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What is GIRMOS?

4x multiplexing advantage 
over similar instruments.

Object Selector
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AO
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Mirror

Imager

GIRMOS is an AO-fed multi-object integral field spectrograph
• Can simultaneously observe four objects
• Has an additional multi-object AO (MOAO) system that can improve 

performance over the full MCAO field
• Has a parallel imager that observes the unobscured parts of the field



GIRMOS Block Diagram



GIRMOS Mechanical Diagram

Successfully completed Conceptual Design Review in Sept. 2019



Requested Scientific Modes

Multiple Objects Single Object
Pick-off System Tiled Super-IFU

MOAO LTAO/MCAO



Instrument Parameters
AO Image Quality 50% EE in 0.05” in H-band 

(LTAO)

50% EE in 0.1” in H-band 
(MOAO)

50% EE in 0.4” in H-band 
(GLAO)

Field-of-Regard for 

MOAO

2’ diameter patrol field

Wavelength Range 0.95 – 2.4 µm Number of IFSes 4

Individual IFS FOV
(100% coverage)

1.0 x 1.0” 

2.0 x 2.0”

4.0 x 4.0”

Spaxel Sampling 0.025”

0.05”

0.1”

Single Object Mode IFS 
FOV
(>60% coverage)

2.0 x 2.0”

4.0 x 4.0”

8.0 x 8.0”

Spaxel Sampling 0.025”

0.05”

0.1”

Overall Throughput 35% Detectors 4x HAWAII-2RG 2Kx2K

Imager FOV 85 x 85” Imager Plate Scale 0.025”

Image Wavelength Range 1.1 – 2.4 µm Imager Detector 1x HAWAII-4RG 4Kx4K

Proposal submitted for Phase A study of incorporating GNAOI into GIRMOS 



w w w . d u n l a p . u t o r o n t o . c a

Galaxy Evolution 
and Dynamics

Star Formation

Globulars and IMBHs

Galaxy Cores & 
Black Holes

Gravitational Lenses

Galaxies at the 
Reionization Epoch

Key Science Programs



GIRMOS Galactic and Nearby Galaxy Science Cases
1. An AO-assisted survey probing the inner regions of Galactic Globular 

Clusters (Lamb, Henault-Brunet, Webb, Bovy, Venn) 

2. Stellar Chemodynamics and the Nuclear Star Cluster Around the SMBH of the 
Milky Way (Lamb, Turri, Venn)

3. Young Star Clusters and Photo-dissociation Regions (McLeod)

4. Young Resolved Massive Star Cluster Formation and Evolution (Andersen)

5. Stellar Populations of Nearby Starburst Galaxies (Davidge)



Globular Cluster Internal Dynamics Survey
M. Lamb, V. Henault-Brunet, J. Webb, J. Bovy, K.Venn



Globular Cluster Science Example: SINFONI + AO

e.g. Lanzoni+ 2013

NGC 6388:
• Massive (106 Msun)
• Bulge Cluster
• Sample: 50+

Search for Intermediate Mass Black Holes

Search for increased velocity dispersion in cluster 
cores

Resolved stars in crowded core



GC Survey Motivation

• IMBHs are a missing link between stellar and 
SMBHs; so far have proved elusive

• Thought to be in massive GCs
• Many GCs distributed around dusty galactic Centre
• Such a survey is ideal for GIRMOS:

• Dusty and crowded: need AO + infrared 
• Massive bulge GCs have IMBH sphere of 

influence ~ 3”
• Little known about GC internal core dynamics: aim 

to survey > 20 GCs with characterized internal 
dynamics

of the entire bulge GC system) and the COBE DIRBE 3.5 !m
inner bulge outline (Weiland et al. 1994). The clusters discussed
in this paper fall into three categories:

Sample A.—Seven clusters (NGC 6342, NGC 6380, NGC
6440, NGC 6441, NGC 6528, NGC 6553, and NGC 6624) have
already been published, and a detailed description of the ob-
servations, data reduction, and analysis can be found in F00,
VFO04a, and VFO04b. This sample has been used to perform a
detailed analysis of the main RGB morphological and evolu-
tionary features, leading to an empirical calibration of suitable
near-IR photometric indices (e.g., RGB color, magnitude, slope,
bump, and tip) as a function of the cluster metallicity.

Sample B.—Five clusters (NGC 6304, NGC 6569, NGC 6637,
NGC 6638, and NGC 6539) were presented in VOF05 and O05,
in which a detailed description of the derived IR CMDs and an
analysis of the RGB properties can be found. For this sample we
derived the clusters’ metallicities using the calibration of VFO04a
and VFO04b.

Sample C.—Twelve clusters (NGC 6256, NGC 6266, NGC
6273, NGC 6293, NGC 6316, NGC 6255, NGC 6388, NGC
6401, NGC 6642, Ter 3, Ter 5, and Ter 6) are presented and dis-
cussed here for the first time.

