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e But ground based desgned’ spectroscopy IS still needed to solve
- several open quest|ons : |
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* ¢ & What we get
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What we want

e High resolution - .
* Full VIS and IR .
* High multiplex - 100 e
* High efficiency
* Big telescqp.'e |
* Lots fo ti .m_'e.

~* Please fast and_ch'eap:;---'-. . |



Feasibility

5k - 20k

VIS + near IR
100s to few ks mult_ |
* Medium efﬂuency

* 10 years or mor__
* expensive machmes



'+ The spec surveys - Va ne _,
* Gaia - Sofia Randlch i
e LAMOST - Halnln ‘
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Subaru Prime Focus Spectrograph (PFS)

Spectrograph System (SpS) Prime Focus Instrument (PFI)

Fiber connectors:
SpS side

| Fiber Optical Cable and
Connector System (FOCCoS)

SR riber connectors:
PFl side
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Current statuses from: engl.peermg runs

o Fiber reconflguratlon accuracy and re
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Residual offset [um] Result of Cobra Convergence and raster scan in the last three runs.

e Aiming at being “always the best”.




Total throughput assessed by latest data sets and clkiine
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Examples of co-added faint.galaxy,-'spectrja' aften -hb-Ur;int"egrat'ion |
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Call for Proposals
Semester S25A: February 1, 2025 -- July 31, 2025

Subaru Telescope, National Astronomical Observatory of Japan

Important Notice for S25A

PFS-OBSLOG naoyuki@sin

ID Format: @Hex ©Decimal
Sort Order: O Altitude @Date Modified

[} 2024-02-26
25
n S

None,None,dcb(blue;yellow;orange),d
cb2 (blue;yellow;orange)

2553a6f691b67103

2024-02-13T10:54:14.281450
0/0/0/0/0

a=100.00°, 0=-89.00°, Alt.=-19.03"
dcb(blue;yellow;orange),dcb?2 (blue;ye
llow;orange),None,None

P8l 5d848c62abb58cas

2024-02-13T10:35:30.333166
0/0/0/0/0

a=100.00°, d=-89.00°, Alt.=-19.03°
dcb(red1;red4;red8;blue),dcb2(redl;

red4;red8;blue),None,None
12408969d078db6d

The Prime Focus Spectrogra
Notice fdg PFS Ghsewa@ We note that the PFS S5P pr
|applicants, please describe {l

2024-02-13T07:48:39.073076
0/0/0/0/0

a=100.00°, 6 =-89.00°, Alt.=-19.03"

dcb(red1;red4;red8;blue),None,None,

dcb2(red1;red4;red8;blue)
7e0e86f0cd22d82e
2024-02-12T15:51:39.158264

Instruments

Subaru Telescope has a suite of eight facility instruments providing imaging and spectroscopic ¢

0/0/0/0/0
a=100.00°, 6=-89.00°, Alt.=-19.03"

None,None,dcb(red1;red4;red8;blue),

dcb2(red1;red4;red8;blue)
4aS5cb094af61a730
2024-02-10T13:23:50.676634
0/0/0/0/0

a=100.00°, 0=-89.00°, Alt.=-19.03°
None,None,dcb(red1;red4;red8;blue;
orange),dcb2(red1;red4;red8;blue)

from optical to mid-infrared.

« AO - Subaru Adaptive Optics system

7e¢0687dce9495b08

o AQ188 - Subaru 188-elements Adaptive Optics system - delivers diffraction-limited images in the near-infrared coml

curvature wavefront sensor (CWFS).

L

o AQ3K - Subaru 3,228-elements Adaptive Optics system - delivers diffraction-limited images combined with near infr§

sensor (NIR-WES).

FOCAS - Faint Object Camera And Spectrograph - provides optical imaging and longslit and multi-slit spectroscopy ove

view.

HDS - High Dispersion Spectrograph - provides extremely high-resolution optical spectroscopy.
HSC - Hyper Suprime-Cam - provides optical imaging over a very large field of view (1.5 degree diameter) with a mosaid
IRCS - Infrared Camera and Spectrograph - provides high-angular resolution imaging combined with AO188, low-resolut

resolution echelle spectroscopies over 0.2-5.6 microns.

MOIRCS - Multi-Object Infrared Camera and Spectrograph - provides imaging and low-resolution spectroscopy from 0.9

4 arcmin x 7 arcmin field of view.

PES - Prime Focus Spectrograph - allows simultaneous observations of approximately 2,400 targets using multiple fiber
of about 1.25 square degrees and covers a broad wavelength range from 0.38 to 1.26 microns with a single exposure.

o { 3
s 18105

Set timer to now
Center Zenith

% Fiber Markers " .

@ .

Target Type v
e '8
e (if home ke:

. Queue mode operation b
default where targets from
multiple observing programs
(including fillers) share a single
focal plane to make the best
use of the wide field and high
multiplicity.




