Header for SPIE use

LIRIS (Long-slit I ntermediate Resolution Infrared Spectrograph)

Project status

Arturo Manchado a , Mary Barreto a , José Acosta-Pulido a , Francisco Prada b , Carlos Dominguez-Tagle a ,

Santiago Correa a , Ana B. Fragoso a , Javier Fuentes a , José L. Iserte a , Enrique Joven a , Roberto Lopez a ,

Antonio Manescau a , Heid yMoreno a , Victor Padrón a , Jose Luis Rasilla a , Pablo Redondo a , Vicente

Sanchez a , Nicolas Sosa a , Eli Atad ˘ Ettedgui c and Peter Hastings c a Instituto de Astrofisica de Canarias, E-38200 La Laguna, Tenerife, Spain.

b Centro Astronómico Hispano Alemán, Apartado 511, E-04080 Almerí a, Spain.

c UK Astronom yTechnology C entre, Edinburgh, Scotland, United Kingdom.

ABSTRACT

LIRIS is a near -infrared (0.9-2.4 microns) inter mediate resolutio n spectrograph (R=1000-8000) with added capabilities for multi-object, imaging, coronography, and polarimetr y. T his instr ument is no w being constructed at the I AC, and upon complexion will be installed on the 4.2 mWilliam Herschel T elescope (WHT ) at the Observatorio del Roque de Los

Muchachos (ORM, La Palma). T he optical system uses lenses and is based on a classical collimator/camera design. Grisms are used as the dispersio n elements. T he plate scale (0.25 arsec/pixels) matches the median seeing (0.5 arcsec in the K band) at the ORM. T he detector is a Hawaii 1024x1024 HgCdT e arrayoperating at 60 K.

Keywords: Near-IR, I mager, Spectro meter s, Multi-object.

1. INTRODUCTION

T he advancement of I nfrared technologyo ver the past few year s, especiallyin the fields of detectors and cr yogenics, has allo wed the develop ment of IR spectrographs with similar characteristics to optical ones. T his opens a new windo w to astrophysical research. With this idea in mind, we started the design of LIRIS in 1998 1 . LIRIS is conceived as a co mmon user instr ument for the WHT at the Observatorio del Roque de los Muchachos (ORM La Palma) to fill a gap in the current instr umentation at the ORM. T he main philosophyo f LI RIS is: to maximize of the scientific versatility/technical co mplexity ratio; to keep overall costs within reaso nable limits, and to have the instrument on the telescope within about 3 year s.

LIRIS is a near -IR spectrograph working the range between 0.9 and 2.4 microns with image capability, which allo ws easy target acquisition. Design was based on lenses and grisms to make the design more co mpact. Besides having operation modes similar to other IR spectrographs, LIRIS adds so me uniq ue modes such as: coronography, multi-object spectrograph, and polarimetr y.

T he main LIRIS features are listed in T able 1 and an schematic representation of the instrument is presented in Figure 1 .

2. SCIENTIFIC CASE

Given its co mmo n-user status, it should be possible to use LIRIS for a wide range of astrophysical disciplines, including the areas of stellar, planetar y, extragalactic and cosmo logical physics. We list belo w so me o f the most relevant possible scientific applicatio ns (a more detailed description has already been presented 1 ):

· Spectroscopyof proto-planetar y neb ulae

· Detection of ver y lo w mass secondaries, planets and bro wn dwar fs.

· Spectroscopyof nearb yand distant galaxies with massive star for mation: nearb yHII regions and distant starbursts.

· Stellar kinematics and populations in spiral galaxies.

· Physical co nditions o f the gas, and the stellar kinematics and populations of starburst galaxies and AGNs.

· Ultraluminous infrared galaxies.

· T he fundamental plane o f high- redshift elliptical and S0 galaxies.

· Redshift measurements of infrared sources.

Focal Station Cassegrain

Wavelength range 0.9 - 2.4 m m

Array format Rockwell Ha waii 1024x1024 HgCdT e

Scales at detector 0.25 arcsec / pixel

Observing mo des

I maging ,Lo ng-slit Spectroscop y, Multi-object spectroscopy, coronography with apodization masking and Polarimetr y

Detector working temperature

60 K

Imaging mo de

FOV 4.2 x 4.2 arcmin

Sensitivity K= 22.13, H=23.68, J=24.75, Z=25.24 for t=1hr, S/N=3 in 0.5 arcsec seeing.

