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Bird watching — Canberra (2014)



Subaru PFS survey

❖ Wide-field (1.3 degrees) — massively-multiplexed (2394 fibers) — wide 
wavelength coverage (0.38 - 1.26 µm) via three-armed spectrographs at 
medium-low resolution modes. 

❖ 360 nights survey undertaken in 6 years time (starting ~Feb 2024).

❖ 3 major Science topics: Cosmology, Galactic Archaeology & Galaxy 
evolution.

Fundamental questions in the dark sector with significan implications for 
Cosmology, galaxy evolution and the origin of the Milky Way Galaxy. 



The people behind the scenes 
Principal Investigator: Hitoshi Muryama

Project Manager: Naoyuki Tamura

Galactic Archaeology Working Group Chairs:
Rosemary Wyse
Masashi Chiba

Evan Kirby

Galactic Archaeology Team:
Ana Chies Santos, Anna Sajina, Brent Belland, Carrie Filion, Borja Anguiano, Chiaki Kobayashi, 

Daichi Kashino, Elisa Ferreira, Tilman Hartwig, Ivanna Escala, Kohei Hayashi, Alex Szalay, Laszlo 
Dobos, Maximilian Fabricius, Miho N. Ishigaki, Mirko Simunovic, Mohammad Mardini, Nicole 

Louise Miranda, Qianfan Xing, Robert Lupton, Tamas Budavari, Vincent Le Brun, Viska Wei, Ying 
Zu, Yutaka Hirai  





The surveys landscape (2024 - onwards)

❖ PFS GA White Paper



PFS Survey - The instrument



PFS Survey - The science
Galactic archaeology — M31/M33 system — Dwarf spheroidal galaxies

(Kinematics + Chemistry)

 — Determination of the dark-matter density profile in dwarf spheroidal galaxies of a range in stellar mass and star-
formation history. 

— Comparison of the stellar populations in M31 with those of the Milky Way, through the first large-scale 
spectroscopic survey of individual stars in our companion large disk galaxy.

— Investigation of the response of the Milky Way to the ongoing (minor) mergers with the Sagittarius dwarf and 
the LMC. 

 



Subaru PFS — dSphs

Dark matter content of dwarf galaxies

PFS can provide both the sample sizes and velocity precision 
required to determine whether the dSphs’ density profiles are 
consistent with CDM or alternative dark-matter models. Λ



Subaru PFS — dSphs

Stellar elemental abundances in 
dwarf galaxies 

We expect to measure C, Mg, Si, Ca Ti, 
Cr, Mn, Fe, Co and Ni — validated 
from low-resolution Keck/DEIMOS 
spectra (Dugan et al. 2018, Kirby et al. 
2018)

In principle, PFS might also be able to 
measure Na, Al, K, Sc, V, Y, La and Eu 

Mock data



M31-M33 system

Assembly  of luminous and dark halos

Large-scale spectroscopic survey 
of the internal kinematics and 

chemistry of M31 and M33



Pre-imaging with Hyper Suprime-Cam and sample selection

HSC g- and i-band imagine for large parts of 
M31 halo (PI: Chiba)

Halo fields using narrow-band filter NB515 helps to 
distinguish targeted RGB stars in M31 against 

foreground MW 



N-body simulations Northwestern Stream

Miki & Kirihara, private communication 



The Milky Way — The disk in disequilibrium 

Figure courtesy of Carrie Filion (JHU)



Galactic - Local Group plan



Targeting Strategy
Simulated data

Figure courtesy of Laszlo Dobos (JHU)

Targeting member stars of satellite dwarf spheroidal 
galaxies will be based on HSC broad band and (when 
available) narrow band photometry combined with 
available parallax and proper motion data from Gaia DR3, 
primarily to filter out foreground stars of brighter targets 

g-band magnitude limit of g < 23.



Simulated spectra

The PFS project has a spectral simulator. Laszlo Dobos (JHU) 
modified this code to run faster and to return a simulated PFS 

spectrum of a single star of a given Teff, logg, [Fe/H].  

Very helpful to evaluate exposure time and S/N for different 
magnitudes for a range of stellar parameters. 



RV methodology 

Alex Szalay has written an algorithm that is limited 
only by the S/N of the spectrum and the accuracy of 

the template spectra.  It is not limited by any other 
effect, such as rebinning. By simulating multiple noise 
realizations of the same underlying spectrum, he 
demonstrated sub-km/s RV precision. 



Stellar parameters/abundances pipeline
drp_ga1d_abund: 

• computes photometric values of Teff and logg by assuming an 

age and matching mag+color with Teff+logg in an isochrone

• continuum-normalizes the input spectrum with a spline

• fits the spectrum to a grid of synthetic spectra with the 

dimensions Teff, logg,[Fe/H], and [alpha/Fe]. Teff and/
or logg can be tied (strictly or loosely) to the photometric values, 
but they can also be free parameters


• re-determines the continuum by dividing the observed spectrum 
by the best-fit synthetic spectrum, then fits a spline to the 
residual


• iterates the fitting until the numbers change by less than some 
threshold


• returns the fit values of Teff, logg, [Fe/H], and [alpha/Fe]

The code requires a library of synthetic spectra.  Currently, the 
code is set up to use the synthetic spectra computed by Kirby 
(630-910 nm) and by Escala (410-630 nm) with ATLAS9+MOOG.  
The code has been tested on a small number of mock spectra. 

Kirby et al.  2010, 2020   — Escala et al. 2021



Thank you & Happy Birthday Ken! 



Subaru PFS - GA white paper


