Dispersing elements for

astronomy:

New trends and possibilities

October 9 - 11, 2017

Acquario Civico Milanese, via G.B. Gadio 2, 20121, Milano



Daily schedule

09/10/2017 10/10/2017 11/10/2017

Polarization gratings, and more fun with liquid crystals

Instrumentation for the ELT (S.Ramsay) 9:00-9:30 (F. Snik) 9:00-9:30

9:00

. Waveguide dispersion techniques (N. Cvetojevic) 9:30-9:55
GMT: instrument program (R. Bernstein) 9:30-10:00

Registration 9:30-11:00 Freeform Gratings for Imaging Spectrometers (v. Moreau)

TMT: first light spectroscopic instrumentation (R. Kupke) 551020

10:00-10:30

10:00
Coffee break 10:20-10:45
Coffee break 10:30-11:00

Diffraction grating manufacturing by numerically

controlled ultrahigh precision machine tool (Y. Yamagata)
10:45-11:10
c t Capabilities in Grating M facturi B. Bach|
urrent Capablilties |n11:;;:r1125 anufacturing (8. ach) Blazed Gratings on Convex Substrates for High

Throughput Spectrographs (L. Zhurminsky) 11:10-11:35

11:00 Where are the astronomers going with optical and IR

spectroscopy? (M. Cirasuolo) 11:20-1150 Large size and high performances gratings for

Astronomy application (C. Gombaud) 11:25-11:50

New opportunities of freeform gratings using diamond
machining (C. J. Bourgenot) 11:35-12:00

Review of key requirement parameters for dispersion Spectramet_er gratings baseg on direct-write e-beam
elements in optical/near-IR spectrometers (C. lithography (u. Zeitner) 11:50-12:15
Cunningham) 11:50-12:20

12:00 A perspective on the history and evolution of Discussion and Concluding remarks (SOC) 12:00-13:00
dispersing elements in optical astronomical

spectrographs (S. Barden) 12:20-12:50

Lunch 12:15-13:40

Lunch 12:50-14:

Silicon Diffractive Optics for Infrared Spectroscopy (D.
Jaffe) 13:40-14:10

The machined immersion grating for the absolute and
simple solution of the downsizing concept in the high-

Lessons from the OPTICON Trans-national Access

. J. Davies) 14:10-14:40 S
14:00 programme (J. Davies] precision infrared Spectroscopy (T. Sukegawa) 14:10-14:35
Spectroscopy with Small and Medium-Sized Immersed diffraction gratings for the Sentinel-5 earth
Telescopes: Science and Technology (A Quirrenbach) observation mission (R. Kohlhaas) 14:35-15:00
14:40-15-10

Development of Immersion Gratings at LLNL (P.J.
Kuzmenko) 15:00-15:25

15:00 Future Spectroscopic Facility (L. Pasquini) 15:10-15:40

Coffee break 15:25-15:50

Coffee break 15:40-16:10 A summary of Kaiser VPH gratings/grisms, large/small

format, high/low resolution, matrix, multiplex and plain

for astronomical spectrographs (J. Arns) 15:50-16:15

Spectroscopy at 8-10m telescopes: the GTC . . N —
16:00 perspective (R. Corradi) 16:10-16:40 Transmission VP_HGS in Silver Halide Sensitized
Gelatin (A. Fimia) 16:15-16:40

Infrared tr ission gratings factured using

Large gratings for large telescopes (T. Oliva) 16:40-17:10 ultrafast laser inscription (D. Lee) 16:40-17:05
Ad in the manufacturing of photopolymer based

Wavelength Calibration: The Quest for Perfection (F. VPHG for astronomy  (A. Zanutta) 17:05-17:30

17:00 Kerber) 17:10-17:40

Open discussion (R. Navarro) 17:30-18:30

Poster session with welcome cocktail 17:40-19:00

Social dinner 20:00




Workshop on

DISPERSING ELEMENTS FOR
ASTRONOMY:
NEW TRENDS AND POSSIBILITIES

October 9 — 11, 2017, Milano

Program and Book of Abstracts



SPONSORS

{199  PATROCINIO

$ § Comune.a > ACQUARIO

;}?4 M] ] ano e Civica Stazione Idrobiologica Milano

SUPPORTERS

EDS

European Optical Society

O Astronomical Notes
PHOTONICS

.. Astronomische Nachrichten

Dispersing Elements for Astronomy: New Trends and Possibilities



WELCOME

The aim of the workshop is to bring together researchers and engineers involved in the design,
realization and construction of spectroscopic instrumentation, along with companies and institutes
that produce dispersing elements or associated optical components.

The forum will provide us with the opportunity to discuss the scientific needs for future instruments
and to address the technological challenges that will enable us to move forward in developing new
types of dispersing elements in the coming years.

Indeed, there is a growing number of alternatives in the domain of diffraction gratings and
dispersing elements is increasing thanks to the development of new technologies (from holography
to lithography and micromachining). Some of these technologies are not specifically developed for
astronomy, but have exciting potential applications in this field. In order to make the best design
choices for new instrumentation, it is necessary to understand the advantages and the limitations
of each technology.

Although many of the new developments will naturally focus on instrumentation for the new
generation of Extremely Large Telescopes, the requirements of smaller facilities, which still have
an important role in astronomical research, will also be discussed at the workshop.

We all are very pleased to have you join us in Milan and we look forward to a great workshop.

The SOC
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(GENERAL INFORMATION

VENUE

The workshop will be held at the Milan city Aquarium (Acquario Civico di Milano, Viale G. B.
Gadio, 2, 20121 Milano MI), which is located in Milan downtown inside the beautiful Parco
Sempione, near the Castello Sforzesco. The city Aquarium is only 2 minutes walk from the Lanza
metro station (green line M2). Coffee breaks and lunches will be held at the city Aquarium, while
the social dinner will be at the restaurant I Caminetti del Sempione (via Giulio Cesare Procaccini,
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DAY 1

9:30 — 11:00: Registration

11:00 — 11:20: Welcome and introduction — Acquario Civico, Auditorium

11:20 — 12:50: General overview (chair: Andrea Bianco) — Acquario Civico, Auditorium

Time Title Presenter
11:20 Where are the astronomers going with optical and IR CIRASUOLO Michele
spectroscopy?
11:50 Review of. key requirement parameters for dispersion CUNNINGHAM Colin
elements in optical/near-IR spectrometers
. A perspective on the history and evolution of dispersing
12:20 elements in optical astronomical spectrographs BARDEN Samuel

12:50 — 14:10: Lunch - Acquario Civico, Giardino d’Inverno

14:10 — 15:40: Small and large telescope perspective (chair: Wayne Holland) — Acquario
Civico, Auditorium

Time Title Presenter
1410 Lessons from the OPTICON Trans-national Access DAVIES John
program

14:40 Sp_ectroscopy with small and medium-sized telescopes: QUIRENNBACH Andreas
science and technology

15:10 Future spectroscopic facility PASQUINI Luca

15:40 — 16:10: Coffee break — Acquario Civico, Giardino d’Inverno

16:10 — 17:40: Small and large telescope perspective — 2 (chair: Rebecca Bernstein) —
Acquario Civico, Auditorium

Time Title Presenter

16:10 Spectroscopy at 8-10m telescopes: the GTC perspective  CORRADI Romano
16:40 Large gratings for large telescopes OLIVA Tino

17:10 Wavelength calibration: the quest for perfection KREBER Florian

17:40 — 19:00: Poster session (welcome cocktail) — Acquario Civico, Giardino d’Inverno
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DAY 1: ABSTRACTS

WHERE ARE ASTRONOMERS GOING WITH OPTICAL AND IR
SPECTROSCOPY?

Michele Cirasuolo®*

@ ESO, Karl-Schwarzschild Strasse 2 85748 Garching bei Muenchen
* mciras@eso.org

| will present a brief overview of the current frontier of astronomical spectroscopy, from
exoplanet characterisation to galaxy evolution and cosmology. | will then highlight the
challenges and needs in terms of spectroscopic capabilities to push further our
understanding of the Universe.

REVIEW OF KEY REQUIREMENT PARAMETERS FOR DISPERSION
ELEMENTS IN OPTICAL/NEAR-IR SPECTROMETERS

Colin Cunningham®*

2 Science and Technology Facilities Council, UK Astronomy Technology Centre, Royal
Observatory, Blackford Hill, Edinburgh, UK EH9 3HJ
* colin.cunningham@stfc.ac.uk

From the time of Newton and Fraunhofer, dispersing elements incorporated into
spectrometers have enabled the discovery of chemical elements and molecules in
celestial objects, as well as understanding of their dynamics. | will review the
development of these dispersing elements, leading to a summary of the key
performance metrics that are used to determine the optimum device to solve particular
astrophysical questions. | will conclude with a wish-list of future developments that
could address the challenges of future instruments.
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A PERSPECTIVE ON THE HISTORY AND EVOLUTION OF
DISPERSING ELEMENTS IN OPTICAL ASTRONOMICAL
SPECTROGRAPHS

Samuel C. Barden®*

aLeibniz Institute for Astrophysics, Potsdam, Germany
* sbarden@aip.de

The analysis of the spectra of astronomical sources is one of the key methods for
observing and understanding the nature of the Universe, from the detection of the
fundamental elements that make up the stars to the measurement of the expansion
rate of the Universe. For the past 200 years, the diffraction grating has been a primary
component in the instrumentation used for astronomical spectroscopy. | will give an
overview of the historical development of the optical dispersers used, the current state
of the art and applications along with a brief introduction to the technical developments
underway for potentially revolutionary devices.