3. PROPERTIES OF SAMPLE C

For this sample, a detailed description of the observations,
data reduction, CMDs, and physical properties of each cluster is
provided in the following subsections.

3.1. Observations and Data Reduction

J,H, and Ks images of the clusters in sample C were obtained
during three observing runs in 2004 June, 2005 July, and 2006
June using the near-IR camera SofI, mounted on the ESO New
Technology Telescope. During the observing runs two sets of
data were secured:

1. Standard-resolution set.—A series of images in the J, H,
and Ks bands were obtained using SofI in large-field mode, char-
acterized by a pixel size of 0.28800 and a total field of view of
4:90 ; 4:90. On average, the images are a combination of 42, 72,

and 99 exposures, each one 3 s long, in the J, H, and Ks pass-
bands, respectively.
2. High-resolution set.—High-resolution images of the in-

ner region of each cluster were also secured using the SofI focal
elongator, yielding a pixel size of 0.14600 and a total field of
view of 2:490 ; 2:490. High-resolution images are an average of
30 single exposures 1.2 s long. All the secured images are roughly
centered on the cluster center.
Note that the region covered by our observations allows us to

sample a significant fraction of the total cluster light (typically
!80%Y95%) in all the program clusters. During the eight nights of
observations the average seeingwas always quite good (FWHM "
0:8Y1). Every image has been background-subtracted using sky
fields located several arcminutes away from the cluster center and
flat-field-corrected using halogen lamp exposures, acquired with
the standard Sof I calibration setup.
Standard crowded-field photometry, including point-spread func-

tionmodeling, was carried out on each frame using DAOPHOT II
ALLSTAR (Stetson 1987). For each cluster, two photometric
catalogs (derived from high- and standard-resolution images)
listing the instrumental J, H, and Ks magnitudes were obtained
by cross-correlating the single-band catalogs. The standard- and
high-resolution catalogs were combined by means of a proper
weighted average, weighting the high-resolution measurements
in the innermost region of the cluster higher. In principle, this
strategy allows us to minimize blending effects. The internal
photometric accuracy was estimated from the rms frame-to-frame
scatter of multiple star measurements. Over most of the RGB
extension, the internal errors are quite low ("J ! "H ! "K <
0:03 mag), increasing up to !0.06 mag at Ks # 16.
The instrumental magnitudes were then converted into the

Two Micron All Sky Survey (2MASS) photometric system,2

and the star positions astrometrized onto 2MASS3 as was done
for the clusters in samples A and B.
Since for Terzan 6 only high-resolution data were acquired,

we also used J, H, and K 0 images obtained with the IRAC2
camera (mounted on the ESO Max-Planck-Institut 2.2 m tele-
scope) in order to cover a larger area ("40 ; 40). The derived
calibrated catalog was then merged with that obtained from the
SofI observations. Note that, as already discussed in Valenti et al.
(2004c), the calibration of the K0 IRAC2 photometry onto the Ks

SofI photometry requires a negligible color term.
Figure 2 presents the derived IR CMDs of the global sample

of 24 GCs. As shown in the figure, the photometric catalogs
span the entire RGB extension, from the tip to"2Y5 mag below
the HB (depending on the cluster extinction).

3.2. Reddening, Distance, and Metallicity

The main cluster properties such as reddening and distance
were derived using a differential method based on the comparison
of CMDs and LFs of clusters with similar HBmorphology. How-
ever, this method allows one to derive reliable estimates of red-
dening and distance only for intermediate- to high-metallicity
clusters, whose CMDs show a red clumpy HB morphology. In
fact, the location in magnitude of the HB LF peak can be used as
a reference feature and safely compared with that of the template
cluster. In five metal-poor clusters (NGC 6256, NGC 6273, NGC
6293, NGC 6355, and NGC 6401) the blue HB morphology
coupled with the relatively high reddening and the remarkable

Fig. 1.—Position of the bulge cluster global sample with respect to theCOBE
DIRBE 3.5 !m inner bulge outline (solid line; Weiland et al. 1994) at 5 MJy sr$1.

2 An overall uncertainty of %0.05mag in the zero-point calibration in all three
bands has been estimated.

3 The astrometric procedure provided rms residuals of "0.200 in both right
ascension and declination.

VALENTI, FERRARO, & ORIGLIA1288 Vol. 133

Valenti 2007,2010

Bulge clusters:

NIFS+ALTAIR Terzan 5 pilot study 
underway (Butko, Lamb+ in prep)

NIFS Data



Young, Resolved Massive Star Clusters
M. Andersen

Hodge 301, 
NASA/ESA/D. Lennon



Spectral Typing and Age Dating in Massive Clusters
Example YMC target: Westerlund 1

90” Seeing-limited
GIRMOS can address the noisy HRD



Multi-object spectroscopy can: 
Place a representative sample of objects in the HR diagram, instead of relying on 
colors (spectral typing instead of photometry)

• Will enable a more accurate measure of age spreads within the clusters. Will 
enable more accurate mass estimates for the individual stars. 