GMT First Generation i

Folded Ports and Gravity
Invariant

Direct Gregorian

Wide-field Robotic

Fiber Pos
(MANIFEST) %/
\\\:\;\\N\?

Large Imaging

(ComCam)
Fiber § C:::J Dichroic I
Wide-field Vis MOS Il : ﬂi{ ; /52&'&
(GMACS) AO-fed High-Res NIR Spec V Y W =FEF
(GMTNIRS) A ‘ 7
\i | Hi-Res Vis Spec (G-CLEF)




G MACS (GMT Multi-object Astronomical and Cosmological Spectrograph)

.g. GIANT MAGELLAN
... TELESCOPE

Focal Plane Assy

g / Fold Mirror Assy

Blue Filter Assy

"""" Blue Collimator

Blue Grating Turntable

Blue Camera

Blue Detector

Red Filter Assy
Assy

Red Collimator
Red Camera
Red Detector - i
Assy T [ls0
[ bt
\

Red Camera Stage —= .‘
\.

Blue Camera Stage

= Blue Camera Cable Chain

Red Camera Cable Chain ""‘""

»»»»»»

Collaboration: SAO/CfA, Institute Steiner (Sao Paulo)
* P.Il.: Dan Fabricant, SAO.

Phase: Final Design.

Description:

* Wide-field (7 (sp) x 6 (disp) arcmin), high throughput, medium
spectral resolution (R 1,000 to 6,000), multi-object
spectrograph operating from 330 nm to 1000 nm.

* Natural Seeing + GLAO modes.

Highlights:
* PDR: February 2024.
* Major changes since conceptual design:
* |Improved structure (to meet flexure reqgs).
e Higher throughput into the UV.
* Cryocoolers instead of LN2.
e ADC with excellent UV transmission to 330 nm.



Time-domain science

Brown dwarf/exoplanet
atmospheres (weather)

Star/Star Cluster ages

YSO accretion rates

Dwarf Galaxy dynamics

Stellar Abundances

Redshift surveys
(LSST follow-up)

Galaxy assembly,
IGM/CGM studies

Properties of Galaxies
during Reionization

High rel. precision/repeatability/efficiency; large simultaneous
wavelength coverage

5’ FOV, blueward of JWST wavelength coverage. High stability for transit
spectroscopy.

<2 A resolution at Li 6708A for age measurements; blue coverage (Ca HK)

simultaneous coverage of Balmer lines/break (365-656 nm)

Coverage of CaT (850 nm, R~5000); ~1 km/s velocity precision, high
stability. 20’ FOV preferable

R~5000, blue/red wavelength coverage (370-540 nm; CaT 850 nm)

High multiplexing, slitlength requirement: source density will be ~50-60
arcmin-2, FOV as large as possible. Large simultaneous wavelength
coverage to maximize efficiency.

R~3000 and redder wavelength coverage for absorption line studies of z >
1 galaxies.

Very red coverage (>900 nm for Ly-a at z > 6.5), higher resolution and
high multiplexing/FOV helpful (~0.5-1 source/arcmin?)




GMACS Gratings: Link to Science

Resolution [approximate]
5000 Mg b Li Call

4000

3350 Li

3000

2500

2000 Balmer jump Hbeta He | [0 1] Halpha He | 03 CH4 Call CH4

1000 [ol call CH Mg b 02 CH4
Wavelength: 330 350 370 390 410 430 450 470 490 510 530 550 570 590 610 630 650 670 690 710 730 750 770 790 810 830 850 870 890 910 930 950
n

m

Science Requirements Overview




GMACS

GMT’s first-light multi-object optical spectrograph

Entrance window cover

. Wavelength coverage 330 to 1000nm in two channels (330-

630nm) and (630 1000nm)
Slit mask cassette

Field of view is 7° in the spatial axis, up to 64f the Grating/Filter cassette
axis A (Red channel)

Grating/Filter cassette
(Blue channel)
observations of a selected field..

% - ; S
GMACS accommodates 17 on*b' ‘_ s cord
object selection i

GMACS also operates W|th I\/IANIFEST GMT S conf urab#e ﬂbér*-::f_:'
_optic adapter. MANIFEST gccesses.a 14' field of view and offers -
up to R~10000 W|th mini IFUs : .