LESSONS FROM THE OPTICON TRANS-NATIONAL ACCESS
PROGRAMME

John Davies®*

@ UK Astronomy Technology Centre, Blackford Hill, Edinburgh, UK
* jkd@roe.ac.uk

SPECTROSCOPY WITH SMALL AND MEDIUM-SIZED
TELESCOPES: SCIENCE AND TECHNOLOGY

Andreas Quirrenbach®*

@ Universitat Heidelberg, Landessternwarte Koenigstuhl 12, 69117 Heidelberg,
Germany.
* A.Quirrenbach@Isw.uni-heidelberg.de

Small and medium-sized telescopes play important roles amongst the facilities
available to astronomers. They enable time-intensive surveys and monitoring
programs, provide quick and flexible access for time-critical observations, serve as
testbeds for advanced technologies, and form the backbone of student education and
of outreach activities. The requirements for spectroscopic instruments on these
telescopes are as varied as their applications, ranging from simple demonstration tools
to large and complex state-of-the-art facilities. | will provide a few examples across this
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spectrum, and discuss the impact of new technologies on the productivity of telescopes
in the 0.7m to 4m size range.

FUTURE SPECTROSCOPIC FACILITY

L. Pasquini #*, B. Delabre 2, R. Ellis 2, J.A. Marrero &, L. Hernandez @

2 ESO, Karl-Schwarzschild Strasse 2 85748 Garching bei Muenchen, D;
* Ipasquin@eso.org

Several scientific reports indicate the need for a quantum jump in massive
spectroscopy, and several projects are under development or design. | will concentrate
on a novel concept developed at ESO for a facility dedicated to massive spectroscopy.
With 11.3m diameter and 2.5 degrees corrected field of view, the new telescope will
have the largest ever etendue, and will be able to easily host 15000 fibres for
simultaneous low and high resolution spectroscopy. Alternatively, the light can be
directed to a coude’ focus hosting a giant IFU. Instrumentation is developed as part of
the facility from the very beginning, as many low and high resolution spectrographs will
be needed. The instruments’ design and development need to be carefully engineered
in order to optimize the performances and to contain the costs.

SPECTROSCOPY AT 8-10M TELESCOPES: THE GTC
PERSPECTIVE

Romano L.M. Corradi®*

@ GRANTECAN, Cuesta de San José s/n, E-38712, Brena Baja, La Palma, Spain
* romano.corradi@gtc.iac.es

| shall present an overall view of the spectroscopic capabilities, in terms of spectral
coverage, resolutions, and multiplexing capabilities, of the major optical and infrared
ground-based telescopes in operation. The case of the 10.4m GTC telescope will be
used to illustrate some of the details of the dispersion elements adopted at these large
astronomical facilities.
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LARGE GRATINGS FOR LARGE TELESCOPES

Ernesto Oliva®*

2 INAF-Arcetri Observatory, largo E. Fermi 5, I-50125, Firenze (l);
* oliva@arcetri.inaf.it

In this presentation | will discuss the challenges of designing and building
spectrographs for (extremely) large telescopes operating at optical and infrared
wavelengths. The main parameters of the spectrometer — in particular the size of the
dispersing elements — will be evaluated using remarkably simple relationships derived
from the fundamental principle of throughput conservation. Some of the published
spectrometer designs will be briefly analyzed with a focus onto the parameters and
feasibility of the dispersive elements. A representative list of requirements for
dispersers will be presented to trigger the discussion with manufacturers.

WAVELENGTH CALIBRATION: THE QUEST FOR PERFECTION

Florian Kerber®*

@ ESO, Karl-Schwarzschild-Str. 2, 85748 Garching, Germany
* fkerber@eso.org

Spectroscopy is an essential tool for understanding the physical nature of astrophysical
objects. Depending on the resolving power it serves a variety of exciting science cases
ranging from the chemical abundances of stars, the search for extrasolar planets, to
the dynamics of galaxies to the expansion of the Universe. The observations done with
high-resolution spectrographs in many cases call for both precision and accuracy and
are by nature demanding even for relatively bright objects. Recent developments such
as the search for a potential variability of fundamental constants of physics also ask for
excellent repeatability and stability. Hidden systematic effects can have devastating
effects on the scienctific value of the observational data, hence these effects need to
be properly characterised, understood and accounted for. In contrast to an
experimental physicist working in the laboratory the observing astronomer is not in a
position to control the experiment — her/his observations — to the required level as an
individual. As a result the astronomical community is becoming more and more
dependent on the observatories providing calibration sources and processes that
guarantee the required levels of performance. This can only be achieved if the sources
and processes have been validated with respect to calibrated laboratory standards and
come with the appropriate calibration reference data. It is thus interesting to look at the
currently available calibration sources and compare them to a hypothetical “perfect
calibrator”. I'll describe the properties of several commonly used sources and highlight
their advantages and drawbacks as well as relevant special features. I'll also describe
recent developments that will enable us to take the next step towards “perfect
wavelength calibration” of astronomical spectrographs.
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DAY 2

9:00 — 10:30: ELTs instrumentation program (chair: Antonio Manescau) — Acquario Civico,
Auditorium

Time Title Presenter
9:00 Instrumentation for the ELT RAMSAY Suzanne
9:30 GTM: instrument program BERNSTEIN Rebecca
10:00 TMT first-light spectroscopic instrumentation KUPKE Renate

10:30 — 11:00: Coffee break — Acquario Civico, Giardino d’Inverno

11:00 — 12:20: Technologies for dispersing elements (chair: Tino Oliva) — Acquario Civico,
Auditorium

Time Title Presenter

11:00 Current capabilities in grating manufacturing BACH Benny

11:30 Larg.e size and high performances gratings for astronomy GOMBAUD Christophe
application

11:55 Spectrometer gratings based on direct-write e-beam ZEITNER Uwe
lithography

12:20 — 13:40: Lunch - Acquario Civico, Giardino d’Inverno

13:40 - 15:25: Technologies for dispersing elements: immersed gratings (chiar: Francisco
Garzén) — Acquario Civico, Auditorium

Time Title Presenter
13:40 Silicon diffractive optics for infrared spectroscopy JAFFE Daniel
The machined immersion grating for the absolute and
14:10 simple solution of the downsizing concept in the high- SUKEGAWA Takashi

precision infrared spectroscopy

14:35 Immerse_d diffr_ac'gion gratings for the Sentinel-5 earth KOHLHAAS Ralf
observation mission

15:00 Development of immersion gratings at LLNL KUZMENKO Paul J.

15:25 - 15:50: Coffee break — Acquario Civico, Giardino d’Inverno
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15:50 — 17:30: Technologies for dispersing elements: VPHGs (chiar: Ramon Navarro) —
Acquario Civico, Auditorium

Time Title Presenter

A summary of Kaiser VPH gratings/grism, large/small
15:50 format, high/low resolution, matrix, multiplex and plain for ARNS James
astronomical spectrographs

16:15 Transmission VPHGS in silver halide sensitized gelatin FIMIA Antonio

16:40 Infrared transmission gratings manufactured using LEE David
ultrafast laser inscription

Advances in manufacturing of photopolymer based
VPHG for astronomy

17:05 ZANUTTA Alessio

17:30 — 18:30: Open discussion — Acquario Civico, Auditorium

20:00 — 22:00: Social dinner — I Caminetti del Sempione
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DAY 2: ABSTRACTS

INSTRUMENTATION FOR THE ELT

Suzanne Ramsay &*

@ European Southern Observatory, Karl-Schwarzschild-Strasse 2, 85748 Garching,
Germany;
* sramsay@eso.0rg

This presentation will introduce the instruments currently being designed for the
Extremely Large Telescope (ELT).

Three instruments are in construction and nearing the end of their preliminary design
phase (HARMONI, MICADO and METIS). Conceptual design studies are underway for
two further instruments, MOSAIC and HIRES. The instrument suite covers wavelengths
from 400nm to 20microns. All of the instruments have important spectroscopic
capabilities, even the first light imager MICADO. HARMONI (an optical to near infrared
integral field spectrograph) and METIS (a mid-infrared imager and spectrograph)
require spectroscopy with both low (few thousand) and high (10 000 — 100 000)
spectral resolving power to reach their science goals. The multi object spectrograph
MOSAIC offers moderate spectral resolving power for hundreds of objects. In contrast,
HIRES, as the name suggests, aims to deliver high spectral resolving power (>~100
000) for one or a few objects simultaneously.

A general overview of the instrument concepts and status will be presented, with
special emphasis on the design of the spectroscopic modes and dispersing elements.
The perspectives for future instrumentation will also be mentioned.

GTM: INSTRUMENT PROGRAM

Rebecca Bernstein®*

@ Carnagie Institution of Science (USA)
*rbernstein@gmto.org
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TMT FIRST-LIGHT SPECTROSCOPIC INSTRUMENTATION

Renate Kupke®*

21156 High Street, Santa Cruz, CA 95064
* rkupke@ucolick.org

Substantial progress is being made on the powerful suite of first-light instrumentation
for the Thirty Meter Telescope (TMT). The TMT'’s first-light capabilities include a near-
infrared integral field unit spectrometer and imager (IRIS) and a wide-field, multi-object
spectrograph working at optical wavelengths (WFOS). Presently entering its final
design phase, IRIS will take advantage of the near infra-red (0.8 — 2.4 micron)
diffraction-limited images provided by NFIRAQOS, the facility multi-conjugate adaptive
optics system, and will be capable of integral field spectroscopy at multiple spatial
scales. Under new leadership, WFOS, an optical (0.31 — 1.0 micron) seeing-limited
workhorse spectrograph, has begun a conceptual design phase trade study, in which
both slicer-based and fiber-based VPH spectrograph architectures are being explored
as alternatives to the baseline (MOBIE) design. The WFOS team has made rapid
progress on an aggressive schedule, focusing on feasibility, risk and cost for this down-
select phase with a final architecture design expected in March 2018.

CURRENT CAPABILITIES IN GRATING MANUFACTURING

B. Bach Sr.2, B. Bach Jr.b, E. Bach?®*, K. Bach?

@ Bach Research Corporation, 4946 63rd Street, Boulder CO. 80301, USA;
b Department of Physics, University of Nevada, 1664 N. Virginia Street, Reno NV.
89509, USA;
* ebach@bachresearch.com

Bach Research Corporation is a manufacturer of custom optical components and
diffractive optics for OEM, aerospace, research and space flight instrumentation. Bach
Research is a key supplier of one of a kind optical components for programs such as:
Hubble Space Telescope, Venus Express, the James Webb Space Telescope, and to
the European Southern Observatory.

