo,

O®B stars, age ~ 5 Myr

2 cew uneluned disk

S-cluster N ~— 220 B—tgpe stars
5-50 mpe, random ortentations
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Simulating the Galactic center

0 @ GRAPE: parallel direct summation N-body code, 4th

order Hermite tntegrator, predictor-corrector scheme,
QRAPE Sl’CP‘POYt Harfst, Gualandris, Merritt,

Portegies Zwart, Berczik (2007 )

AR-CHAIN: algorithmic regularization code with PN
terms up to order 2.5

Mikkola & Merritt (2008)

0 @ GRAPECh: hybrid N-body @ GRAPE + chain

regularization

Harfst, Gualandris, Merritt, Mikkola (2008)
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Evolution of the S-stars
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the stellar cusp

O Hopman § Alexander (2006) multi-mass moolel
N=3#5000 r < 0.01 pc

0 SMBH Mcouen = 3X10° Mo

O MS starswt = 1 Mo, WP M = 0.6 Mo,
NS m = 1.4 Mo, BH WM = 10 Mo

0 S-stars: SO0-2, SO0-16, SO—iﬁ, SO0-20, SO-1
m = 1.5 Mo
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" Evolution of the S-stars in
the stellar cusp

0.01

N=3.5x10% stellar cusp

_ Newtonlan Preoessiow
| E/ A(D“ M*(<V)/Mg|.+
' retrograde

— Resonant relaxation

Simulations performed with
@ GRAPECK

Ai (deg) AQ(deg) Aw(deq)

200 400 600 Harfst, Gualandris, Merritt, Mikkola (2008)
time (yr)
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Evolution of the S-stars in
the stellar cusp  ceiations of the

S T3, potential from
S spherical symmetry
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Evolution of S-stars + IMBH

SMBH MSM’BH’ . “{')CLOé Mo
20 S-stars mw = 10Mp

IMBH Mpmen = 400, 1000,
2000, 4000 Mo

a=0.31,3,10, 30 mpc
12 positiows ow the sky

Eimer — O

Gualandris & Merritt (in prep.)
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Evolution of S-stars + IMBH
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M _imeH = R000Me
a =10 V%'PG
ejection
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time (yr)

Aipme — 30 VWPG

Simulations performed
with AR-CHAIN
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Gualandris & Merritt (in prep.)
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Evolution of S-stars + IMBH

Rate of stellar captures
(13/100) x (10*/19) ~ F0 captures/10 Myr
R ~FXx107° yr

4> Bst | A

1 I 1 1 1 1 I 1 1 1 1 I 1 1
2X10° . 3103 4x103

MIMBH (MG)
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Origin of the $-stars

O captured during a 3-body encounter
stellar binary + SMeH
=> high eccentricity

O formed tn a gaseous disk and migrateo
to current Location = Low ecaew’crioi‘cg
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Origin of the S-stars

Isotropie cusp N = 1200

N, = 1000 N, = 200

m, = 3 Me S-stars, m, = 10 Mo bhs
Mey = 2.6X10° Mo

Power-Law distribution v ¢, 0.001 < r < 0.05 pe
a = 2forbhs, a = 1.5 for s-stars
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Origin of the S-stars

Ecoewtriaitg distribution

T T T T T T
I simulations: 20 Myrs Il Simulations: 20 Myrs
I Observations | | I Simulations: 5 Myrs
B Observations

0 | \ | i | “ | l | I | | | | [L
0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1

04 05 06 07 08 09 1 0 0.4 5 0.
Eccentricity Eccentricity

high tnitial eccentricities Low Lnitial eccentricities
(e>0.96) b'w»arg disruption (e<0.3) disk origin

Simulations performed with ¢ grAPE Perets, Gualandris, Merritt, Alexander (in prep.)
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Evolution of the stellar disk

O Stars tn the CW disk have significant
eccentricltles: € > 0.2 (Pawmard et al. 2006),
e> 0.4 (Luwetal. 2006)

O Stars unthe cCW disk e > 0.2 (Pauwmard et
al. 2006)

O Origin of disk stars: tn situ formation
from an accretion disk
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Single stellar disk M = 5000 Mg
N = 5000 equal, mass stars

N = 2500 stars with Salpeter mass function

thin disk (H/=R ~ 0.01), all stars ~ cireular (e < 0.01),
surface denstty ~ r=

MgH- —_ 3.6)(106 Mo

with/without stellar cusp (1.6x10* black holes m = 10 Mo,
r=power-law distribution between 0.01-0.2 pe)

Wednesday, August 13, 2008 19



Evolution of the stellar disk

== disk+cusp: low mass stars
== disk+cusp: high mass stars
= ==disk: low mass stars

= = = disk: high mass stars
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Simulations performed with
P GRAPE Perets, Gualandris, Merritt, Alexander (in prep.)
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without black hole CUSP with black hole CUSP
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