
Integral Field Spectroscopy SINFONI observation of AGN at z~1.5  
Astrid San Martín J.

 Estudiante Mag. en Cs. Físicas 
 aesanmar@uc.cl  -  a.sanmartinjimenez@uandresbello.edu

Profesora Guía:  Isabelle Gavignaud, Ph. D.

Abstract
The aim of the study is to obtain properties of distant low luminosity active galactic nuclei (AGN). In terms of galaxy evolution, nuclear activity seems to play 
an important role.  AGN feedback processes may have impacts on the evolution of galaxies, as these processes are thought to affect the efficiency of star for-
mation [3]. Therefore it becomes interesting to study the AGN host galaxy. SINFONI is an adaptive optics assisted near infrared integral field spectrometer 
mounted to the ESO VLT.  The integral field spectroscopy allows us to explore spatially extended sources,  to resolve properties of high redshift galaxies. We 
present the observation of two low luminosity AGNs from which we want to disentangle the properties of it’s host galaxy. The selected galaxies to be studied 
J0959+0243 @z=1.31 and J022529-044044 @z=1.55 were observed with SINFONI from VLT in the H band during a total of 6 hours each. We present here 
our ongoing work. We obtain the reduced data-cube corresponding to the observation with J0959+0243 and J022529-044044 IR spectrum. The broad Hα  
emission line is clearly observed in both cases, with some important differences.  Improving reduction steps and the deconvolution in the AGN and host galaxy 
components is the next step in this study.

Integral Field Spectroscopy [1]
The integral field spectroscopy (IFS) objective is to gather spectra from sky in a 
two dimensional field of view.  The final product is a data-cube with axis x and y 
(spatial coordinates) and  wavelength. The integral field spectrograph has two 
component: the spectrograph and the integral field unit (IFU). SINFONI is a 
near infrared (1.1-2.45 µm ) integral field spectrograph fed by an adaptive optic 
module. It uses image slicer: the image is formed on a mirror that is segmented 
on 32 thin horizontal sections. A second 
segmented mirror is arranged to reformat 
the slices and redirect the light to the 
spectrograph. The advantage of using IFU is 
the better use of incident light when the 
object is extended,  exploring spatially ex-
tended sources in a spatially extended way.

Reduced data

Target Selection
We select a sample of z~1.1-1.8 AGNs from to spectroscopic survey: the 
Sloan Digital Sky Survey (SDSS) and the VIMOS VLT Deep Survey applying 
the following criterium: 
1.- the object had to be observed with HST/NICMOS 
2.- it was possible to derivate the BH mass estimate based on the MgII 
broad emission line, 
3.- the redshifted wavelength of Hα  is away from the OH sky emission 
line, 4.- the expected Hα  luminosity, estimated from the OII flux, is suffi-
cient to probe the galaxy kinematics, 
5.- a star bright enough for the adaptive optic tip-tilt correction is available 
within 40 arcsec of the target galaxy.  

Future Work
Improving reduction steps for both objects J0959+0243 and J022529-044044  is 
the next step in this study.  Also the deconvolution in the AGN and host galaxy 
components. Different methods of deconvolution will be applied. We aim then 
at deriving the physical and dynamical properties of J0959+0243 and J022529-
044044  host galaxy.

Data reduction and data analysis
The data reduction was performed with the ESO-SINFONI pipeline. In com-
plement, we wrote some specific Python routines to improve some reduction 
steps. In particular we generate a mask to identify wavelengths intervals affected 
by sky line residuals. 
After calibration procedure, we perform the broad line fitting and deconvolu-
tion process (J0959+024325.1). First a 15 pixels region was integrated. The 
broad line was fitted into a gaussian ignoring the central part of the broad line. 
Considering as constant the AGN emission, a normalization factor was applied 
to the fitting in order to use it in each spaxel. Subtracting the normalized fitting 
to the spectrum we get a residual. This residual would represent the host gal-
axy. 

Our targets

Eddington rate 0.63

MBH (MgII) 1.7x108Msol

IAB 18.43 ( I band from SDSS)

Eddington rate 0.06

MBH (MgII) 1.9x108Msol

IAB 22.6

We target two AGN of similar mass and redshift but with very different Ed-
dington ratios.

Black hole vs. stellar mass in COSMOS 3

TABLE 1
Sample summary

MBH
b F814Whost F160Whost Sérsic nc (B ! V )resthost log(M!,total)d

XMM-Newton namea XIDa z (M") Refb (AB mag) (AB mag) F160W (Vega mag) (M")
XMMU J100118.5+022739 14 1.065 8.52 1 20.70 19.41 1.9 0.38 11.25
XMMU J100046.8+020016 59 1.923 8.52 2 – 20.28 0.6 0.15–0.75 11.23–12.05
XMMU J095927.7+020010 219 1.248 8.22 2 22.55 20.61 2.1 0.49 11.02
XMMU J100035.3+024303 281 1.177 8.32 1,2 22.63 20.25 3.5 0.74 11.37
XMMU J095928.5+015934 329 1.166 7.96 1,2 22.95 21.03 1.7 0.58 10.89
XMMU J100130.7+021147 2148 1.526 8.43 1 23.45 21.15 1.5 0.40 10.94
XMMU J100243.8+020502 2261 1.260 8.05 1 – 21.38 – 0.15–0.75 10.42–11.01
XMMU J100226.9+015938 2637 1.630 8.35 1 24.12 20.72 1.8 0.73 11.57
XMMU J095903.2+022001 5049 1.131 8.55 2 22.66 20.82 1.5 0.57 10.92
XMMU J095908.1+024310 5230 1.359 8.22 1 – 19.13 – 0.15–0.75 11.38–12.00