Spectroscopy mode

Slit Length 4.2 arcmin

Slit Widths 0.5", 0.75", 1", 2.5" and 5"

Spectral resolution

Lo w / medium resolution: R=1000 / 3000 for slit width 0.5" (4 grisms)

High resolutio n: R= 8000 for slit width 0.5" (2 grisms)

Spectral coverage

Fro m0.887 to 1.531 m m[bands Z and J, R=1000]

Fro m1.388 to 2.419 m m[bands H and K, R=1000]

Fro m0.997 to 1.185 m m[bands Z , R=3000]

Fro m1.178 to 1.403 m m[bands J , R=3000]

Fro m1.451 to 1.733 m m[bands H , R=3000]

Fro m2.005 to 2.371 m m[bands K , R=3000]

Fro m2.079 to 2.147 m m[bands K , R=8000]

Fro m2.267 to 2.420 m m[bands K , R=8000]

Sensitivity

R=1000: K=18.79, H=20.27, J=21.50, Z=22.26 (continuum)

R=3000: K=17.91, H=19.37, J=20.53, Z=21.19 (continuum)

In both cases for t=1hr, S/N=3, FWHM=0.5 " .

M ulti-object Spectroscopy mo de

Number of ma sks 10 multislit masks available.

T able 1 .- Instrument features.

3. OPTICS

LIRIS is based on a classical collimator/camera design. T he light passes through a Fused Silica windo wand for ms the telescope focus o n a cold aperture mask. A BaF2 - Fused Silica - BaF2 triplet collimates the inp ut light and for ms an image of the primar y mirror at the cold stop. T his collimated beampasses through the p upil optics: filters, grisms, apodization masks and Wollaston prisms which are mounted on wheels for easychange in operation modes. T he camera uses a Petzval concept with 4 lenses: BaF2 - Schott SF6 doublet, BaF2 singlet and a BaF2 field lens.

T he detector will be mo unted in a cold translatio n mechanism to co mpensate for non- achromaticity along the observing spectral range. T otal translation range will be ± 2.5 mmalo ng the optical axis.

Instrument telescope interface

Baffle

COLLIMATOR

DATA REDUCTION STATION

ELECTRONICS RACK

Fast Ethernet

CONTROL STATION Ethernet

RS232

Fiber optic

MECHANISM CONTROL

SOFTWARE

F a n

- o u t CAMERA

ASSEMBLY

DATAADQUISITION SOFTWARE

INSTRUMENT

SUPPORT PLATAFORM

REAL TIME DISPLAY

Central Wheels Assembly

Detector

Detector controller

DETECTOR

CONTROL

Pre-amplifier board

Entrance

W indow

ENTRANCE

WHEEL

Filter

W heel #2

Aperture

W heel

CRYOSTAT

Collimator

Lens 3

Filter

W heel #1

Collimator

Lens 1&2

Fold Mirror

Optical bench

CLOSED CYCLE

COOLER

F

O

C

U

S

M

E

C

H

A

N

I

S

M

Camera

W heel

MECHANISM

CONTROL

HARDWARE

DETECTOR

TEMPERATURE

CONTROL

Grisms

W heel

VACUUM

HARDWARE

CONTROL

1 st

2 st

Disc

Figure 1 .- LIRI S schematic representation.

3.1 IM AGE QUALITY

T he image qualityis such that the 80% of the energy of the Point Spread Function (PSF) is encircled in a diameter less than

25 m m for all bands (equivalent to 0.34 arcsec at the detector scale).

3.2 GRISM S

Here the set of grisms alread yordered is listed. Lo w resolution gr ism are replica grism, while high resolutio n ones are directlyruled. T he use of high refractive index subtract (Germanium) allo w us to achieve resolution as high as 8000.

Material

_ ini _ cen _ end Order Resolution

Corning_9754 0.887 1.209 1.531 1 960

Corning 9754 1.388 1.904 2.419 1 945

KRS5 0.997 1.091 1.185 6 3000

KRS5 1.178 1.290 1.403 5 2900

KRS5 1.451 1.592 1.733 4 2900

Ger manium 2.005 2.188 2.371 1 3000

Ger manium 2.0796 2.1468 2.2140 1 8100

Ger manium 2.2668 2.3436 2.4204 1 7800

T able 1.- LIRIS Grisms

3.3 FILTERS

A set of broad and narrowband filter s will be provided. All filters have been acquired via a consortium lead b yDr. A.

T okunaga. In T able 2 the filters are listed.

Filter Na me Cut-on

( in microns)

Cut-off

( in microns)

Z 0.996 1.069

J 1.170 1.330

H 1.490 1.780

K_s 1.990 2.310

Br-gamma 2.150 2.182

K-continuum 2.253 2.287

H-continuum 1.558 1.582

[ FeII] 1.632 1.656

H2 v=1-0 2.106 2.138

H2 v=2-1 2.231 2.265

CH4_l 1.640 1.740

He I 2.043 2.073

T able 2 .- LIRIS filters.