• At higher spectral resolutions with high SNR, the velocity dispersion can be 
estimated. Will the clusters remain bound or disperse into the field? 

• Near-IR is crucial due to high extinction, 20 Av or more. Has limited optical 
studies to only the most massive stars. Optical observations cannot reach the 
pre-main sequence/main sequence transition where the age information is. 

-> R=3000, 10+” FOV, 50-100 mas sampling required

-> R=8000, 10+” FOV, 50-100 mas sampling required

GIRMOS can give age and kinematic information



GIRMOS Extragalactic Science Cases
1. Kinematics, Star-formation, Metallicities and Stellar Populations of Galaxies at 

0.7 < z < 2.7 (Lemoine-Busserolle, Damjanov, Ellison, Wisnioski, Mendel, Man, 
Muzzin) 

2. Observations of Distant Galaxy Clusters and Groups: Observing Galaxy 
Quenching and the Role of Environment at Early Times (Muzzin, Yee)

3. Starburst Galaxies at z > 2 (Chapman)

4. A Survey of Massive Quiescent Galaxies at z > 2 (Man)

5. Kinematics, Star-formation, Metallicities and Stellar populations of 
Gravitationally-Lensed galaxies (Sawicki, Damjanov, Man)

6. The Evolution of Disk-Dominated Galaxies at z > 3 (Wisnioski)

7. Galaxies at Cosmic Dawn i.e., z > 7 (Muzzin, Sawicki)



Kinematics, star-formation, metallicities and stellar 
populations of galaxies at 0.7 < z < 2.7

• Understand the basic properties of 
galaxy disks over a wide range of 
redshift and halo mass at kpc 
resolution

• How, when and where do galaxies 
build up their mass: mergers 
(kinematics) or star formation?

• Do galaxies keep their metals, what is 
the role of feedback? AGN vs. stellar?

• First large survey will (likely) be 
GIRMOS’s legacy project

Science GoalsForster Schreiber+2018



Properties of Galaxy Disks vs. Mass, SFR and Redshift
How do disks build up? What is the role of large star-forming clumps?

SINS-cZ-SINF sample is 36 galaxies at z ~ 2, GIRMOS will do a definitive sample of 
~150 galaxies at 0.7 < z < 2.7 to get true demographics



Properties of Galaxy Disks vs. Mass, SFR and Redshift
How does the kinematic structure of galaxies evolve over time/with mass?

SINS-cZ-SINF sample is 36 galaxies at z ~ 2, GIRMOS will do a definitive sample of 
~150 galaxies at 0.7 < z < 2.7 to get true demographics



Resolved Gas-Phase Metallicities of Galaxies 0.7 < z < 2.7
How do metallicity gradients evolve with mass/redshift/SFR?

• Current measurements (AO + non-
AO) show slightly falling metallicity 
gradients

• Slight differences between AO 
(solid points) and non-AO (open 
points) measurements

• Demographics at high resolution 
are not well-constrained, GIRMOS 
will do this very well

Forster Schreiber+2018



Observing AGN Feedback in Action
The smoking gun of galaxy quenching?

Forster Schreiber+2014, Genzel+2014

• Stacking of 7 galaxies shows clear broad component of line emission in center, 
falling to nothing in the centre. 

• Evidence for AGN feedback in central region.  What is the incidence of this 
feedback? How does this evolve with time/mass?  GIRMOS will establish the 
demographics



GIRMOS Science Niches

Galactic Science Extragalactic Science
Combining all 4 IFUs into an
“super” IFU will have the
largest-area IR IFU at AO
spatial resolutions.

GIRMOS multiplexing will
make it a faster survey
instrument than existing
instrumentation.

R = 8000 mode provides
unique resolution to do
stellar kinematics &
metallicities, but also
resolve turbulence scale
within galaxies.

Some gaps remain in our science team:
e.g. Solar System, Low mass companions, resolved stellar populations 



Summary

• GIRMOS will be a powerful new AO-fed spectroscopic capability on 
Gemini

• While GIRMOS was originally planned for Gemini-S, the team is in the final 
stages of making a decision to deploy on Gemini-N and take advantage of its 
powerful new MCAO system

• GIRMOS will be designed to be facility-class instrument that 
addresses a broad range of scientific questions and serve the 
Gemini scientific community

• The GIRMOS scientific team invites interested parties to contact 
our project scientist, Adam Muzzin (muzzin@yorku.ca)

• Current anticipated commissioning date: Late 2024
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