In this talk we would like to update conference attendees on Bach Research Corp’s
current range of manufacturing capabilities, and recent accomplishments. Topics that
we will touch upon are our:

* Thin Film Coating Laboratory,

* Diamond Turning Capabilities,

* Ruling Laboratory,

* Metrology and Optical Testing Capabilities.

We will also present a few examples of diffraction gratings we have recently
manufactured including:

* ZnSe & FS Grisms,

* Large gratings
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* Echlon Gratings,
* Echelle Gratings,
and the results that were achieved.

LARGE SIZE AND HIGH PERFORMANCES GRATINGS FOR
ASTRONOMY APPLICATION

C. Gombaud* 2, A. Cotel?, F. Desserouer?, A. Liard?, Y. Bernard?

2HORIBA France SAS, Avenue de la Vauve - Passage Jobin Yvon, 91120 Palaiseau
(FRANCE)
* christophe.gombaud@horiba.com

We present the latest developments of large size and high performances diffraction
gratings for astronomy and space application. A new facility, called NANO-structure
Larger Area Master (NANOLAM), has been built at HORIBA France SAS (Palaiseau,
France), dedicated to the production of the largest gratings in the world (Fig. 1).

This new facility allows us to design and produce very large gratings, in reflection or
transmission with various possibilities of groove profiles and densities. From meter size
pure holographic gratings up to 6000gr/mm on any substrate shape, to ion-etched
transmission gratings (Fig.2) competing favorably with VPH technology, HORIBA has
developed the widest innovative diffraction gratings portfolio dedicated to astronomy
application. The fused silica etched technology used to manufacture transmission
gratings is unique and offer a number of consequent advantages over VPH technology
such as a better wavefront, performances homogeneity or lifetime thanks to its bulky all
glass material. This technology allows HORIBA to offer GRISMs (grating on a prism
face. See Fig.2) as well.

Apart from these exclusive holographic and ion-etched capabilities, HORIBA is also
offering ruled gratings, generally dedicated to infrared spectral range with low groove
densities. Echelle grating and immersed grating are also part of the HORIBA new
capabilities.

In addition, HORIBA continues to develop another proprietary technology, the Variable
Groove Depth (VGD) gratings that allows in a single grating a continuous blaze
wavelength adjustment.

All the HORIBA gratings product range is cryogenic compatible, TRL9 space qualified
and shows the best straylight performances on the market.

Finally, HORIBA is also currently performing several studies in partnership with
laboratories and space agencies to further improve the state-of-the-art gratings
straylight performances, as well as developing gratings on free-form surfaces.

Fig. 1 : Largest grating in the world

Dispersing Elements for Astronomy: New Trends and Possibilities



Fig. 2 : Transmission fused silica etched gratings (left) and GRISM (right)

SPECTROMETER GRATINGS BASED ON DIRECT-WRITE E-BEAM
LITHOGRAPHY

U.D. Zeitner®®*, T. Fliigel-Paul?, T. Harzendorf?, M. Heusinger®, E.-B. Kley?

@ Fraunhofer Institute of Applied Optics and Precision Engineering, A.-Einstein-Str. 7,
Jena, Germany
b|nstitute of Applied Physics, Friedrich-Schiller-University, A.-Einstein-Str. 15, Jena,
Germany
* uwe.zeitner@iof.fraunhofer.de

Among the many different techniques used for the manufacturing of high-end
spectroscopic diffraction gratings electron-beam lithography is rather new. The reason
for this can be found in the sequential nature of the e-beam writing process and the
resulting very long exposure times. However, driven by the demands of high-resolution
pattern fabrication for photomasks for the microelectronics industry modern e-beam
tools were developed to achieve a very high throughput and simultaneously conserve
their ability to realize smallest structures with highest quality and unprecedented
flexibility.

The optical characteristics of spectroscopic gratings is determined in first place by their
diffraction efficiency over a given spectral bandwidth, but also by parameters like wave-
front quality and stray-light level introduced by imperfections of the grating structure.
The spectral dependent efficiency depends on the particular grating structure within
one period of the grating. Due to the high pattern resolution of e-beam lithography a
dedicated control of this structure, e.g. by precise control of grating profile, duty-cycle,
or the generation of sub-wavelength pattern is possible. The high positioning accuracy
of the lithographic tools allows to achieve writing induced wave-front qualities in the
range of <5nm rms over large areas of up to 300mm size. Special effort has to be
dedicated to the control of grating ghosts and stray-light level. Sequential writing
processes are in general prone to introduce undesired secondary structures in the
grating. As shown in Fig. 1 the impact of such structures on the spectral stray-light can
be almost completely suppressed by optimizing the e-beam writing process. As a result
it is possible to realize gratings fulfilling the highest demands on spectroscopic purity by
electron-beam lithography.

Further more, by proper combination of the e-beam lithography with subsequent
processes like plasma- or wet-chemical etching, overcoating of the grating structure by
Atomic-Layer-Deposition (ALD), or the assembly of the grating with prisms, the gratings
can be further tailored to a very broad range of spectroscopic concepts. In the
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presentation different examples of all-dielectric high-efficiency gratings, immersed
gratings (GRISMS), Si-echelle gratings, and monolithic resonant-waveguide gratings
for gravitational wave-detection will be discussed.

BSDF of -1st DO:

5152681 |

" FIMAS EBB
N

conventional e-beam

reflex from sys
substrate writi I'lg‘ process

BSDF [sr]

optimized writing process
-> significant reduction of
peak number and intensity

angle wrt. -1+ diffraction order @ [°]

Figure 1: Example of a spectroscopic grating for the high-resolution NIR-channel of the FLEX-instrument
(ESA). By optimization of the e-beam writing process a grating with very low stray-light level and grating
ghosts could be realized.

SILICON DIFFRACTIVE OPTICS FOR INFRARED SPECTROSCOPY

Daniel T. Jaffe**, Cynthia Brooks?

2 Department of Astronomy, University of Texas at Austin, USA
* dtj@austin.utexas.edu

We discuss the current state of our program to produce precision silicon diffractive
optics and describe the instruments that have included these devices as dispersers for
infrared astronomical spectroscopy. Silicon diffractive optics, both grisms and
immersion gratings, offer significant advantages as dispersive elements. The high
thermal backgrounds in the infrared at ambient temperatures mean that we must cool
dispersive instruments cryogenically. This requirement, in turn, puts a premium on
instrumental compactness and simplicity. Instruments using silicon (n=3.4) grisms can
have volumes an order of magnitude smaller than those of instruments with similar
performance that use grisms made from lower-index materials. Silicon immersion
gratings replacing front-surface gratings reduce instrument volumes by a similar factor.
Both types of devices have a second significant advantage that derives from our ability
to produce coarse, perfectly flat grooves using micromachining techniques. These
coarse grooves enable highly efficient cross-dispersed instruments with continuous
wavelength coverage at high spectral resolution. Our group currently produces
diffraction-limited gratings with lengths up to 125 mm that operate efficiently in orders
as high as m=200. We will describe the process for manufacturing Si grisms and
immersion gratings, alternative manufacturing techniques, and the limitations on the
size and precision of the devices. We also discuss some of the major design
considerations for spectrographs that employ immersion gratings. The IGRINS
spectrograph, now used at McDonald Observatory and the Discovery Channel
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Telescope, has a resolving power of 45,000 and covers all of the infrared H and K
bands (1.4-2.5 ym) in a single exposure. It has no moving parts. On a 4m telescope,
IGRINS is competitive with the earlier generation of high resolution spectrographs on
8m telescopes while having many times the spectral grasp. GMTNIRS, our planned
immersion-grating spectrograph for the Giant Magellan Telescope, will have R=60,000-
90,000 across the entire range from 1.1 to 5.3 ym in a single exposure. The talk will
describe some of the many science results from IGRINS in stellar and interstellar
medium spectroscopy and illustrate the capabilities of GMTNIRS for even further
progress.

THE MACHINED IMMERSION GRATING FOR THE ABSOLUTE AND
SIMPLE SOLUTION OF THE DOWNSIZING CONCEPT IN THE
HIGH-PRECISION INFRARED SPECTROSCOPY

Takashi Sukegawa®*

@ Optical Products Operations, Canon Inc.
20-2, Kiyohara-Kogyodanchi, Utsunomiya, Tochigi 321-3292, Japan.
* sukegawa.takashi@canon.co.jp

Because an immersed grating provides n (refractive index of its material) times higher
spectral resolution compared to a conventional reflective grating of the same size, an
immersed grating is a powerful optical device for the infrared high-precision
spectroscopy. On the other hands, there is no practical immersed grating for high-
precison spectroscopy except Si immersed grating by anisotropic etching. It was very
difficult for a fragile IR crystal to manufacture a diffraction grating precisely. Canon
succeeded in fabricating immersed gratings with three kinds of materials by
machining(cutting). Three materials are CdZnTe, Germanium and InP, each refractive
index are about 2.6,4 and 3.1 respectively. By combining these devices, a
spectroscopy can be used with an immersed grating in the wavelength range of 1.4-
20um. Thereby, the realization of these immersed gratings has led to a dramatic
improvement in the downsizing concept of a high-precison spectroscopy. Our
machined immersion grating is the absolute and simple solution for the downsizing
concept in the high-precision infrared Spectroscopy.

€ l

dZnTe(n=2.6)

Wavelength (um)

Fig.1 The cover wavelength range with three Fig.2 The SEM picture of Germanium
materials. grooves by machining with 91.74pm
pitch.
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Fig.4 The picture of Extremely-high-order Fig.3 The picture of Germanium grism
Germanium immersion grating (EGIG) by machining with 2.2um pitch.
with 476um pitch.

[1] Sukegawa, et al.“Three types of Immersion Grating for Next-generation Infrared Spectrometer” SPIE
101000M (2017).

