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nuclear star clusters

• reff,NSC ~ 3-5 pc ~ 0.2” 
•MNSC ~ few x 106 M   
•~20% young stellar population

Georgiev & Böker'14
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M31 
LBT / ARGOS & LUCI1 

JHKs

G1 



Advanced Rayleigh Ground layer adaptive Optics System

LUCI FoV 4’ x 4’

• 6 LGS (3 per side) 
• 3 LGS on a constellation of 2’ radius  
• Focused at 12km 
• NGS R<18.5mag 
• FWHMJHKs ~ 0.25” (var<25%), FoV 4’x4’ 
• >6x less exposure time 

LUCI 1 & 2 (PI LSW)
• Imaging (zJHK, 0.118”/pix w/ N3.75) 
• Spectra (Slitmin=0.25”, Rmax=12 000)

Telescope

Turbulence

8-12 km
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NGC6384 
(2015/05/01-02)

Business Card 

• D=25Mpc 
• r PSF,10% = 2.8 pc 
• r V,eff,NSC = 15pc 

(Georgiev&Böker’14) 

• Mn =1.3x107 [M ] 
• Mg =4.3x1010[M ]

(Georgiev+16) 

• SED mass 
• Structure 
• Gradients

Data 

• J(775s),H(1030s)
, KS (70s) 

• FoV: 30 x 30 Kpc

LBT / ARGOS & LUCI2 
JHKs1arcmin 

~7.3Kpc



NGC6384

LBT / ARGOS & LUCI2 
JHKs

Fit to the central  
5.7x5.7 kpc 

2D model with  
imfit (Erwin 2015)



LBT / ARGOS & LUCI2 
Ks

442pc
4.4’

2D model with  
(King,Sersic,Exponential)



LBT / ARGOS & LUCI2 
Ks

442pc
4.4’

model - Data 
(Residual)
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Mo = 1.7±0.7 x 107M☉ 
My = 2.9±0.4 x 106M☉ 

Zo=0.016±0.006 (~Z☉) 
Zy=0.043±0.013 

Ageo = 10.8±1.4 Gyr 
Agey = 255±123 Myr



M51 
(2016/05/23)

LBT / ARGOS & LUCI1 
JHKs1arcmin 

~2.5Kpc

Science objectives 

• D = 8.6 Mpc 
• HST data 
• Nuclear star cluster in NIR 
• Coexisting with MBH? 
• Old and young star cluster 

population (galaxy SFH)

Data 

• J (48s), H (54s), KS (60s) 
• FoV: 10 x 10 Kpc 
• LS0.25, 8x150s (20min), 

Tot=1hr



M51 
(2016/05/23)

LBT / ARGOS & LUCI1 
JHKs1arcmin 

~2.5Kpc

10PC WIDE SLIT

Data 

• J (48s), H (54s), KS (60s) 
• FoV: 10 x 10 Kpc 
• LS0.25, 8x150s (20min), 

Tot=1hr



M51 
(2016/05/23)

Performance objectives 

• Bright Tip Tilt star 
• TT star off axis

Science objectives 

• D = 8.6 Mpc 
• HST data 
• Nuclear star cluster in NIR 
• Coexisting with MBH? 
• Old and young star cluster 

population (galaxy SFH)

Data 

• J (48s), H (54s), KS (60s) 
• FoV: 10 x 10 Kpc 
• LS0.25, 8x150s (20min), 

Tot=1hr
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Wavelength [micron]

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

Model: R=10 000; T=4200; lgg=4.5 Fe/H=-0.5; Vmic=3.0km/s
Model: R=10 000; T=5000; lgg=1.0; Fe/H=0.0; Vmic=3.0km/s Vmac=100

M51 
(2016/05/23)

Data 

• J (48s), H (54s), KS (60s) 
• FoV: 10 x 10 Kpc 
• LS0.25, 4x150s, Tot=1hrs

Spectra 

• R~10 000 
• M51 nuc S/N ~15 
• MW star S/N ~25

Na Ca Mg



NGC4449 
(2016/03/16)



NGC4449 
(2016/03/16)



LBT / ARGOS & LUCI1 
JHKs1arcmin 

~1.1Kpc

NGC4449 
(2016/03/16)

Performance objectives 

• Bright Tip Tilt star 
• Many stars 
• Off axis dither tests

Science objectives 

• D=3.8Mpc;Optical HST data 
• Nuclear star cluster in 

formation? 
• Old and young star cluster 

population (galaxy SFH)

Data 

• J (90s), H (115s), KS (155s) 
• FoV: 4.4 x 4.4 Kpc 
• TRGB (KS~22mag @ N4449) 
• Total execution time 30min
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Wavelength [micron]

VLSR=5.96km/s; Vhelio=−2.28km/s����NGC4449 spectrum shifted by −15.4Å (−209.1km/s)
Control MW star projected at 48" from NGC449 shifted by −1.4Å (19km/s)

Model: R=10 000; T=4000; lgg=3.5 Fe/H=−1.0; Vmic=2.0km/s

NGC4449 
(2017/03/11) 

Binocular spectra!



Maffei 2 
(2016/10)

LBT / ARGOS & LUCI1 
JHKs1arcmin 

~0.9Kpc



Maffei 2 
(2016/10)

LBT / ARGOS & LUCI1 
JHKs1arcmin 

~0.9Kpc
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VHelio=10.45km/s; VLSR=13.52km/s����Control MW star projected at 50" from Maffei2 shifted by −25Å (−345km/s)
Maffei2 nucleus shifted by +2Å (28km/s)

Maffei2 nuclear zone shifted by +2Å (28km/s)
Model: R=10 000; T=4200; lgg=2.5 Fe/H=0.0; Vmic=2.0km/s; Vmac=2.0km/s

Maffei2 
(2016/10/23)
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Maffei2 nuclear zone shifted by +2Å (28km/s)
Model: R=10 000; T=4200; lgg=2.5 Fe/H=0.0; Vmic=2.0km/s; Vmac=2.0km/sMaffei2 

(2016/10/23)

277 km/s! 
MBH?



Maffei2 
(2016/10/23)



NGC2903 
(2017/03/14)



NGC2903 
(2017/03/14)



CONCLUSIONS 

• Large Field High spatial resolution data is crucial! 

• 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


