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N MSE HR Designs In The Past 4 Years
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Presenter
Presentation Notes
We begun to discuss about high-resolution spectrograph from the workshop held at Paris observatory in 2015. From then on, we tried different designs to conquer this challenge. Today, I want to report the latest design with Echelle grating. 


J@‘\ Balance Between Science And Technology (1)

Maunakea Spectroscopic Explorer

Design Reguirement

Year Multiplexing \Wavelength Spectral Arms Resolution Window Interesting Instrument Sensitivity
Coverage Bandpass Windows (m=20, 1hrs)

= B=360-450nm RB=40K B=1/30 B: 408.55nm
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(©0.75"-0.87) | (360 —820nm)

RB=30K-40K
G=420-580nm RG=20K-30K
R=580-820nm RR=30K-40K



Presenter
Presentation Notes
This high-resolution spectrograph is capable of working over a wide wavelength range of 360-900nm by separating 3 spectral arms, blue, green and red arms. In each spectral arm, spectrograph can observe objects at a narrow band, which has bandpass about 1/30. We call it working window. In the past time, the design has changed with the science requirement, and the science requirement also has modified to reduce technical difficulty. Especially, resolution configuration in 3 spectral arms. 
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Presenter
Presentation Notes
Maybe, some people is a little confused about relationship between spectral arms and working windows. I hope this slide can help us to make it more understanding. From this diagram, the band of working window is part of spectral arm, and the MSE project expects to switch working windows according to science requirement.


J@\ Balance Between Science And Technology (2)

Maunakea Spectroscopic Explorer

Technical Challenge from High-resolution of R=40K

Normally, a multi-object fiber-fed spectrograph (MOS) provide the required resolution by using a single

order; of:dispersion, in order. to. maximize the number of fibers covered by the same detector.

It leads a challenging grating with high line density of > 6000 l/mm anc
AcCcording torinvestigation: in 2016 and' 2019, this Kind of grating or grism reguire higher. than 1M USD for
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Presenter
Presentation Notes
The technical challenge we face is high-resolution of 40K. As well as we know, a multi-object fiber-fed spectrograph (MOS) normally provide the required resolution by using a single order of dispersion, in order to maximize the number of fibers covered by the same detector. For MSE high-resolution spectrograph, it leads a challenging problem about grating or grism. The previous design requires a high-line-density and oversize grism. Its line density is up to 6000 lines per mm, and clear aperture is up to 300 mm by 700 mm. And it raise much technical risk because it has never been developed.  When the spectrograph want to switch working windows, we have to change the gratings with different line density. This is normal way to switch windows but not the fastest.


J@‘\ Balance Between Science And Technology (3)

Maunakea Spectroscopic Explorer

4

Technical Challenge from High-resolution of R=40K

It promotes us to think of using Echelle grating instead of single-order grating.
grating is capable of providing But it raises another problem about

handpass ai N WINAGW.

This Kind of grating needs 2 — 4 orders to cover the requirec - It results in rapidly reducing the
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Presenter
Presentation Notes
This technical challenge promotes us to think of using Echelle grating instead of single-diffraction-order grating. A conventional Echelle grating can provide high-resolution at higher diffraction orders, and cover the full wavelength range by using many diffraction orders. For MSE high-resolution spectrograph, the grating needs 2 – 4 orders to cover the band of working window. It results in rapidly reducing the number of fibers at every spectrograph at the same ratio.


J@‘\ Comparison Between Two Kinds of Gratings (1)

Maunakea Spectroscopic Explorer
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Presenter
Presentation Notes
Let us compare these two design with different kinds of dispersers. The design done in 2018 used single-diffraction-order gratings. The current design uses Echelle grating. The current design accommodates only 90 fibers per spectrograph, but not 540 fibers in the previous design. And the resolution is all 30K among 3 spectral arms because 3 arms share a common echelle grating. The window bandpass changes with central wavelength at different working windows. Benefited from the using of echelle grating, the spectrograph can uses smaller aperture，down to 245mm from 300mm.  


A Comparison Between Two Kinds of Gratings (2)

Maunakea Spectroscopic Explorer

L

Design with ‘Diamond” Grism (2018)

1. The design uses the normal optical layout
for multi-object spectrograph.

2. F/2 reflective collimator takes higher
fabrication risk.

3. ‘Diamond’ grism gives high diffraction
efficiency than the others, but its
fabrication Is very challenging and

EXPENSIVE.
S/ N (o 4., Clear aperture of refractive camera IS
Disperser in GWW-01 ' g about 500mm in diameter. Its glass
Green / Red Corrector i,, / ’ materials and fabrication are challenging
7 as well.
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Presenter
Presentation Notes
This slide show us the optical system designed in 2018. It uses normal optical layout with 3 spectral arms. Its reflective collimator is very fast, F/2, in order to directly couple with fibers. It takes higher fabrication risk. On the other hand, a kind of diamond grism is used to provide the required resolution. And refractive camera requires large clear aperture up to 500 mm in diameter. These take great technical risk.  