[2] Tani, et al. “Extremely-high-order Ge Immersion Grating-based Spectrometer for Offset-free Precision
Spectroscopy in the Mid-infrared Region” CLEO®/Europe-EQEC 2017

IMMERSED DIFFRACTION GRATINGS FOR THE SENTINEL-5
EARTH OBSERVATION MISSION

Ralf Kohlhaas®*, Paul Tol?, Phillip Laubert?, Jos Ruijter?, Ruud Schuurhof?, Mustafa
Kaykisiz?, Tonny Coppens?, Sander van Loon?, Peter Paul Kooijman?, Luc Dubbeldam?

2SRON Netherlands Institute for Space Research, Sorbonnelaan 2, 3584 CA Utrecht,
Netherlands
* r.kohlhaas@sron.nl

The resolving power of a diffraction grating scales inversely with the operating
wavelength. By immersing the diffraction grating in a medium of refractive index n, the
wavelength is effectively shortened by the same factor and the resolving power of the
diffraction grating is increased correspondingly. At SRON, this principle is used for the
production of silicon immersed gratings for the earth observation mission Sentinel-5 [1].
We describe the manufacturing process of our immersed gratings and show the
measurement results of the critical optical performance parameters. The results are
compared to previous work on an immersed grating bread board model for the METIS
instrument of the E-ELT [2] and an outlook is given for potential immersed gratings for
astronomy applications.

[11 M. Rodenhuis et al., “Performance of silicon immersed gratings: measurement, analysis, and
modeling”, Proc. SPIE 9626, Optical Systems Design 2015: Optical Design and Engineering VI, 96261M
(2015)
[2] Tibor Agécs et al; “Optical tests of the Si immersed grating demonstrator for METIS”, Proc. SPIE 9912,
Advances in Optical and Mechanical Technologies for Telescopes and Instrumentation Il, 991215 (July 22,
2016)

Dispersing Elements for Astronomy: New Trends and Possibilities



DEVELOPMENT OF IMMERSION GRATINGS AT LLNL

Paul J. Kuzmenko®*

@ Lawrence Livermore National Laboratory, L-183, PO Box 808. Livermore, CA 94550
* kuzmenko1@IInl.gov

Work on immersion gratings began at LLNL soon after their practical realization was
demonstrated by Wiedemann in 1994. Their advantages in increasing the spectral
resolution of an instrument or permitting size reductions while maintaining resolution
are compelling. Later that year we fabricated our first silicon grating by anisotropic
etching.

However, there are atmospheric windows where silicon is not transmissive. We began
to consider other materials and alternate means of fabrication. Many infrared optical
materials can be diamond machined. We were able to leverage the extensive R&D on
diamond machining conducted at LLNL in the 1970’s and 1980’s. We were also able to
make use of a precision research lathe (PERL) constructed in that era. Although not
designed to machine gratings, it has several features that make it suitable for that task.
We first machined a small (roughly 1 cm?) germanium grating in 2002 for a Department
of Energy project. A few years later with a goal of demonstrating the technology in the
near infrared and visible we cut test gratings in ZnSe, ZnS, and GaP. Since then we
have fabricated a number of gratings for internal projects as well as a set of germanium
grisms for LMIRCAM on the Large Binocular Telescope and the GR700 grism in ZnSe
for NIRISS on the James Webb Space Telescope.

The remainder of this talk will discuss what might be possible for immersion gratings
and grisms. | will describe the limitations of the PERL lathe and of diamond machining
in general as well as practical considerations of the various grating materials.

This work was performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.

A SUMMARY OF KAISER VPH GRATINGS/GRISMS,
LARGE/SMALL FORMAT, HIGH/LOW RESOLUTION, MATRIX,
MULTIPLEX AND PLAIN FOR ASTRONOMICAL SPECTROGRAPHS

James A. Arns®*

2 Kaiser Optical Systems, Inc. 371 Parkland Plaza, Ann Arbor, Ml 48103
* james.arns@kosi.endress.com

Kaiser Optical Systems introduced VPH gratings to instrument builders of astronomical
spectrographs in 1995 and has been actively involved with continuous development,
production, and delivery of custom gratings for use on telescopes ever since.

The following table identifies a selection of Kaiser VPH gratings designed and
manufactured for astronomical spectrographs.
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Year Instrument Telescope/Organization

1999 FORS2 VLT/European Southern Observatory (ESO)

2000 Subaru National Astronomical Observatory of Japan (NAQOJ)

2001 FTSP U.S. Naval Observatory

2003 FORS2 VLT/European Southern Observatory (ESO)

2004 FTSP U.S. Naval Observatory

2005 FORS2 VLT/European Southern Observatory (ESO)

2006 FRODOSPEC | Liverpool Johns Moores University Telescope

2007 SWIFT Hale Telescope/University of Oxford

2007 EFOSC2 U of Sheffield

2009 ACAM le\lllge;m Hershel Telescope/lsaac Newton Group of Telescopes

2009 BOSS SDSS Telescope/Astrophysical Research Consortium (ARC)

2009 OSMOS Hiltner Telescope/The Ohio State University

2009 VIRUS-P H.J. Smith Telescope/McDonald Observatory

2010 KOSMOS z\/’\ll%/ilé)')l'elescope/Natlonal Optical Astronomical Observatory

2010 VIRUS-W EHJysiSchith Telescope/Max Planck Institute for Extraterrestrial

2010 APOGEE SDSS Telescope/Astrophysical Research Consortium (ARC)

2011 PEPSI Large Binocular Telescope/Astrophysics Institute Potsdam

2011 VIMOS VLT/European Southern Observatory (ESO)

2011 MUSE VLT/European Southern Observatory (ESO)

2013 HERMES AAT/Australian Astronomical Observatory (AAQO)

2014 IGRINS H.J. Smith Telescope/McDonald Observatory

2015 APOGEE-S Irénée du Pont Telescope/ Las Campanas Observatory

2015 ESPRESSO | VLT/European Southern Observatory (ESO)

2015 MAROON-X Magellan Telescope/ Magellan Project, Gemini North / Gemini
Observatory

2016 PFS Subaru Telescope/National Astronomical Observatory of Japan

2017 DESI z\/’\ll%/ilé)')l'elescope/Natlonal Optical Astronomical Observatory

Grating sizes range from a few millimeters to more than half-meter. Grating line
frequency can be less than two hundred lines/mm upward to nearly six thousand
lines/mm. Kaiser's VPH technology enables production of gratings that can operate
within the range of wavelengths from about 350 nm to 2800 nm. Final configurations of
planar gratings and complex grisms in quantities of single units to 24 units of a single
design have been delivered to instruments and telescopes located around the world.
These gratings demonstrate the variety and versatility of Kaiser’s production capability.
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TRANSMISSION VPHGS IN SILVER HALIDE SENSITIZED GELATIN

Maider Insausti?, Francisco Garzén?®, P. Mas-Abellanc, R. Madrigal®, A. Fimia®*

2 |nstituto de Astrofisica de Canarias, E-38200, La Laguna (S.C Tenerife), Spain
b Dpto de Astrofisica, Universidad de La Laguna, E-38206, La Laguna (S.C Tenerife),
Spain;
°Dpto de Ciencia de Materiales, Optica y Tecnologia Electrénica, Universidad Miguel
Hernandez de Elche, Edificio Torrevaillo, Elche 03202 (Spain)
* a.fimia@umh.es

Volume phase Holographic gratings (VPHGS) are commonly used in Astronomy and
they are an interesting alternative to diffraction gratings, and grims. For this purpose,
some materials are used to highlight Dicromated gelatin (DCG)[1]. This material has
very high diffraction efficiency and good transmissions even at IR radiation but this
material has a low energetic and spectral sensitivity. Another alternative with high
sensitivity are bleached emulsions although they have right mechanical properties at
cryogenic temperatures, it has print out effect and are not good candidates to
Astronomical instruments[2]. It has also been test gratings in photopolymers however
this material does not have good sensitivity[3].

Silver halide sensitized gelatin (SHSG) are alternative for VPHG. The main properties
that this material must have for astronomical application are high optical quality and
mechanical resistance in cryogenic temperatures.

For this purpose, we aim to perform the optical characterization of an array of
VPHG gratings using SHSG process. The plate was BB640, ultrafine grain emulsions
with a nominal thickness of 9 um. The recording was performed with asymmetric
geometry a 30 degrees between the light beams of wavelength 632.8 nm (He-Ne
laser), which give a raise of spectral frequency of 800 I/m. The exposure was between
46 to 2048 pJ/cm?2.

The SHSG has been tested in cryogenic temperature environment to 77 °K, measured
in the IAC using specific equipment. The measurements have been taken in the
spectral range between 400nm and 1100nm, with a diffracted angle have been
between 18¢ and 42°. All test runs have included a reference measurement, off grating,
before and after the grating test.

In figure 1 we have the diffraction efficiency as function of wavelength for SHGS before
and after the cryogenic process. We can see is that the VPHGs have resisted and have
not significantly changed their behaviour, even performance has risen.

This mean that SHSG is an excellent process in Astronomical application, because has
less thickness variations in cryogenic process and has good mechanical stability at low
exposure.
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Figure 1. Diffraction efficiency for SHSG as function of energy before and after cryogenic process
measured at 632,8 nm.

[1] Zanutta, A., Orselli, E., Facke, T., & Bianco, A. (2016). Photopolymeric films with highly tunable
refractive index modulation for high precision diffractive optics. Optical Materials Express, 6(1), 252-263.
[2] Insausti, M., Garzoéna, F., Madrigalc, R., & Fimiac, A. (2012, September). Tests of VPHGs in the NIR for
use at cryogenic temperatures. In Proc. of SPIE Vol(Vol. 8450, pp. 84503M-1).

[3] Blanche, P. A., Habraken, S., Lemaire, P., & Jamar, C. (2006). Diffracted wavefront measurement of a
volume phase holographic grating at cryogenic temperature. Applied optics, 45(27), 6910-6913.

