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HOW DO WE DETECT IMBHSs?

PHOTOMETRY: KINEMATICS:
shallow cusps in the central rise in the
surface brlghtness profile velocity dispersion profile
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These
and can also be accounted for by different processes'
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DEGENERACY OF THE KINEMATIC SIGNATURE
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INVESTIGATING THE DEGENERACY

Dynamical models:
anisotropy + multiple mass components

radially-biased
pressure anisotropy

population of remnants
or binaries in the centre
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INVESTIGATING THE DEGENERACY

Dynamical models:
anisotropy + multiple mass components
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DISTRIBUTION FUNCTION BASED MODELS

LIMEPY - Lowered Isothermal Model Explorer in PYthon

f(E,Jz):Aexp< T ( >

¢(r1) —@ g)

)
l \ gy v3
Particular cases

+ ¢(r)
(When r_— o). J° = I V‘Z = r*v* sin” 6
e g=0-Woolley 1954 = _ 0
o g=1-King 1966 & &=
e g=2- Wilson 1975 E(xg) =4 (8 x)
ORI e g>0
(non-rotating limit) I'(g)
Davoust 1977
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Gieles & Zocchi 2015 https://github.com/mgieles/limepy
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DISTRIBUTION FUNCTION BASED MODELS

LIMEPY - Lowered Isothermal Model Explorer in PYthon
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Model parameters: 3 3 > o
concentration, , J? = e x v|? = r*v’sin® 0
anisotropy radius
Py o g =0

Physical scales: mass, radial E(x;(g) = ex’Y(gax) >0
scale (determined by A, s) F(g) 8

Davoust 1977

Gomez-Leyton & Velazquez 2014 LIMEPY is available online:

Gieles & Zocchi 2015 https://github.com/mgieles/limepy
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DISTRIBUTION FUNCTION BASED MODELS

LIMEPY - Lowered Isothermal Model Explorer in PYthon

Multiple mass components
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Gunn & Griffin 1979 LIMEPY is available online:
Gieles & Zocchi 2015 https://github.com/mgieles/limepy
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LIMEPY MODELS vs NUMERICAL SIMULATIONS
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LIMEPY MODELS vs NUMERICAL SIMULATIONS

RADIAL ANISOTROPY
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LIMEPY MODELS vs NUMERICAL SIMULATIONS

REMNANTS & MASS SEGREGATION

Mass function:
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INVESTIGATING THE DEGENERACY

Dynamical models:
anisotropy + multiple mass components

radially-biased . & CEN
pressure anisotropy
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DYNAMICAL STUDY OF w CEN

Zocchi et al., to be submitted

Surface brightness profile
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Data: Noyola et al. 2006; Trager, King, Djorgovski 1995
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DYNAMICAL STUDY OF w CEN

Zocchi et al., to be submitted

Proper motion data: radial — 15

and tangential velocity
dispersion profiles

Line-of-sight velocity
dispersion profile

23f Data: Noyola et al. 2008; |
. } Reijns et al. 2006
20! ¢ $ Pancino et al. 2007
)]
*-é- 15+
X — k=1.0
2 — k=1.05
CRU k=1.1
k=1.15
5| k=1.2
k=1.25
—_— g=1.3
05 ] 32 3
10 10 10 10

R [arcsec]

or [km/s]

20}

10+

Data: Anderson &
van der Marel 2010;
van Leeuwen et al. 2000

10!

10° 10°
R [arcsec]

Alice Zocchi, Universita di Bologna

11



DYNAMICAL STUDY OF w CEN

Zocchi et al., to be submitted

Anisotropy profile
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INVESTIGATING THE DEGENERACY

Dynamical models:
anisotropy + multiple mass components

. population of remnants __nGe 6397
or binaries in the centre
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MASS SEGREGATION IN NGC 6397

Goldsbury, Heyl, & Richer 2013
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DYNAMICAL STUDY OF NGC 6397

WORK IN PROGRESS!

¢ |sotropic multiple components LIMEPY
models, with and without mass segregation

¢ Mass function:
- Kroupa IMF between 0.08 and 100 solar masses
- Age ~ 12.5 Gyr
- Metallicity: Z = 0.0002

¢ No stellar mass black holes
¢ All neutron stars retained (no velocity kicks)

¢ Fitting parameters: W, g, M, r_
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DYNAMICAL STUDY OF NGC 6397

WORK IN PROGRESS!

Surface brightness profile

16 k ® o - - NO mass segreg. | |
e S ] — Mass segreqg.
18}
™1
&)
Q 20t
wn
(@)
|-
C
> 2}
:
< 24f
26 |
28 L
107 10

R [pc]

Data: Kamann et al. 2016; Trager, King, Djorgovski 1995
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DYNAMICAL STUDY OF NGC 6397

WORK IN PROGRESS!

Velocity dispersion profile
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CONCLUSIONS

® Pressure anisotropy or the presence of a population
of remnants in the centre of clusters cause a rise in
the line-of-sight velocity dispersion of globular clusters.
This creates a degeneracy with the rise that is expected
when an IMBH is present at the centre of the cluster.

= Anisotropic dynamical models (no rotation, stars all with
the same mass, no intermediate-mass black hole)
describe reasonably well the surface brightness
and (LOS and PM) velocity dispersion profiles of w Cen.

® Multi-mass isotropic models (mass segregation, no
rotation, no intermediate-mass black hole) describe
reasonably well the surface brightness and
velocity dispersion profiles of NGC 6397. [In progress!]
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