aOriginal XMM-Newton source name and ID, Cappelluti et al.
(2009)
bSource for MBH: (1) Magellan/IMACS, Trump et al. (2009b);

(2) zCOSMOS/VIMOS, Merloni et al. (2009); average value where
two measurements are available given; MBH-errors are quoted as
0.4 dex and 0.3 dex, respectively
cFrom free-n fit before fixing
dTotal uncertainty is +0.3 dex and –0.40 dex (Section 3.3).

XID 14 XID 59 XID 219 XID 281 XID 329

XID 2148 XID 2261 XID 5049XID 2637 XID 5230

Fig. 1.— Nucleus-removed host galaxy images after GALFIT modelling in the HST/NIC3 F160W filter. Images are 7## " 7##, some
objects lie near NICMOS tile edges.

with L and M in solar units. This calibration is based
on the Chabrier IMF (Bell & de Jong 2001, and priv.
comm.), has Vega zeropoint, and is quite insensitive to
dust extinction due to its counteracting e!ects on M/L
and luminosity. While originally created for a study on
disk galaxies, it also contains models for old single burst
populations, more typical for evolved ellipticals. Ap-
proximate uncertainties in the resulting stellar mass are
+0.1 dex and –0.3 dex. This asymmetry accounts for
galaxies with possibly complex star formation histories,
e.g. recurrent bursts. Compared to smooth SF histories
this will decrease the M/L at fixed color.

We convert our measured (F814W–F160W) colors to
restframe (B ! V )host by applying both a K-correction
and a color term, individually for each object and its
redshift. For this purpose we identify for each galaxy the
single stellar population model from Bruzual & Charlot
(2003, Chabrier IMF, solar metallicity) with the closest
(F814W–F160W) at given z. Since the interpolation in-
tervals are rather small and since we are not using the in-
terpolation SED to extract any further information, this
method is quite insensitive to the exact choice of models,

and errors from M/L dominate.
For the three host galaxies only detected in F160W we

have to make assumptions for the interpolation template
to convert observed F160W to LV, as well as for the color
(or M/L) in equation 2. On the red/old side we assume a
value of (B ! V ) = 0.75 (Vega ZP) corresponding to the
red end of the red sequence at z " 1.5 (Kriek et al. 2008),
a value also consistent with the reddest values of the rest
of the sample. As a blue limit we use (B ! V ) = 0.15,
corresponding to 3! from the mean value for COSMOS
inactive galaxies at z " 1.4, log M!,total > 10.7 and age
t < 1 Gyr. These assumptions should bracket the true
M/L, and provide robust limits on host galaxy stellar
mass.

3.3. Stellar mass uncertainties

Uncertainties in stellar mass have several sources. In
addition to the (B ! V ) calibration stated above, the
strongest contributions come from (1) GALFIT preci-
sion of extracting the host galaxy, (2) potential influence
from di!erent spatial resolutions in the ACS and NIC3
images, and (3) dependency of bandpass conversions on

 Figure4-7: HST/NICMOS image and calibrated 
spectrum of our targets.

Figure2:  Sketch representing the 3 types of IFS instru-
ment. Image credit: M. Westmoquette, adapted from 
Allington-Smith et al. 1998

Galaxies and their SMBH
Observations of the Hubble Space Telescope showed that most of galaxies 
harbour a supermassive black hole SMBH in it’s center.  There is a correla-
tion between the mass of the SMBH and the lu-
minosity of it’s galactic bulge. 
There is general agreement on the hierarchical 
model of evolution but observation showed so-
mething different. Observations shows an anti-
hierarchical formation process.
Two models to find the key: co-evolution and pa-
ralel formation. The paralel formation model im-
plie that galaxies evolve independently, as a result 
of an statistical process. Co-evolution model im-
plie that galaxies interaction with their SMBH 
affects efficience of star formation process.

• J022529-044044

• J0959+024325.1

 Figure9-10 (up-down right): Final data cube obtained after 
combining 15 and 11 exposures of 300 seconds respec-
tively . Note that the remaining bright  spots are skyline re-
siduals. Our targets are figured with a green circle.

Figure11-13 (up-down left): IR spectrum of 
J0959+0243 and J022529-044044.  For 
J0959+0243 we present the integrated spectrum 
and the spectrum of one spaxel.

• J0959+024325.1

• J022529-044044
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