INFRARED TRANSMISSION GRATINGS MANUFACTURED USING
ULTRAFAST LASER INSCRIPTION

David Lee?*, Helen L Butcher®, David G MacLachlan®, Richard A Brownsword®, Colin R
Cunningham?, Robert R Thomson¢, and Damien Weidmann®

@ Science & Technology Facilities Council, UK Astronomy Technology Centre, Royal
Observatory, Blackford Hill, Edinburgh, EH9 3HJ, UK;
® Science & Technology Facilities Council, Space Science & Technology Department
(RAL Space), STFC Rutherford Appleton Laboratory, Harwell Oxford Campus, Didcot,
OX11 0QX, UK;
¢ Scottish Universities Physics Alliance (SUPA), Institute of Photonics and Quantum
Sciences, School of Engineering and Physical Sciences, David Brewster Building,
Heriot Watt University, Edinburgh, EH14 4AS, UK.
*david.lee@stfc.ac.uk

We will present an overview of our on-going research activity to develop efficient
infrared transmission gratings manufactured using the technique of ultrafast laser
inscription. This technique uses a high power laser beam focused within a glass
substrate to generate permanent refractive index modifications within the material. We
will describe how a periodic grating structure can be built up using multiple scans of the
laser beam. We will discuss the advantages of the ultrafast laser inscription
manufacturing technique and its applicability for the production of gratings within
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infrared transmitting materials such as chalcogenide glass. Inscription of the grating
directly into the substrate creates a robust optical component that has application for a
variety of scientific applications including near and mid-infrared astronomical
spectrometers operating at cryogenic temperatures.

We have manufactured a series of prototype gratings and tested their diffraction
efficiency over the wavelength range 1 — 6 uym. At the blaze wavelength we have
measured first order diffraction efficiency exceeding 60% compared with an un-coated
substrate transmittance of 67%. We will also present our optical model of the grating
structure, theoretical efficiency predictions, and comparison with the measured results.
Finally we will present our new results on optimization of the laser inscription
manufacturing parameters to produce gratings with good second and third diffraction
order efficiency and future prospects for advanced grating structures.

ADVANCES IN THE MANUFACTURING OF PHOTOPOLYMER
BASED VPHG FOR ASTRONOMY

Alessio Zanutta®*, Andrea Bianco?

@ INAF - Osservatorio Astronomico di Brera, via E. Bianchi 46, 23807, Merate (LC),
Italy;
* alessio.zanutta@brera.inaf.it

Within the astronomical field, the progressive increase in telescope size and in
complexity of the spectroscopic instrumentation has highlighted how the current
technologies and traditional materials for dispersing elements do not completely meet
the present and future requirements. Therefore, new materials and solutions have to be
developed not only to realize future astronomical facilities, but also to improve the
performances of already available instruments and devices. In this context, numerous
advances have been made thanks to the introduction of photopolymeric materials for
the production of Volume Phase Holographic Gratings (VPHGs) [1], devices that are
already considered the baseline for dispersing elements in modern astronomical
spectrographs thanks to their high and customizable diffraction efficiency response
[2,3]. Beside the ability to precisely provide the tuning feature, these materials bring
also advantages such as self-developing, high refractive index modulation and ease of
use thanks to their insensitiveness to the external environment (such as humidity). The
versatility of these materials allowed us to propose and realize novel architectures of
the spectroscopic dispersive elements that were hardly feasible with the common
holographic materials. Compact and unique single prism devices were realized for
FOSC spectrographs (as plug-and-play upgrades) [4] and new multi-layered devices
are proposed, stacking thin films containing VPHGs one on top of the other to obtain
many spectra in the instrument’s detector, with advantages as increase of resolution
and signal to noise ratio with respect to the classical single dispersive element [5].
Moreover, the easy processability and the reliability of the photopolymers could also,
for the first time, open the doors to the VPHGs for more industrial processes that can
enable this technology for even more complex devices and solutions.

References
[1] Baldry, I. K., Bland-Hawthorn, J., Robertson, J. G., “Volume Phase Holographic Gratings: Polarization
Properties and Diffraction Efficiency,” Publ. Astron. Soc. Pacific, 116(819), p. 403, (2004).
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[2] Bianco, A., Molinari, E., Conconi, P., Crimi, G., Giro, E., Pernechele, C., Zerbi, F. M., “VPHG in the
cold,” Proc. of SPIE, 4842, p. 23, (2002).

[3] Zanutta, A., Bianco, A., Insausti, M., Garzén, F., “Volume phase holographic gratings for astronomy
based on solid photopolymers,” Proc. of SPIE, 91515X, p. 15, (2014).

[4] Zanutta, A., Bianco, A., Landoni, M., Tomasella, L., Benetti, S., Giro, E., “New GRISMs for AFOSC
based on volume phase holographic gratings in photopolymers,” Proc. of SPIE, 91474E, p. 7, (2014).
[5] Zanutta, A., Landoni, M., Riva, M., Bianco, A., “Spectral multiplexing using stacked volume-phase
holographic gratings—I,” Mon. Not. R. Astron. Soc. 469(2), p. 2412, (2017).

Dispersing Elements for Astronomy: New Trends and Possibilities






DAY 3

9:00 — 10:20: Innovative technologies and approaches for future instrumentation (chair:
Colin Cunningham) — Acquario Civico, Auditorium

Time Title Presenter
9:00 Polarization gratings, and more fun with liquid crystals SNIK Frans
9:30 Waveguide dispersion techniques CVETOJEVIC Nick
9:55 Freeform gratings for imaging spectrometers MOREAU Vincent

10:20 — 10:45: Coffee break — Acquario Civico, Giardino d’Inverno

10:45 - 12:00: Innovative technologies and approaches for future instrumentation (chair:
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Time Title Presenter
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12:00 — 13:00: Discussion and concluding remarks — Acquario Civico, Auditorium
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DAY 3: ABSTRACTS

POLARIZATION GRATINGS, AND MORE FUN WITH LIQUID
CRYSTALS

Frans Snik®*, Michael Escuti®, et al.2?

2 Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA, Leiden, The
Netherlands;
® Dept. of Electrical and Computer Engineering, NCSU, Raleigh, NC 27606, USA;
* snik@strw.leidenuniv.nl

The implementation of patterned liquid crystals allows the application of any phase
pattern by a flat optic, through the so-called geometric phase. In contrast to the well-
known classical phase, the geometric phase is inherently achromatic, and acts upon
circular polarization states with opposite phase for opposite handedness. The highest
diffraction efficiencies are obtained when the liquid crystal layers act as a half-wave
retarder, and the resulting geometric phase pattern is equal to #2x the fast axis
orientation pattern. By using a direct-write method!"! and “multi-twist retarders™?, high-
efficiency, broadband diffractive elements can be manufactured with a pattern
resolution of ~5 um, and with an optical footprint as large as ~30 cm.

By patterning a liquid crystal element such that the axis orientation varies in one
direction in a linear fashion, one obtains a so-called polarization grating®®. If the
retardance of the element is close to half-wave over the operational spectral range, the
diffraction efficiency in orders +1 is close to 100%. Offsets from half-wave retardance
induce leakage in the zeroth order, but, thanks to the local nature of the geometric
phase, light is not diffracted into higher orders!. Polarization gratings with multiple
liquid crystal layers to yield an “achromatic” half-wave retardance therefore constitute
optimally efficient low-order gratings. Moreover, as they split opposite circular
polarization states into diffraction orders *1, they also serve as polarizing beam-
splitters (possibly in combination with an additional quarter-wave plate to effectively
split linear polarization).

We provide an overview of design implementations with polarization gratings in
astronomical spectrometers, or, indeed, spectropolarimeters. We have also
successfully applied a polarization grating in a spectropolarimetric integral field unitl.
Furthermore, as any desired phase pattern can be written, we combine polarization
grating patterns with e.g. focus terms, coronagraphic phase patterns®®’l, and holograms
that enable focal-plane wavefront sensing®. Moreover, by designing the retardance
profile to be particularly chromatic, one can even produce polarization gratings that
diffract one wavelength, and simply transmit another wavelength®®. Finally, we have
also used polarization gratings for a spectacular art project at the Amsterdam train
stationl"?,
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[1]1 M. N. Miskiewicz & M. J. Escuti, Optics Express 22(10), 12691 (2014)
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WAVEGUIDE DISPERSION TECHNIQUES
Nick Cvetojevic®*

2 |'Observatoire de Paris, 5 Place Jules Janssen, 92195 Meudon, France
* nick.cvetojevic@gmail.com

FREEFORM GRATINGS FOR IMAGING SPECTROMETERS

Vincent Moreau®*, Alessandro Zuccaro Marchi®, Benoit Borguet?

2 AMOS, Liege Science Park, 2 Rue des Chasseurs Ardennais, B-4031 ANGLEUR,
Belgium;
® ESA-ESTEC - European Space Research and Technology Centre, Keplerlaan 1,
2201 AZ Noordwijk, The Netherlands;
* vincent.moreau@amos.be

Over the past few years a new breakthrough in the conception and design of optical
systems has emerged: Freeform optics. Freeform refers to surfaces without rotational
symmetry. Such surfaces can provide major advantages in terms of optical
performance and system integration. The use of freeform mirrors or lenses could
conjointly reduce the number of components in optical systems, offer larger field of
view, improved image quality or enable the use of 3D-tilted configurations.

For spaceborne hyperspectral applications, grating-based spectrometers are of special
interest due to the high spectral resolution and optical throughput that can be achieved.
Nevertheless, most of the available manufacturing techniques, such as direct ruling,
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holography, lithography or e-beam writing, are typically applicable on simple shape of
the grating surface, such as flat or spherical surface. The capabilities of manufacturing
Freeform grating could offer new degree of freedom for the optical design of compact
and well-corrected spectrometers.

In the frame of ESA Technological Research Programs, several activities have been
conducted for bringing benefits and additional function of freeform optics to the gratings
spectrometers. AMOS came with several designs that offer increased flexibility and
throughput performances in the sense that it combines imaging, de-magnification and
dispersing functions in a system with only three power surfaces enclosed in a compact
volume. In addition, such designs offer excellent keystone and smile performances
required for push broom space instrument. It can be shown that the use of free-form
gratings allow a reduction of about a factor of 4 in volume with respect an Offner-Chrisp
spectrometer with equivalent performances.

