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Motivation: IMF variations in early type galaxies”

Kinematics Direct detection low-
mass stars
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M/Ly of GCs: an “easy” probe of the IMF
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1 virial equilibrium 217+ W =0




M/Ly of GCs: an “easy” probe of the IMF

1 virial equilibrium 217+ W =0

2 kinematics (e.g. RVs)

3 surface brightness profile



M/Ly of GCs: an “easy” probe of the IMF

1 virial equilibrium 217+ W =0

2 kKinematics (e.g. RVs)
3 surface brightness profile

4 measure Ly and compare M/Ly to SSP model



Transition between GCs and ultra-compact dwart galaxies
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Reduced M/Ly of GCs: depletion of low-mass stars?

0.5 Y
. models: 3 (full), 7 (dashed), 16 (dotted) ]

£ :
z 8
. ]
E S - W o o o e o e e R T e T
‘;’ E | Milky Way |
‘éw j T " E
I ] " .' :
< L

20 -

-250 . - et I S
-1.0 -0.5 0.0 0.5 B
log m/Mg

Lamers et al 2013

_ ; _
| o

. I.

-+ .‘

) , "'.' ----- - o

-’o'..
------- v

= -

- L e lasisasss, lassssssss Pttty
8 5 6 7 8

log Mass [Mg]

Kruijssen 2008



Low-mass star depletion?

200 GCs in M31
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Low-mass star depletion”

M/L,
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Low-mass star depletion”
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200 GCs in M31
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[Fe/H] dependent IMF?
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[Fe/H] dependent IMF?

”'“/i‘v elrr ' | Ll ] ' L L i 1 1 1 1 I 1 1 I ] I ] I ] ] l 1 1 ' 1 I ] ] |
4 L ® 10% - | [Fe/H] < -1 :
| e 15% " . ° -
| . 25% . i ! . ]
- < a * e - . o N
3 o 125 Gyr i ®* ¢« o e
B Kroupa IMF - i ¢ i
i i . °, ¢
L , - e B -
; i . A B g IS o0 oo N
2 |- - ! ® o° -
f » oV .'. - A o ..
\ . “ep o . : By A :
! R, B Nbe el :’ - i . ]
B o, ** . b .’s‘. . oty - o ~
R~ . * . PR L h - o} —
l 2 ° ° & ® ?..‘. P e 0-5 ‘
- L J . ° ‘e al B 1
i . e .. ° _ L _
0 L 1 I ! L 1 1 l 1 L . - I 1 . O [T TN W T NN T TN TR WO NN THNY YN SN W NN SN W NN SN NN A
-2 -1 0
4.5 9 9.5 6 6.5
[Fe/H] (dex) log Mass (M)

Strader et al. 2011



<R>

M/Ly of GCs: an “easy” probe of the IMF?

GCs are collisional systems ..
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M/Ly of GCs: an “easy” probe of the IMF?

virial equilibrium revisited

3D quantities observable quantities
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M/Ly of GCs: an “easy” probe of the IMF?

virial equilibrium revisited

3D quantities observable quantities
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M/Ly of GCs: an “easy” probe of the IMF?

virial equilibrium revisited

3D quantities observable quantities
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M/Ly of GCs: an “easy” probe of the IMF?

virial equilibrium revisited

3D quantities observable quantities
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|sotropic:

2 CHALLENGE
B ER

Davoust 1977



CHALLENGE
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(Anisotropic) Lowered |sothermal Model Exploration in Python

|sotropic:

(Aexp(— E) n=1

n—2

1
()= 30 o (<5) |

m=0

n=1— Woolley 1954; n=2 — King 1966; n=3 — Wilson 1975

Davoust 1977



CHALLENGE
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(Anisotropic) Lowered |sothermal Model Exploration in Python

(Aexp(— E) n=1 >
: - n—2 o . (rt)
Isotropic: fa(E) =19 410 e (- ) o E=—27
\ m=0 -
n=1— Woolley 1954; n=2 — King 1966; n=3 — Wilson 1975
. N . A . J?
“Michie” anisotropy:  fu(E,J?) = exp (—JQ) fn(E) =55

