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* NUCLEAR STAR CLUSTER FORMATION CHANNELS

~- MERGERS OF ORBITALLY DECAYED STAR CLUSTERS

(TREMAINE, OSTRIKER, SPITZER 1975, FELLHAUER & KROUPA 2002, BEKKI 2004, ANTONINI ET AL. 2012)

- IN SITU VIA GAS DISSIPATION ONTO THE NUCLEUS

(SHINERER ET AL. 2003, 2008, MILOSLAVLEVIC 2004, BEKKI 2007, HARMANN ET AL. 201 1)
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* NUCLEAR STAR CLUSTER FORMATION CHANNELS

~- MERGERS OF ORBITALLY DECAYED STAR CLUSTERS

(TREMAINE, OSTRIKER, SPITZER 1975, FELLHAUER & KROUPA 2002, DEKKI 2004, ANTONINI ET AL. 2012)

- IN SITU VIA GAS DISSIPATION ONTO THE NUCLEUS

(SHINERER ET AL. 2003, 2008, MILOSLAVLEVIC 2004, BEKKI 2007, HARMANN ET AL. 2011)
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NUCLEAR STAR CLUSTERS

10 NSCs: late-types ++ 11
10 err > 100% e 8

® feff NSC ~ 3-9 pC ~ 0.27
* Minsc ~ few x 106 Mo
* ~20% young stellar population
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ADVANCED RAYLEIGH GROUND LAYER ADAPTIVE OPTICS SYSTEM
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v i g

LUCI FoV 4° x 4°

Turbulence

Telescope

- 6 LGS (3 per side)

- 3 LGS on a constellation of 2’ radius

- Focused at 12km
- NGS R<18.5mag
- FWHMynks ~ 0.25” (var<25%), FoV 4’x4’

- >bX less exposure time

LUCI1 & 2 (PI LSW)
- Imaging (zJHK, 0.118”/pix w/ N3.75)
- Spectra (Slitmin=0.25", Rmax=12 000)
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NGC6384

(2015/05/01-02)

8 | Data

e [(775s),H(1030s)
, Ks (70s)
* FoV: 30 x 30 Kpc

Business Card

 D=25Mpc
B | - : _ ® I'pPSF10% = 2.8 PC
* rvefinsc = 15pC
» ‘ . : . " - (Georgiev&Bdker'14)
. . ; M- M, =1.3x107 [Mo]
: e, e« Mg=4.3x1010[Mo]
: . { . (Georgiev+16)
’ . « SED mass
" e Structure
e Gradients
LBT /ARGOS & LUCI2
larcmin el JH -

~7.3Kpc



LBT /ARGOS & LUCIZ
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NGC6384

FIT TO THE CENTRA
5.7X5.7 KPC

2D MODEL WITH
IMFIT (ERWIN 2015)
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Flux [m]y]

Relative residual flux.

101 E Stellar attenuated
i *t1nr FrL vy /- Stellar unattenuated
I Nebular emission
i —— AGN emission
i i = Model spectrum
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Tarcmin

~2.5Kpc

LBT /ARGOS & LUCI1
JH

M5 1

(2016/05/23)

Data

e J(48s), H(54s), Ks (60s)

* FoV: 10 x 10 Kpc

» [ .S0.25, 8x150s (20min),
Tot=1hr

Science objectives

* Nuclear star cluster in NIR

e Coexisting with MBH?

* Old and young star cluster
population (galaxy SFH)




Tarcmin

~2.5Kpc

LBT/ARGOS & LUCI1
JH

M5 1

(2016/05/23)

Data

e J(48s), H(54s), Ks (60s)
* FoV: 10 x 10 Kpc
* |.S0.25, 8x150s (20min),

Tot=1hr

10PC WIDE SLIT




M5 1

s (2016/05/23)

Performance objectives

 Bright Tip Tilt star
e TT star off axis

Data

e J(48s), H(54s), Ks (60s)
* FoV: 10 x 10 Kpc

e ——————————————————————————————————————— A S S B NI 7 A A e 2 e e LSOZS’ 8x150s (20m|n),

Tot=1hr

Science objectives

* D=8.6Mpc

 HST data

* Nuclear star cluster in NIR

» Coexisting with MBH?

* Old and young star cluster
population (galaxy SFH)



Data Spectra
e J(48s), H (54s), Ks (60s) « R~10 000
* FoV: 10 x 10 Kpc * M51 nuc S/N ~15
e | S0.25, 4x150s, Tot=1hrs e MW star S/N ~25
Na Ca Mg

M5 1

(2016/05/23)

0.8
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0.2

-0.2

-0.8

Control MW star projected near M51 blue-shifted by 92 km/s (+37.06) —
MS51 nucleus blue-shifted by 565km/s (+37.06) —

Model: R=10 000; T=4200; 1gg=4.5 Fe/H=-0.5; Vmic=3.0km/s

Model: R=10 000; T=5000; 1gg=1.0; Fe/H=0.0; Vmic=3.0km/s Vmac=100
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NGC4449

(2016/03/16)
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NGC4449

(2016/03/186)

Performance objectives

e | « Bright Tip Tilt star
" « Many stars
B |« Off axis dither tests

Data

e J(90s), H(115s), Ks (155s)
l* FOV: 4.4 x 4.4 Kpc

* TRGB (Ks~22mag @ N4449
 Jotal execution time 30min

Science objectives

* D=3.8Mpc;Optical HST data

* Nuclear star cluster in
formation?

* Old and young star cluster
population (galaxy SFH)

- LBT /ARGOS & LUCI1

1arcmin
~1.1Kpc o JH



NGC4449

(2017/03/11)
BINOCULAR SPECTRA!
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V1 sg=3.96km/s; Vi ;,=—2.28km/s NGC4449 spectrum shifted by —15.4A (=209.1km/s) —
Control MW star projected at 48" from NGC449 shifted by —1 4A (19km/s)
Model: R=10 000; T=4000; 1gg=3.5 Fe/H=-1.0; Vmic=2.0km/s —

l

Mg Al Si,Ti Ca Mg
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199=21060.62A

d=
M

I
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MAFFEI 2

T . (2016/10)
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. J
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MAFFEIZ2

(2016/10/23)

Vielio=10.45km/s; V| gg=13.52km/s Control MW star projected at 50" from Maffei2 shifted by —25A (=345km/s) —
Maffei2 nucleus shifted by +2A (28km/s) —

Maffei2 nuclear zone shifted by +2A (28km/s)

Model: R=10 000; T=4200; lgg=2.5 Fe/H=0.0; Vmic=2.0km/s; Vmac=2.0km/s
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CONCLUSIONS

« Large Field High spatial resolution data is cruciall

e Multi-wavelength (HST+LBT): NSC stellar pops (AGN?)

« High-res K-band spectra: essential for NSC and MBH

« Reliable characterisation of NSCs, host galaxies and their cluster populations

LBT/ARGOS/LUCIs expands the NSC scientific volume by 8x

NIR Nuclear and Star cluster survey of late-type hosts:
Imaging (10)x30min JHKs: M31, 51,101, Maffei 1&2, IC342, N2903, 4449, 6384, 6946
Spectra(4)x1hr, K-band: M51, Maffei 2, IC342, N4449

http://www.mpia.de/~georgiev/LBT/colour.html