A breadboard of a medium spectral resolution Spectro-imager (2.5 nm bandwidth),
called ELOIS (Enhanced Light Offner Imaging Spectrometer), has been manufactured
and the tests have confirmed the achievement of the challenging design specifications.
The blazed grating itself has been characterized independently in terme of Surface
Error (< 60 nm RMS), diffraction efficiency (>85% max and >70% in mean over the
VNIR range), Polarization sensitivity (< 5%) and scattering (ghost < 10%; grass < 10°).
A new activity has been recently launched for demonstrating the potential of ELOIS
configuration for Atmospheric chemistry. Such application requires extreme signal-to-
noise ratio (~1000) and a spectral resolution of about 1500 (bandwidth~0.5 nm). It
includes a convex freeform grating with 1000 grooves/mm. A blazed holographic
grating will be manufactured through holographic replication process at Horiba Jobin-
Yvon in early 2018.

DIFFRACTION GRATING MANUFACTURING BY NUMERICALLY
CONTROLLED ULTRAHIGH PRECISION MACHINE TOOL

Yutaka Yamagata®*, Noboru Ebizuka?, Takuya Hosobata® Masahiro Takeda?®

@ RIKEN Center for Advanced Photonics, RIKEN, 1-2 Hirosawa, Wako, Saitama, 351-
0198 Japan;
* yamagata@riken.jp

Diffraction gratings are manufactured by several different techniques. Mechanical
machining is one major way of manufacturing diffractive optics elements. The
advantage of mechanical machining is relatively high freedom in diffractive optics
geometry, such as surface curvature, pitch variation and blaze angles. On the other
hand, there have been some disadvantages of mechanically machined diffractive
optics such as surface roughness and pitch accuracy. Those mechanical machining of
diffractive optics have been conducted by so-called "ruling engine", which is a
specialized machine tool for precise pitch groove generation. Numerically controlled
ultrahigh precision machine tools are developed for the purpose of manufacturing
aspherical optics or dies for optical disc pick-up lenses or digital camera lenses. The
precision of diffractive optics manufactured by such machine tools have not been
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satisfactory in the past, but due to recent progress in precision of machine tools, they
are coming close to acceptable precision.

The authors have been working on the development of such ultrahigh precision
machine tools (fig.4) and diffractive optics using them. We will introduce some
examples of diffractive optics research and development such as diffraction grating
mold for spectrometer (fig.1), holographic optical element for optical disks (fig.2), and
germanium immersion grating for mid-infrared spectrograph (fig.3). And near future
perspective for the development of ultrahigh precision machine tool will be mentioned.

Fig.1 Diffraction grating mold for spectrometer.

Fig.2 Test fabricated holographic optical element.

Fig.3 Germanium immersion grating for mid-infrared spectrometer.

Fig.4 A typical ultrahigh precision machine tool.
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BLAZED GRATINGS ON CONVEX SUBSTRATES FOR HIGH
THROUGHPUT SPECTROGRAPHS

Igor Zhurminsky®*, Christian Schneider?, Séren Fricke?, Marc Schnieper?, Fabian
Litolf?, Frédéric Zamkotsian®*

@ CSEM Muttenz Center, Tramstrasse 99, Muttenz, CH-4132, Switzerland;
® | aboratoire d'Astrophysique de Marseille, 38 rue Frederic Joliot Curie,
13388 Marseille Cedex 13, France
* igor.zhurminsky@csem.ch, frederic.zamkotsian@lam.fr

The Digital-Micromirror-Device-based MOS instrument under development should be
mounted on the Galileo telescope. This two-arm instrument provides in parallel imaging
and spectroscopic capabilities. The compact spectrograph design contains a low
density convex grating to disperse light [1]. In order to optimize the spectrograph
efficiency, this convex grating must be blazed at the right angle for maximizing the light
in the first order of diffraction.

A reflective grating blazed on the 1%t order of diffraction, designed with a period of
3300 nm and a blaze angle of 5.1° (see Fig. 1), has been fabricated onto and into
convex substrates with 225 mm radius of curvature and a footprint diameter of
63.5 mm. The blaze is optimized for the center wavelength of 580 nm within the
spectral range of 400 — 800 nm.

The master of the blazed grating structure has been originated on a flat substrate
starting from a rectangular grating with a period of 3300 nm. The rectangular grating
was UV replicated twice using Sol-Gel material and subsequently converted into a
blazed shape by angular Ar ion etching. The desired blazed grating parameters like
depth and blaze angle have been reached by adjusting the initial grating depth in Sol-
Gel as well as the Ar etching angle and duration.

Two approaches have been studied to transfer the blazed grating from a flat surface
onto a convex substrate.

In the first approach, a flexible stamp was generated by UV replication of the blazed
grating, utilizing a flexible nanoimprint material. The flexible stamp was used to emboss
Sol-Gel spin-coated on the convex substrate. In this approach the final component is a
convex substrate with a Sol-Gel layer carrying the grating structure.

In the second approach, nanoimprint material is used as a masking layer for Reactive
lon Etching of the convex substrate. Again, the flexible stamp was used to emboss a
thin layer of nanoimprint material spin-coated on the convex surface. After curing, the
structure was transferred into the quartz substrate by etching. With this approach, the
final component is a convex quartz substrate with the grating structure etched into the
volume.

We demonstrated the successful realization of a blazed grating on convex surfaces for
next generation compact and highly efficient spectrographs. The monolithic approach is
considered more preferable due to the absence of a quartz to Sol-Gel interface prone
to fatigue.
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Fig. 1: SEMs of the blazed grating on a convex substrate: profile (left) and general view (right).

[1] F. Zamkotsian et al., "Building BATMAN: a new generation spectro-imager on TNG telescope", Proc.
SPIE 9908, (2016).

NEW OPPORTUNITIES OF FREEFORM GRATINGS USING
DIAMOND MACHINING

Cyril Bourgenot®*, Ariadna Calcines?, Ray Sharples®.
@ Durham University, Centre for Advanced Instrumentation, Durham, DH1 3LE, UK;
* cyril.bourgenot@durham.ac.uk

With the recent development of new ultrafine aluminum alloys, and progress in the field
of directly machined freeform surfaces, diamond machined freeform gratings could play
an important part in future spectrographs, particularly at SWIR and LWIR wavelengths
where the improved thermal performance of metal optics at cryogenic temperatures is
well established. Freeform diamond machined gratings can offer a cost-effective,
compact, and flexible alternative to gratings fabricated by other methods such as ion
beam etching or complement these technologies.

In this presentation, we discuss both the advantages and limitations in the
manufacturing of freeform gratings using 5 axis diamond machining and investigate
potential applications for astronomy.

Figure 1: Example of curved gratings manufactured at Durham University using diamond machining.
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POSTER ABSTRACTS

INNOVATIVE GRISM DESIGN FOR BFOSC AND DOLORES
SPECTROGRAPHS

Paola Galli*?* Chiara Righi®°, Alessio Zanutta?, Italo Foppiani®®, Emilio Molinari’,
Andrea Bianco?

2 INAF-Osservatorio Astronomico di Brera, Via Bianchi 46, 23807, Merate, Italy
b Politecnico di Milano, Piazza Leonardo da Vinci 36, Milano, Italy

¢ DiSaT, Universita degli Studi dell'Insubria, Via Valleggio 11, 1-22100 Como, ltaly

9 Alma Mater Studiorum, Universita di Bologna, Dipartimento di Fisica e Astronomia,
Viale Berti Pichat 6/2, 40127 Bologna, Italy

¢ INAF - Osservatorio Astronomico di Bologna, Via Ranzani 1, 40127 Bologna, ltaly

"INAF - Fundacion Galileo Galilei, Rambla José Ana Fernandez Pérez 7, E-38712
Brefia Baja, Spain
* paola.galli@polimi.it

BFOSC is an imager/spectrograph mounted at 152 cm Cassini Telescope (Loiano).
DOLORES is the low resolution spectrograph mounted at 358 cm TNG telescope, La
Palma. In order to improve the performances of those instruments, new dispersing
elements based on VPHG technology have been commissioned. We show here the
design and manufacturing of two GRISMs for BFOSC and one for DOLORES. The key
features of such VPHGs are the new photopolymers used to impress the grating, the
very good overall efficiency performances and the innovative design. One of the two
GRISMs for BFOSC is designed to work in the 330-550 nm range and it is based on a
640 lines/mm VPHG. The other one covers the Ha region (600-750 nm range) and it is
characterized by a higher dispersion (910 lines/mm). For both, we focused on the
optimization of the diffraction efficiency of the gratings and on the minimization of the
optical components (aiming at reducing efficiency losses). The GRISM for DOLORES
is designed to cover a wide wavelength range, namely from 0.35 pm to 1 um. Such
wide range suffers of diffraction orders overlap. Therefore, narrower ranges or multi-
exposures were mandatory to cover that range. The design, that we present, tackles
this problem and allows for splitting the 15 and the 2" order spectra on the CCD,
making both usable for the scientists. The element shows a very low dispersion (220
lines/mm) and the combination of three prisms. The first prism defines the incidence
angle on the grating, which diffracts the light parallel to the normal to the grating. In this
way, the system behaves as a classic single prism GRISM. The second and third
prisms are aligned at 90° with respect to the grating and act as a cross disperser.
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GRATING REQUIREMENTS FOR ELT-HARMONI

John Capone®*, Kieran O’Brien?, Niranjan Thatte? Fraser Clarke?, and Matthias Tecza?
on behalf of the HARMONI consortium
2 University of Oxford, The Denys Wilkinson Building, Keble Road, Oxford OX1 3RH;
* john.capone@physics.ox.ac.uk

The High Angular Resolution Monolithic Optical and Near-infrared Integral field
spectrograph (HARMONI) will be among the first light instruments of the Extremely
Large Telescope (ELT). The instrument is designed to address a range of key science
cases between 0.47 and 2.45 ym. HARMONI will be cryogenically cooled to reduce
noise from thermal emission at the longest wavelengths in this range. An integral field
unit (IFU) will map on-sky spatial pixels (spaxels) into four “slits” which will pass into
four spectrographs. The optical layout of a spectrograph is presented in Figure 1.