—IN Comparison Between Two Kinds of Gratings (2)

Maunakea Spectroscopic Explorer
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New Design with Echelle Grating (2020)
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Presenter
Presentation Notes
This is the optical layout designed in this year. It’s possible another option for the MSE project. This design uses a double-path collimator to project the beam on the echelle grating, and then make first image at the focal plane near slit. It constrains the number of fibers. And then a transfer collimator project the dispersed pupil into 3 spectral arms by 2 dichroic planes. Each spectral arm have own window filter, cross-disperser, camera and detector. The transfer pupil is of only 160 mm in diameter so that can control the clear aperture of camera no bigger than 250mm in diameter. Finally, we plan to switch working windows by changing filters.  It’s faster than changing grating.


J@k Comparison Between Two Kinds of Gratings (3)
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Presenter
Presentation Notes
This new design has different spectra pattern at detector. Normally, multi-object spectrograph gets a 2-dimension spectra like the left diagram. 500 spectra is listed in vertical dimension. Every spectra is parallel to each other. However, the new design gets more complicated spectra pattern. In the vertical dimension, each fiber has 2 orders of spectra to cover the band of working window. It limits the number of fibers. Finally, the detector accommodate 90 pairs of spectra in total. It needs 10 spectrographs or more for all 1000 fibers.


—N Comparison Between Two Kinds of Gratings (3)

Maunakea Spectroscopic Explorer
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Presenter
Presentation Notes
Because of using echelle grating, every two adjacent fibers need to provide enough space in vertical dimension for 2 orders of spectra. After analysis, we can get good spacing over the full wavelength range from 360 to 830nm. The residual space is wider than 5 pixels. It’s good to avoid cross talk. And the spectra location shifts very small when changes working windows.
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Comparison Between Two Kinds of Gratings (3)

Free Spectral Range at Different Windows
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Presenter
Presentation Notes
Echelle grating has another characteristics about free spectral range. It changes the spectra width at detector, longer central wavelength gets wider free spectral range at a order of spectra. It decides the bandpass of different working window. 
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Comparison Between Two Kinds of Gratings (4)

Different Curves of Diffraction Efficiency
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Presenter
Presentation Notes
The reason why make different free spectral range at different orders is because of grating diffraction. Echelle grating gets variable diffraction efficiency over the band of working window. Central wavelength of working window get the highest efficiency of about 60%, the edge wavelength in free spectral range at a single order may be only 45%. It depends wavelength and diffraction order. So it’s a little different from the single-order-diffraction grating. It may get smoother curve and higher efficiency. Now, we must have a question that so much difference in efficiency also could meet requirement in instrument sensitivity.


u,’\__{\x Comparison Between Two Kinds of Gratings (4)

Maunakea Spectroscopic Explorer

Reguirement of Diffraction Efficiency by Instrument Sensitivity
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Presenter
Presentation Notes
Let us have a look at the requirement of grating efficiency from this diagram. These curves were calculated 2 years ago, in according to the instrument sensitivity of signal noise ratio of 10 at wavelength longer than 400nm. From this diagram, we can predict the echelle grating feasibly provide the required efficiency for science observation.


4/\-_{\ - Optical Design of Spectrograph
Maunakea Spectroscopic Explorer

Channel Design

Blue channel
Red channel

Green channel

i aed U
B i B8

d

-
~
2
®

¥

atrix Spot Ma Epo agram Diagra

391-396nm 450-457nm 673-689nm
Nanjing, October 15, 2020



Presenter
Presentation Notes
Last, I show the details of optical design on this slide. It is composed of many lenses to get good image quality. The lower diagram is about spot diagrams, and each box is of 4.5 pixels by 4.5 pixels. The diffused spot is not big than the box. So we could believe the optical design could meet the requirement in engineering. 
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TThe new HR design with Echelle grating I1s possibly a trade-off solution for the
technical challenge from high-density oversize grism.

Echelle grating Is widely applied in single-object high-resolution spectrograph,
and effectively provide high dispersion over the full wavelength range of 360-
900nm. And!it alse enables to cover any working window by two corresponding
prders. This new design provides a faster and more economic way to switch
Working windoews by changing filters.
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