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of Type Ia supernovae
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There 1s more than one way to explode
a white dwarf.
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Yungelson & Livio 2000, ApJ, 528, 108



We measured Cr, Co, and N1 from
. ex1st1n ] DEIMO ' Sp ectra

"1003694 1 A- =3920K ] -8 1003694
[CrrFe] 0. 07 T [FefH] = 68 [CofFe] ~0.167%
1 1 1 . l L L L

"1003505 i A+ TT,,=4391 K
[CrfFe] +0.107 -[Fem] ~1.81 1

1003505
[Coch] +0 l'% T

x
=
=
<3
Q
=
=
=
—
S
=

normalized flux

"1005745 i At TT,,=4167 K 011005745
[Cr;’Fe] —0 01 -[Fem] L1 67 CofFe] 0. 0?-

Kovalev & Ber

"1010730 i A" TT..=4680 K ] 611010730

ell

[Crf’Fc] +0 13 P T [FL/H] —1 2? [CofFe] —O ‘il T

7353 7350 7397 7403 7459 7465 6768 6774 7014 7020 7050 7056 7082 7088
rest wavelength (A) rest wavelength (A)




We measured Cr, Co, and N1 from
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Kirby, Xie, Guo, Kovalev & Bergemann 2018, ApJS, 237, 18



Sculptor’s chemical evolution 1s easy to interpret.

Sculptor dwarf galaxy
: Core collapse
simulated yield

e Typela
simulated yield
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We used Sculptor’s SFH to infer the Type Ia yield.
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The 1nferred yields favor sub-Chandrasekhar mass
Type la supernovae.
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The yields favor sub-M_ explosions.

Main-sequence binary
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Manganese 1S €ven more constrammg than nickel.

o Th!S work
North+12

Inferred Type la yield:
[Mn/Fe] = -0.87+0.09
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PES applied to the Fornax dSph

=120 slits - '
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PES Papers

Takada et al. 2014, PASJ, 66, R1

“Extragalactic science, cosmology, and Galactic archaeology with the Subaru Prime
Focus Spectrograph”

Sugai et al. 2015, JATIS, 035001

“Prime Focus Spectrograph for the Subaru telescope: massively multiplexed optical and near-
infrared fiber spectrograph”

Tamura et al. 2016, Proc. SPIE, 9908 1M

“Prime Focus Spectrograph (PES) for the Subaru Telescope: Overview, recent progress, and future
perspectives”

Tamura et al. 2018, Proc. SPIE, 10702 1C

“Prime Focus Spectrograph (PFS) for the Subaru Telescope: Ongoing integration and future plans™

http://pfs.ipmu.jp/blog
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PES Collaboration
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PFS Instrument Overview:
Lrime Focus Instrument

Fiber cable

Prime Focus
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Fibers are positioned with “Cobras,” '
built at Caltech/JPL. |

Fiber Tip

Fibér diameter:
100 ym = 1.1"
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2394 Cobras distributed over 1.24 deg?
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PFS Instrument Overview:
Spectrographs

Fiber cable

Prime Focus

Fiber connectors | Instrument

Spectrograph
system (SpS)

On the IR4 floor ;
(IR side) o 7 M— 2400 fibers
< - 7 : steered by

Metrology camera
as a Cassegrain
instrument
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There are 12 spectrographs.

Mangin mirror

Corrector 2
Corrector 1

VPHGH
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PES has wide wavelength coverage.

Blue

Red (LR)
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Infrared
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The Survey has three science pillars.

Best datasets at z>|... before WFIRST (NASA: 2025-) PFS (8 Qm) for z~1.5 slice Th? wide Waveiength Coyerage (NIR arm) of PFS is

et ® F L F N . . unique and perfectly suited to study galaxy
evolution from the epoch of peak star formation
rate density and black hole activity all the way to
the epoch of reionization.
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Drop-outs and LAEs to
study the first galaxies
and reionization

1.0 1.2 1.4 1.6 1.8 2.0 2.2 24
redshift z

Wide & deep survey of MW dwarf galaxies
w. Subaru/PFS

Blue dots: spectroscopic targets
in previous work (Walker+ 2009) Cumulative number of observable stars

w. Subaru/PFs

PFS.FOV FoV for pew}aus survey|

ADEC [arcmin]

Subaru/PFS enables us to measure
a large number of stellar spectra over
unprecedentedly wide outer areas,

sof 60 a0 20 0 -20 -a0 -60 -so where DM largely dominates!
nominal boundary {riiﬂ?ﬁl'a)r,f;‘:]n[lnmre member = Best for studying the nature of DM
stars actually exist inside/beyond this limit.

Sculptor




Galactic Archaeology

2) Dwarf galaxies

1) Milky Way disk . ..
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The red MR mode allows for o abundances.
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Galactic Archaeology Survey Plan

MW halo
MW outer disk
MW streams

MW dSph

dlrr

M31 halo

Total
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/=180
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PFS will measure the dynamical effects of
~ satellite+disk interaction.
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Antoja et 41, 2018, Nature, 561,360 Laporte et al. 2018, MNRAS, 481, 286
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Contaminants are excluded by
narrow-band photometry.
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The survey will include an ultra-faint dwart:
Bootes I.

13.50 T T T T . T T . v
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credit: Kohei Hayashi PR




Dark matter mass profiles before PFS

are poorly constrained.

_ Non-spherical (Hayashi et al. 2018)
Carina dSph Spherical (Geringer-Smith et al. 2015)
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PES will measure the dark matter
profile of dSphs.
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PES can detect chemical substructure.

Ursa Minor dwarf galaxy

-3.0 =25 =20 -1.3 —10

FLAMES N\ ' .
130 fibers
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PES will survey M31’s stellar halo.

PAndAS M31 Map «
(McConnachie et al.)

M31 Halo Fields . ; 0.0 0.5 1.0

Dwarf Galaxy Fields (g-I)O [mag]

Talk by Ivanna Escala at 14:40 today
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Now
August 2019

2026 or later

Timeline

Construction

On-sky commissioning

Science survey (300-360 nights) begins
Science survey concludes

{ ' u" il! lh'kl

i l ; ::f;( ‘-._____

—— L e SRS
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Competition and Complementarity

Project Science Case

PFS GA, cosmology,
galaxy evolution

DESI cosmology

MOONS  GA and galaxy

evolution
WEAVE GA

4MOST GA and galaxy

evolution
eBOSS cosmology

HETDEX cosmology

Euclid cosmology
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Range (nm)
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360-980 1500-4000

640-1800 5000, 9000,

20000

400-950 5000, 20000

370-950 4000-7800
393-679 18,500

360-1000 2000
350-550 700

1100-2000 250

Telescope

Subaru 8 m

Mayall 4 m
(dedicated)

VLT 8 m

WHT 4 m
(dedicated)

VISTA 4 m
(dedicated)

APO 2.5 m
HET

Euclid 1.2 m
(space)

First
Light
2021
2019
2020
2020

2022

2014
2013

2021




Conclusions

+ Abundances of iron-peak abundances in dwarf galaxies
point to sub-Chandrasekhar mass Type Ia supernovae.

~*PFS will have 2394 fibers covering 1.2 deg?, 380-1260 nm.
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