Articulated
Fold
mirror

IR Gratings
Swing-arm

mirror
1 500 mm

VIS camera IR Camera

Figure 1 — each of the 4 spectrographs will have NIR configurations, but only two are planned to have
visible modes.

Each spectrograph will collimate the corresponding slit using three off-axis, aspherical
mirrors. In NIR configurations, the pupil will be positioned on a transmission grating
with the angle of incidence set for one of three families of gratings by an articulating
fold mirror and a fold mirror on a rotating “swing-arm”. Two spectrographs will have a
visible configuration, which positions the pupil on a transmission grating using the
articulating fold mirror and a fixed fold mirror. The pupil will be approximately 160 mm
in diameter. Following the dispersive element, the beam will be imaged by either a NIR
or visible camera. The baseline grating designs uses volume phase holographic
gratings (VPHGs) with non-slanted fringes; however, alternatives are being considered.
In particular, designs with grating prisms (grisms) could simplify the design of or
remove the need for the swing-arm.
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BATMAN, A NEW GENERATION SPECTRO-IMAGER ON TNG
TELESCOPE

Frederic Zamkotsian®*, Patrick Lanzoni?, Nicolas Tchoubaklian?, Marco Riva®, Luciano
Nicastro®, Emilio Molinari?, Paolo Di Marcantonio® and the BATMAN team

2 Laboratoire d’Astrophysique de Marseille (LAM), CNRS, Marseille, France
b INAF Osservatorio Astronomico di Brera, Merate, Italy, c INAF/IASF Bologna,
Bologna, Italy
4 INAF-Telescopio Nazionale Galileo, La Palma, Spain, e INAF-OAT, Osservatorio
Astronomico di Trieste, ltaly
* frederic.zamkotsian@lam.fr

In order to investigate the formation and evolution of galaxies, next-generation infrared
astronomical instrumentation for ground-based and space telescopes will be based on
MOEMS programmabile slit masks for multi-object spectroscopy.

BATMAN is a 2048x1080 Digital-Micromirror-Device-based (DMD) MOS instrument to
be mounted on the 3.6m Telescopio Nazionale Galileo (TNG), in the Canarias Islands
(Spain). A two-arm instrument has been designed for providing in parallel imaging and
spectroscopic capabilities. The field of view (FOV) is 6.8 arcmin x 3.6 arcmin with a
plate scale of 0.2 arcsec per micromirror. The wavelength range is in the visible and
the spectral resolution is R=560 for 1 arcsec object (typical slit size). The two arms will
have 2k x 4k CCD detectors. Building BATMAN is under way, with all optics delivered
and tested and some other major instrument parts delivered and tested (hexapods,
fore-optics, detectors ...). Remaining optomechanical parts are ordered and integration
and alignment of the instrument is scheduled during spring 2018. The DMD could then
generate dynamically any slit pattern for sending the light of the selected objects
towards the spectrograph. The optical design is based on two Offner relays and the
spectroscopic arm needs a blazed convex grating for optimizing the throughput of the
instrument. The blazed grating has been fabricated by CSEM Bale (to be
presented in this workshop).

ROBIN, a BATMAN demonstrator, has been designed, realized and integrated. It
permits to determine the instrument integration procedure, including optics and
mechanics integration, alignment procedure and optical quality. First images and
spectra have been obtained and measured: typical spot diameters are within 1.5
detector pixels, and spectra generated by one micro-mirror slits are displayed with this
optical quality over the whole visible wavelength range. Observation strategies are
studied and demonstrated for the scientific optimization strategy over the whole FOV.
BATMAN on the sky is of prime importance for characterizing the actual performance
of this new family of MOS instruments, as well as investigating the operational
procedures on astronomical objects.

BATMAN will be mounted on the TNG telescope by the end of 2018.
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Fig. 1: Principle of the MOEMS-based spectro-imager BATMAN and its opto-mechanical design

Reference:
F. Zamkotsian et al., "Building BATMAN: a new generation spectro-imager on TNG telescope", Proc. SPIE
9908, (2016)

ARRAYED WAVEGUIDE GRATINGS FOR HIGH-RESOLUTION NIR
SPECTROSCOPY

Andreas Stoll?, Ziyang Zhang?*, Roger Haynes?, Martin M. Roth?

2 Leibniz-Institut fur Astrophysik, An der Sternwarte 16, 14469 Potsdam;
* zzhang@aip.de

The development and application of integrated optics is currently a much discussed
topic in the field of astronomical instrumentation. Photonic integrated circuits, such as
interferometers, microring-resonators, multimode-singlemode reformatters (photonic
lanterns) and integrated photonic spectrographs (IPS) for deployment in astronomy are
being actively researched [1, 2]. Arrayed waveguide gratings (AWGs) have been
identified as promising candidates for the realization of compact IPS devices. Research
and development of high-performance AWG spectrographs at the Leibniz-Institute of
Astrophysics, Potsdam, is aiming at the realization of prototypes with resolving powers
R = NAA between 15.000 and 60.000 at H-band NIR wavelengths (~1500 nm-1800 nm)
[3]. The AWG designs on the SiO: platform at 1.5% and 2% refractive index contrast
have foot-prints between 20mm x 16 mm (A = 2%, Rmax = 15.000) and 55 mm x 39.3
mm (A = 1.5%, Rmax = 60.000) and contain 181 - 800 waveguides. The impact of wafer
nonuniformities on the AWG performance was studied numerically using 2D beam
propagation method with randomly generated effective index profiles. Diffraction
images were compared with the unperturbed case using a normalized overlap integral
as the figure-of-merit (FOM) function. Simulation results show severe degradation of
the diffraction image for nes nonuniformity RMS>5-10-° , as well as a dependence on
the correlation length Lc of the ne distribution.
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OPTIMISATION OF FREEFORM GRATINGS FOR ULTRA-
COMPACT INTEGRAL FIELD SPECTROGRAPHS

Ariadna Calcines®*, Cyril Bourgenot?, Ray Sharples®.

@Durham University, Centre for Advanced Instrumentation, Durham, DH1 3LE, UK;
* ariadna.calcines@durham.ac.uk

Efficiency, mass and volume are regular problems present in the design of Integral
Field Spectrographs. This communication presents the design and optimisation of
freeform gratings for custom solutions which can potentially be used in an Image Slicer
based IFU to make it more compact, less complex and lighter.

This work, developed in the framework of a CEOI (Centre of Earth Observation
Instrumentation) pathfinder project, investigates the optical design of gratings optimised
in efficiency with a range of resolutions up to R=50,000 to be manufactured on
aspheric or freeform metal surfaces with full control of the blaze micro-structure.

These gratings can be specifically designed for a range of science cases and optimised
to target a specific spectral resolution. Both, the design and manufacturing have been
developed at Durham University. We present some examples optimised for spectral
bands in the visible and near-infrared regions for a wide range of resolutions with
diffraction limited optical quality.
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SPECTROGRAPH WITH A MULTIPLEXED HOLOGRAPHIC
DISPERSIVE UNIT FOR A 1M CLASS TELESCOPE

Eduard Muslimov®*, Alessio Zanutta®, Gennady Valyavin®, Sergei Fabrika®

a Aix Marseille Univ, CNRS, LAM, Lab. d'Astrophysique de Marseille, 38 rue Frédéric Joliot-
Curie, Marseille, France 13388;
b INAF — Osservatorio Astronomico di Brera, via E. Bianchi 46, Merate (LC), ltaly
23807;
¢ Special Astrophysical Observatory of the Russian AS, Nizhnij Arkhyz, Russian
Federation 369167.
* eduard.muslimov@Ilam.fr

We propose an optical scheme of moderate-resolution spectrograph working in the
visible domain. The scheme is based on the principle described in [1]: the key optical
element represents a grism with three musltiplexed volume-phase holographic (VPH)
gratings (see Fig. 1a). Each of the gratings creates a spectral image in a narrow
spectral range — 464-532 nm, 532-611 nm and 611-701 nm for the Blue, Green and
Red grating respectively. With a high-quality commercial camera lens this scheme
allows to reach the spectral resolving power of 4972-5793 covering the entire working
region without gaps.

a b =S

Green
grating

Blue
rati

e grating CCD plane
entrance slit collimator  grating axing —

v " @ 0

multiplexed camera lens
dispersive
unit

Fig.1. Spectrograph with a multiplexed dispersive element: a — general view of the optical scheme, b —
simulated image (log scale).

The modelling technique presented in [2] was applied to the current scheme (Fig.1b). It
was shown that if the reflection and absorption losses are accounted for, the total
throughput of the optical system can reach about 60% in the peak. Intensity of stray
light and ghost images caused by double diffraction is negligible. It is important to
emphasize that the modelling results and preliminary analysis have shown that the
scheme with multiplexed VPH grating has significant advantages in comparison with
the configuration using separate gratings mounted in a cascade. This advantages
include elements arrangement, reflection losses and toleracning. The current
spectrograph configuration covers the spectral lines important for stellar astrophysics in
the best possible way. The developed optical scheme is intended for building of a new
instrument coupled with 1m-class Zeiss-1000 telescope at Special Astrophysical

Observatory.
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A LARGE DIAMETER CAPACITANCE STABILIZED ETALON FOR
THE EUROPEAN SOLAR TELESCOPE

G. Viavattene *, F. Berrillig, D. Del Moro g, L. Giovannellig, D. Gallieni®, P. Lazzarini®,
V. Greco®, G. Cauzzi¢, G. Sharmer®

@ Universita di Roma “Tor Vergata”, Rome, Italy;
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* giorgio.viavattene@romaz2.infn.it

The next generation 4-meters class solar telescopes (e.g. DKIST, EST) will be
optimized for spectro-polarimetric imaging and will require large diameter (up to 250-
300 mm) tunable filters for imaging spectroscopy.