Plate scale is Y1mm/"” at the slit mask and.~0.29mm/" at the
detector . : +



HARMONI

MOSAIC - the ELT Nasmyth
Spectrograph

Wavelength cove-rage: 0.39:,1"

Nasmyth platforms (30mx15m)
ek This%s where the large
IR 4k 18k o | instruments are located

Resolutlon VIS 4k '_ S | 'Na-s'mythA



~._MOSAIC concept

FRONT END SYSTEM

Ground Layer Adaptive Optics

I . Science field
i . / 32 arcmin2 unvignetted field

Technical field ~  Telescope
/ up to 50 arcmin? field .
‘ 10 natural guide stars pick-off [ _ bea m

:- NGS receiver
1
]

IFU receiver

,— Laser guide stars footprint

4 Laser guide stars
2" diameter LGS footprint
P - 3.5’ radius LGS asterism
[ —
3.316 mm

| MOSAIC modes willbe /-
assisted by Ground-Layer . .~ =
Adaptive Optics using both =~ *
“Natural and Laser Guide i
Stars. . e e
| ' TWO-ARMS VIS
SPECTROGRAPH

TWO NIR
SPECTROGRAPHS



Observmg mode;& Bandedth coverage

VIS and-NIR bandwidth are covered |n a
objects in VIS or NIR) -

4 HR bands in VIS (can observe si e 0 of'them).and an HR in the H-band in NIR
MODE N | A(min) | A(max) R(mid) R(min) Sampling map
nm nm pixels
MOS VIS-LR 4 390 950 5000 4000 >3.57 26.0
MOS NIR-LR 3( 950 1800 R>4000 (goal 5000) >4000 >2.5 26.0-25.4
mIFU-LR . 950 1800 R>4000 (goal 5000) >4000 >2.5 25.0
MOS VIS-HR B1 390 455 23.5
MOS VIS-HR B2 | 6 510 595 19000 <18000 2.61 24.7
MOS VIS-HR R1 610 712 in few SRE 24.2
MOS VIS-HR R2 800 934 24.4
MOS NIR-HR 3( 1523 1620 R>18000 (goal 23000) 18000 2. 23.8
mlIFU-HR _ 1523 1620 R>18000 (goal 23000) 18000 2.! 23.4




MOSAIC SC4/5 - SteIIar Populatlons & Galaxy Archaeology

g * High multiplex
‘ o | visible
S *” i High multiplex

o * Near-IR

-

Exploring 1 the star-"'_-?_‘:'
Local Grpup

7 ngher sen5|t|V|ty (>8 10m class) probe further down in the color-magnitude
diagram, and to explore:l: ' ' ~-_.art|cular MOSAIC will permit the

measurement of phy s for
observations are Ilm'"____j;_

Diagnostics based on several’fea;U, ~ -:CéT I\/Ig b trlplet G band. Low R~5000
~could be accepted with hlgh S‘NR>"'20 2

The R~18000 of MOSAIC is ‘enough to resolve the interesting species, in specific
wavelength windows. Preusmnw abundance measurements.




M 05'41 C Prolect Status

Phase B1 Kick-Off Meeting 14- 15/03/23

Slgnature of B1 Phase Agreement—
(8/08/23) il

Progress Meeting 7 Nov 202/

Specifications and A"_Chi_te(_;t

in Europe (PAE) 2032 °

First light: Dependlng o"'
instruments =~ - ¢

| © . ® 31 laboratories
| 3 13 countries .
~350 members



. Céssegrain U-Band Efficiei p

* With a significant gain in SE m'r[ vityaanl
provide a unlque capab ty

* Beryllium i - _
* Iron-peak elem.e‘ . 300 - 400nm
1 single object
el 5k and 20k
& e slit fed

R . 1 cassegrain
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e
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* Matteo Genoni, Hans Dekker, Stefano Covino, Roberto C|__ram| Marcell -'_',alera I‘Wrence Blssel Walter Seifert,
Ariadna Calcines, Gerardo Avila, Julian Stormer, Christop r Ritz, David Lutiney, Chris Miller, Stephen Watson, Chris
Waring, Bruno V. Castilho, Marcio V. De Arruda, Orla' diicci, 1g: retti, Luca Ogglom, Giorgio Pariani,
Edoardo A. M. Redaelli, Matteo D’ Ambroglo G Porrus;. mgo St[lz Rodolfo Smlljanlc Gwdo

. Congratulate

_ Cupani, Mariagrazia Franchml Andrea Scau

Cyrielle Opitom, Gabriele Cescuttn Valenti
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Instruments Summary -

High multiplex 2400 fibers,

) . . 0.31to 1.26 2,300 - 4,300 SUBARU Prime focus, campain mode Comissioning
prime focus, wide field,

Wide-field, medium spectral
resolution, visible light multi- 0.33to 1.0 1,000 to 6,000
object spectrograph

GMT Higher throughput into the Final Desien

Seeing Limited / GLAO UV, multi slit, vph gratings g
Wide-field, medium resolution, .

MOSAIC VIS NIR multi-object 0.39t0 1.6 4,000 ( 18,000 IR ) GELLATo Multifiber + mini ifu Design Phase - B1
spectrograph

Single gbject UV mediun 0.3t00.4 6,000 - 20,000 _ VLT _ UV only - smg_le ObJE(.:t Pas§ed Final Design
resolution Seeing Limited electron etching grating Review




Time line (can and will éhange)
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