Davoust 1977



Comparison to N-body simulations

CHALLENGE
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Multi-mass limepy

2 CHALLENGE
B ER

Include mass dependence in fin a selt-consistent way
Da Costa & Freeman 1976; Gunn & Griffin 1979




Multi-mass limepy

CHALLENGE
B EEE

Include mass dependence in fin a selt-consistent way
Da Costa & Freeman 1976; Gunn & Griffin 1979

Sum DFs of mass bins m; with masses M,

A;exp(—F), n=1

N n—2 m
filE) = A, exp(—E)—Zi(—E) , n>1




Multi-mass limepy

CHALLENGE
Tl SRR

Include mass dependence in fin a selt-consistent way
Da Costa & Freeman 1976; Gunn & Griffin 1979

Sum DFs of mass bins m; with masses M,

A;exp(—F), n=1

N n—2 m
filE) = A, exp(—E)—Zi(—E) , n>1

0 sSingle mass

/ 1 “equipartition”



Equipartition”

“Modelling techniques that assume equipartition by construction
(e.g. multi-mass Michie-King models) are approximate at best.”

Trenti & van der Marel (2013)
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Equipartition”

“Modelling techniques that assume equipartition by construction
(e.g. multi-mass Michie-King models) are approximate at best.”

Trenti & van der Marel (2013)
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Equipartition?

NBODY®6 (Aarseth) simulation:

N=105, evolved MF, orbit in singular isothermal galaxy, rjacobi/malf-mass =10
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Equipartition?

NBODY®6 (Aarseth) simulation:

N=105, evolved MF, orbit in singular isothermal galaxy, rjacobi/malf-mass =10

Density Velocity dispersion
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Equipartition”

NBODY®6 (Aarseth) simulation:

N=105, evolved MF, orbit in singular isothermal galaxy, rjacobi/malf-mass =10

Density Velocity dispersion
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Multi-mass models perfectly describe N-body systems
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Universal IMF = [Fe/H] dependent MF
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Universal IMF = [Fe/H] dependent MF
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Universal IMF = [Fe/H] dependent MF
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No BH
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BH subsystem can survive in GC!

M,/M; = 0.02, N = 128k

—'mz/m'l =20
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Breen & Heggie 2012



BH subsystem can survive in GC!

BH candidates in M22
M>/M; =0.02, N = 128k 20"
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Can we weigh the dark remnants with Gaia-ESO?
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What does M/Ly of globular clusters
tell us about the IMF?

1. M/Lv variations éxplained

DYy MAass

segregation, no need for IMF variations

2. Potential: derive the present day MF of
stars and remnants of clusters






3. Young Massive Clusters
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M/Ly of GCs: an “easy” probe of the IMF?

MW, LMC, Fornax M3

1.5 lllllllllllllll llllllllllllllllllllllll
-

+ - - - M/L, err d
4 ® 10% —
T - | e 15% i
- T + T - . 25% ¢
1= o e N ® E
3 T 7 a ® o
! i‘ 1 i 3~ é : — 125 Gyr
~ s -~ B Kroupa IMF -
2 I m ¢ | g It i :
. 05 [ + 4 4 & | . . o
=) ' X, [ -
ap i 1 i & . pl
0 i 1 m 9 K -, . =
- - - A — L] o °
O [ %} T — g : . ..:.’o ' %
e A ) N o, * . o s ® ‘...
. #. [ ] .0 .,
- { % - s Sl o wtem, T .
- ade - - L . ° 0
-0.5 | -+ -
I PP PN PR FYPIY TR PPN POTTY PATR ) I N S S T S S U S S
-2 -1 0 85 9 95 10 2 o 0

[Fe/H] log(age) [yrs] [Fe/H] (dex)

Zaritsky et al. 2012, 2013, 2014 Strader et al. 2011



1. Which model to choose” zocchiet al.

A. “efnd” mode
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4. \What next?

Couple multi-mass model to:

(fast cluster) evolution code Evolution of mass function
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