Such tunable filters will be used to select quasi-monochromatic images to obtain
spectro-polarimetric data with high spatial, spectral and temporal resolution.

The Capacitance Stabilized Etalon (CSE) represents the most suitable device to
operate in the visible and near-infrared ranges with the required performances.

The wavelength selection of a CSE is obtained by multiple beam interferometry in the
optical cavity created by two partially reflective flat plates.

The CSE is a Fabry-Perot interferometer (FPI) whose optical cavity is controlled by
piezo-actuators and measured by capacitors.

The combined use of the CSEs and narrow band filters will allow us to perform a high
resolution spectral scan of the chosen spectral lines of extended astronomical sources,
such as the solar photosphere and chromosphere.

The high transparency of such an instrument allows for the required temporal cadence
to sample the fast dynamics processes with the resolution they deserve.

We present a study on the performances of a large diameter CSE (150 mm diameter)
performed under the SOLARNET FP7 project.

NOVEL GRATINGS FOR ASTRONOMICAL OBSERVATIONS

N. Ebizuka*?, T. Okamoto?, M. Takeda?, T. Hosobata?, Y. Yamagata?, M. Sasaki®, M.
Uomoto®, T. Shimatsu®, S. Sato?, N. Hashimoto?, |. Tanaka®, T. Hattori®, S. Ozakie, W.
Aoki®

2 RIKEN, 351-0198 Japan, b Toyota Technological Institute,
¢ Tohoku University, d CITIZN WATCH Co. Ltd.,
¢ National Astronomical Observatory of Japan
* Email: noboru.ebizuka_at_riken.jp

In this presentation, we will introduce novel gratings for next generation instruments of
the TMT (Thirty Meter Telescope), the 8.2 m Subaru telescope, other ground-based
and space-borne telescopes. The reflector facet transmission (RFT) is a surface relief
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grating with sawtooth shaped ridges with an acute vertex angle in which an incident
beam from one facet of a ridge is reflected on the other facet of the ridge and the beam
is exited from the rear surface of the ridge as shown in Fig. 1 [1, 2]. In the case of the
incident and the diffraction angle are 45° , and the refractive index of ridges is n=1.54,
the vertex angle of the ridges is 38.3° . The RFT grating aims at practical use for
WFOS (Wide-Field Optical Spectrograph) of TMT [3]. As a prototype of the RFT
grating, a hybrid grism which combines a high index prism and surface relief grating
with sawtooth shape ridges of an acute angle [1, 2], is developing for the MOIRCS
(Multi-Objects Infrared Camera and Spectrograph) of the Subaru Telescope [4]. The
left panel of Fig.2 is the mold for the replication experiments of the hybrid grism, and
the middle and right panels of Fig.2 are the color contour of the wavefront error of
diffracted beam of the master and the 2nd generation replica, respectively. We are
developing a volume binary (VB) grating which functions as a quasi-Bragg (QB) grating
[5] for an echelle grism of the MOIRCS. As a fabrication method for a VB grating, a
silicon grating of ridges with a high aspect ratio is used as a mold (Fig. 3) [1]. In
addition, we also introduce a birefringence volume phase holographic (B-VPH) grating
which is combined an optically anisotropic medium such as a liquid crystal with an
isotropic medium, or two kinds of optically anisotropic media [1, 2], and a QB
immersion grating in which consists of silica substrates laminated by bonding of gold
fusion in the room temperature [6] is cut with tilting of 30°, Littrow prism (30-60-90
triangle) and surface reflection mirror [1].

!

Fig. 1 Schematic representation Fig. 2 Mold of hybrid grism(left) Fig. 3 SEM photograph of silicon

of RFT grating [1, 2]. [1]. Wave front error of diffraction VB grating, left; grating period:
beam of mold (middle, PV: A=5.1pym, height: t=10um, width:
0.89A, RMS: 0.13A) and 2nd $=0.44pm, right; A=5.1pm,
genelation replica (right, PV: t=20um, s=0.80um [1].

0.48\, RMS: 0.07A).
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THE END-TO-END SIMULATOR FOR THE E-ELT HIRES
HIGH RESOLUTION SPECTROGRAPH

M. Genoni*#®, M. Landoni®, M. Riva®, G. Pariani®, E. Mason¢, P.
DiMarcantonio®, K. Disseu?, I. Di Varano®, O. Gonzalez', P. Huke¢, H.
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" matteo.genoni@brera.inaf.it

We present the design, architecture and results of the End-to-End simulator
model of the high resolution spectrograph HIRES for the European
Extremely Large Telescope (E-ELT). This system can be used as a tool to
characterize the cross dispersed echelle spectrograph both by engineers
and scientists. The model allows to simulate the behavior of photons
starting from the scientific object (modeled bearing in mind the main
science drivers) to the detector allowing to perform evaluation of the
different parameters of the spectrograph design. The architecture of the
simulator and the computational model are described in details. These are
strongly characterized by modularity and flexibility that will be crucial in the
next generation astronomical observation projects like E-ELT. Finally, we
present synthetic images obtained with the current version of the End-to-
End simulator based on the E-ELT HIRES requirements (especially high
radial velocity accuracy). Once ingested in the Data reduction Software
(DRS), they will allow to verify that the instrument design can achieve the
radial velocity accuracy needed by the HIRES science cases.
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MITS: MULTI-IMAGING TRANSIENT SPECTROGRAPH
FOR SOXS

Adam Rubin&*

@ Weizmann Institute of Science, 345 Herzl St, Rehovot, Israel
* adam.rubin@weizmann.ac.il

Son Of X-Shooter (SOXS) is a medium resolution spectrograph designed
for the ESO 3.6 m New Technology Telescope (NTT). The main science
goal of SOXS is the study of transients, and therefore it is designed to
cover the entire band from 350-1750 nm with high throughput at a
resolution of MAA~5000. As the name implies, SOXS was designed based
on the successful 4-C design of X-Shooter. The classical 4-C design uses
an echelle grating which is a source of significant throughput losses.

We present an alternative design for the UV-VIS arm of SOXS. Our Multi-
Imaging Transient Spectrograph (MITS) splits the spectral band into four
~120 nm sub-bands. This allows the use of high efficiency gratings which
are optimized for a narrow band (e.g. VPH), as well as optimization of the
camera optics and their coatings. As a result our design drastically
increases the throughput while maintaining similar spectral resolution. The
design has been accepted by the collaboration and has passed a
preliminary design review.

We show the preliminary design, resolution and throughput estimates. We
also discuss optical and mechanical design considerations.

NEW SERIES OF HIGH RESOLUTION AND EFFICIENCY
GRATINGS

Will Saunders®*

2 Australian Astronomical Observatory, P.O. Box 915, North Ryde, NSW
1670, Australia
* will@aao.gov.au

Certain combinations of incidence angle, DCG thickness and index
modulation lead to high efficiencies for high resolution VPH gratings,
because the efficiency is simultaneously maximized for both s and p
polarizations. These ‘Dickson’ gratings are well known and already in use in
astronomy. However, other series of gratings, with even larger incidence
angles and higher resolutions, share this same property but appear to have
been overlooked to date. All these gratings require large prisms bonded to
the grating to avoid total internal reflection at the air/substrate interface. At
shorter wavelengths, the line density exceeds 6000/mm and similar prisms
are also needed for the recording.

One of these series has dispersion twice that of the Dickson gratings, and
looks feasible with current recording technology. Other series have even
larger grating angles and dispersions; in principle, the only limit to the
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grating angle is set by total internal reflection between the substrate and
the DCG.

The MSE telescope requires high resolution (R~38,000) spectroscopy for
~1200 simultaneous targets. Because of the large AOmega of the
telescope (11.25m primary, 0.8 arcsec fibers), the required grating and
beam sizes are very large for traditional (or even Dickson) gratings. The
proposed gratings offer a way to greatly reduce the size of the
spectrographs, and make the gratings with current beamsizes.

THE SOXS SPECTROGRAPH FOR ESO-NTT

Matteo Munari®*

@ INAF - Osservatorio Astrofisico di Catania, via Santa Sofia 78, 95123
Catania (ltaly)
* mmu@oact.inaf.it

SOXS (Son Of X-Shooter) will be the new spectrograph for the ESO-NTT
(New Technology Telescope) at La Silla. It has been selected by ESO in
2015 out of 19 proposals, and the design has passed the PDR in July 2017;
observations are expected in early 2021 (commissioning late 2020).
Mounted at the Naismyth focus, highly efficient and full-time available, it will
be mainly devoted to the study of transient sources, with a resolution of
R~4500 for a 1 arcsec slit and a complete simultaneous spectral coverage
of the [350-1750] nm range.

The spectrograph is actually composed by two arms (UV-VIS and NIR), fed
by a common path subsystem. The NIR arm follows the 4C design (already
successfully used in X-Shooter), while the UV-VIS will employ an innovative
design based on VPH and dichroics to produce an echelle like spectrum. A
Calibration Unit and an Acquisition Camera, capable of scientific grade
photometry in ugrizy filters, complete the instrument.
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OCTOCAM: GEMINI’'S FUTURE MULTICHANNEL IMAGER
AND SPECTROGRAPH

Antonio de Ugarte Postigo®*

2 Instituto de Astrofisica de Andalucia (IAA-CSIC), Glorieta de la
Astronomia, s/n, E18008 Granada, Spain.
* deugarte@iaa.es

OCTOCAM is an 8-chanel imager and spectrograph capable of obtaining
simultaneous imaging ing, r, i, z, Y, J, H, and Ks bands of a field of view of
180"x180". It will also perform long slit spectroscopy covering the range
from 3700 to 23500 A with a resolution of ~4000. By using state of the art
detectors OCTOCAM will be able to perform high-time resolution
observations and minimize the dead time between exposures. This poster
will present the technical aspects of the project, which has just gone
through the preliminary design phase, and discuss its scientific motivation.
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