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Development of Novel High-Efficiency & Wideband Medium-Dispersion
Grisms OIRCS
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Introduction: MOIRCS

Multi-ObJect Infrared Camera and Spectrograph for Subaru
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Medium-Dispersion Data

M

R~500 Low Dispersion data
almost filled by OH night emission lines (background).
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R~3000 Medium-Dispersion Data

A lot of “dark " regions between night lines.
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Keck MOSFIRE

MOIRCS LR U, RS RAETDIEERIE, 2012655,
IEHEL. R~3000 to 4000, MOS ~20-30 objects.

g ﬁ ﬁ& MOSFIRE is a NIR multi-object spectrograph in operation at the Cassegrain focus of the Keck | telescope since 2012. MOSFIRE was designed and built by a collaboration among UCLA, CIT, and UCSC
o

under the direction of co-Principal Investigators lan McLean and Chuck Steidel. Notable features of MOSFIRE include:

+ 6.1'x 6.1" field of view
+ Teledyne H2RG HgCdTe detector with 2K x 2K pixels
» Up to 46 slits using a unique cryogenic robotic slit mask system that is reconfigurable electronically in under 5 minutes

lan McLean (UCLA)

Co-Principal Investigators Chuck Steidel (CIT)

MOSFIRE References
Optics Lead Harland Epps (UCSC) MOSFIRE Reference:

Instrumentation Lead Keith Matthews (CIT)

MOSFIRE optical layout MOSFIRE landing at the K1 Deck



The Team Keck Redshift Survey 2: MOSFIRE Spectroscopy of

the GOODS-North Field
The Astronomical Journal, Volume 150, Issue 5, article id. 153, 17 pp. (2015).
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Our Efforts---the “VPH" Grism Project

« The VPH (Volume-Phase Holographic) Grating Project started just after
MOIRCS first light (2004), which was led by Dr. Ebizuka with MOIRCS

team etc.
* Y, J, H, K grisms were all fabricated by 2010.

« They are High Efficiency!

N. Ebizuka et al.

Istorder no=1.0 /5 =

nr n2 ni

Fig. 1. Schematic representation of a replicated surface-relief grism (left) and VPH grism (right).



VPH Grism Project

Ebizuka et al (2011, PAS], 63, S605)
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Another Innovation: LightSmyth Grating
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LightSmyth Gating: H-band simulation
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LightSmyth GratingsE AT O>1 7 b(~2018)

« LightSmyth GratingD4E!
v'Very High Peak Efficiency
v Wide Spectral Coverage
v Minimum Dependence to the Aol and Polarization
v Tough (up to ~500°C).

FEIRN R ENDICH S EFEN DT,

Project under Kakenhi Kiban-A 18H03717 (PI: T. Kodama), as well as 2018 Director’s Contingency Budget for Subaru



LightSmyth Gratings: Lab Measurements
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Assembly
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Laboratory Tests

- Stability Tests
 Change of the Wavefront Error with Gravity Direction is Evaluated.
 LS_J is Worse than LS_H Due to Its Thinness.

P-V RMS
3 05
25 04
2 |
[TT) i 0.3 s
=15 o o : z
= o = 02 L"‘—*___ |
1 } B
05 1 01
0 1]
TOP BOTTOM LEET RIGHT TOP BOTTOM LEFT RIGHT
—— | GE04P 3P4 1 GBOSP1P2 H G4D&P2P4 —— | GED4P3P4 1 GB0O5P1P2 H G406P2P4

H G40BP3PS NO BK7 prism NO BK7 prism H G408P3P5 NO BK7 prism . NO BKY prism



Laboratory Tests

* Cooling Test

* Relatively stable during
thermal cycle.

* LS-J is poorer due to its
thinness.

« Degradation of the image
quality by wavefront error
is at most ~1 pix (worst)
for LS_J, which is
negligible under natural
seeing.
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On-Sky TEST (July 2020)

- Beautiful and Great Sensitivity!
 Ghosts are visible but found to be negligible to the data.

Efficiency

0.5

0.4

0.2

0.1

0

T T T
LS ] Grism s
VPH-] ----

11800 12000 12200 12400 12600 12800 13000 13200
Wavelength (A)

Efficiency

0.5

0.4

0.3

0.2

0.1

T T
LS H Grism s
VPH-H - ---

i Y .'..“M”'E

¥

L oo o L
I Ty "l |l " =
. il T

15500

16000 16500 17000
Wavelength (A)

17500

zzzzz

uuuuu

nnnnn



LS-) & LS_H: Open-Use Started!
+ 2020544 AR D HEFIFAABER RS — K.

« B FERDMOIRCSIAIRIC KD 2FHDERFIE - - -

NSRBI ERD RS — b~

HP & [Olll] in QuickLook Spectra from LS_J grism (30 min).
Image by courtesy of Dr. M. Schuramm (Rakshit et al. 2021, MNRAS, 504, L22).



We Go Further --- VB_K Project (2022~)

* Encouraged by the success of the LightSmyth grisms, we started the upgrade of the
K-band medium-dispersion performance.

e Current VPH-K Grism has three issues: 1) Peaky transmission curve which has a
dependence of Aol (=Slit Position). 2) Large shift of the spectra in spatial direction,
and 3) ~1.5 deg tilt, causing significant loss of the detector area for science.
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IR DVPH_K : Peaky, Large Spatial Shift, and tilt.




We Go Further --- VB_K Project (2022~)

* We make use of which has been
developed by Dr. Ebizuka.

* The simulation shows >85% efficiency across the whole K-band
window.
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+ MOSFIRE = MOIRCS_VPH
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# MOSFIRE =MOIRCS_ VPH @ MCS_LS VB K
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~150 Objects Extreme MOS Observation



