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Science Case
Provide the ultimate test of galaxy formation 

theories: 
epoch and mode of baryonic mass build-up

• Spatially resolved spectroscopy of a sample of ~1000 
massive galaxies at 2<z<~5 

‣ direct kinematics of stars and gas in the first 
generation of massive galaxies in the range 

0.1<Mstar<5x1011 M

‣ dynamical masses, ages, metallicities
‣ differential evolution of disk and spheroidal 
components as a funct. of z

‣ physical channels of mass assembly from since z~5



MethodInput for 3D Spectroscopy simulations (Mathieu P.)

(Mstar, z) ⇒ KAB and ∑(gals/arcmin2) from observed 
n(Mstar,z), n(LUV,z)

V(x,y) for a rotating disk (from kinematic
observations of local galaxy) and a major merger (from 
models)
VMax from local TF relation (VMax-Mstar)

PSFs for MOAO case & seeing limited + spatial/spec 
sampling

Sky spectrum (site, OH impact? still pending)

Output of simulations: Velocity maps, σ-maps, 
em.line imaging

Analysis of simulations

Kinematic classifications (mergers vs disks vs 
in/outflows)

Analysis of “Observations”-Models 2D kinematic maps

Diagnostic diagrams to establish minimum <S/N> needed 
for kinematic
studies
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Reference case (z=4, M* galaxy)

z=4,                HAB =24.5 (M* @z=4)
Vmax ≈ 200 km/s Log(M*)=10.7 M
EWrf=30A (OII in H band)
RH =200 mas,  Rgal = 4RH =0.8”(5.6 kpc)

D=42m      ExpTime=24h
R=5000     Pixel=50 mas
Sky=16.4 in H (1.3 mag brighter than ETC)
MOAO PSF with EE=12-37% in100mas=2pxl
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Reference case (z=4, M* galaxy)12% EE 37% EE

Rotating disk

Mergers



Simulating Sinfoni observations of a massive galaxy at z=2.34
(real life validation of simulations)

(Genzel et al., Nature, 44, 2006)

KAB =21.1 (incl. Hα line em.),  (FHα
 
= 2.5×10-16 cgs)

Rgal ~1”,  Mtot =1.1×1011M ,   Mstar=8×1010M
Vc =230 km/s,   EWrest =140 A,   ExpT=6h

Vel σ



Gaussian PSF (improved seeing) Rotating disk
100 masFWHM: 500 mas200 mas 300 mas 400 mas

42 m30 m



MergerGaussian PSF (improved seeing)

100 masFWHM: 500 mas200 mas 300 mas 400 mas

42 m30 m



z=5.6 (OII in K) disk galaxy at different masses

0.1 M* 0.5 M* 1.0 M* 5 M* 10 M*

MOAO PSF (EE=44% in 0.1”)



z=5.6 disk M* galaxy at different “seeing”

100 mas 200 mas 300 mas 400 mas 500 mas

Gaussian PSF



Analysis of 2D kinematic simulations

Merger

Disk

Best AO
(EE=37%)

EE=12%

Median of
χ2 distribution
(error normalized)

σ shift from 
kinematic center
(error normalized)
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z=2, 
4hr

z=4, 24hr

z=5.6, 
24hr

Avg. emission weighted <S/N>



Scaling relations and Summary

• Reliable Kinematic studies out to z~6 of super-L* galaxies, and down to 0.1 M* at z=2

• No breaking points in telescope diameter 

- 42 30 m  implies a factor ~2 in mass, however only the very tip
of the mass function would be accessible at z~6

- To reach the same goals at higher redshifts: D~z2.4

• “Improved seeing” AO (~0.3”) not significantly different from MOAO 
with good Strehl for kinematic classification. 
Better Strehl better recovery of rotation curve

• ELT-ETC could be improved for spectroscopy

• Study of DRM Mass Assembly case mostly completed

Minimum <S/N> for kinematic studies:
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