3.4 THROUGHPUT

T he optics of LIRIS are all refractive, with the exception of a single folding flat mirror in the collimator assembly. T he

expected throughp ut (averaged across the wavelength range) for the optics is 80% and 64% in imaging and spectroscopic

modes, respectively. T he grismtransmissio n is assumed to be 80%. T he total throughput including the optics, filter and

detector is 35 % and 30% in imaging and spectroscopic modes, respectively.

4. MECHANICS

T he optical layout and the functio nal specification have driven the design o f the instrument. T he great versatilityco mb ined

with the high image qualityhave significantlyshaped the instr ument layout.

Figure 2 .- LI RIS exter nal view ( Ó UKATC).

Figure 3 .- LI RIS with front cover and radiation shield removed ( Ó UKATC).

Header for SPIE use

T he large entrance wheel sets the shape of the cr yostat and its internal hard ware, with the optical axis close to one edge. T he whole cr yostat is offset with respect to the optical axis of the telescope. It is counter-balanced b yits electro nics rack, which will for man integral part of the assembly.

4.1 CRYOSTAT

T he vacuum vessel is a welded cylindrical vessel. It is made in three sections, a central ring and two end covers. T he front cover is a circular plate which carries the windo w and its mounting and a cover over the port giving access to the entrance wheel. It is not necessar yto remove the front cover to change focal plane masks. T he rear cover could be removed to gain access to all the other inter nal modules of the instr ument. It has an auxiliar yaccess port to facilitate the fir st integratio n

&alignment steps without detector.

T he center section carries all the semi-per manent access ports. T hese carryports for electrical wiring, cooling and vacuum pumping.

A Finite Elements Analysis is being made in order to finalize the design and to choose the material for the vacuumvessel, as well as the design of the trusses and the optical bench. Figure 4 sho ws so me of the results for the optical bench.

Figure 4 .- Optical bench´ s displacement for ther mal and pressure loads.

4.2 COOLING SYSTEM

T he cold mass o f the instrument is about 200 Kg and is pre-cooled with LN

2

held within the structure of the optical bench.

T he cooling system is a two -stage CT I model 1050C closed-cycle refrigerator. T his wor ks on the Gifford-McMaho n cycle and has typical cooling po wers of 45W @ 60K plus 4W@ 15K. T he first stage cools all the cold parts of the instrument, except for the detector and its ho using. T he closed-cycle cooler is mo unted in an anti-vibration mo unting and joined to the optical bench b yflexible thermal links.

4.3 RADIATION SH IELDS

T ogether with the optical bench, there are two radiation shields that for ma light-tight cold enclosure for the instrument as well as photon traps. T he radiation loads on the instrument are reduced bymulti-layer insulation (M LI) for med into three sections o f blankets. T he front radiation shield has two functio ns: to support the front M LI blanket and to carr yand cool the stray-light rejection baffle. It has an access port so that masks in the entrance wheel can be changed fro moutside with the minimum of disturbance. T he rear radiation shields serves to cond uct the heat, which passes through the M LI blanket away to the optical bench.

4.4 OPTICAL BENCH

T he bench is an aluminium welded str ucture, supported fromthe front ring of the central section o f the vacuum vessel b y three trusses made fro mG10 glass-epoxy co mposite. It has a cylindrical shape and its plates acts as a reference sur faces and mo unting for all the cold modules. T he bench will be also used as a tank for LN

2

for pre-cooling the instrument. T he front plate supports the entrance wheel. T he rear plate supports the rest of the cold parts. T he optical bench is fitted with a panel heater to allo wa controlled war m-up while still under vacuum.

4.5 M ECHANISM S

T here are four mechanism mod ules: the entrance wheel, the central wheels, the camera wheel and the focus mechanism. T he entrance wheel carries 15 masks plus an aperture, each with a clear aperture of 57 mm sq uare. T he central wheel mod ule contains the four wheels carr ying optical elements: two filter wheels, with 12 holders each, an aperture wheel and the grisms wheel, which carries 9 grisms plus an aperture. T he camera wheel contains the main camera and the re-imaginatio n pupil camera. T he focus mechanism contains the detector and its ho using.

Figure 5 .- Central Wheels sub-assemblies ( Ó UKATC) .

T hese six wheels are wor mwheels driven b ystepping motors mo unted on the outside of the module housing. T he drive unit assembly is co mmo n to all the wheels. It is based on stepping motors with double-ended rotor shaft and with 500 steps per revolutio n. T he wor mis made fro mDuPont Vespel SP3, which makes it a self-lubricating in cr yo genic conditions. It is carried on a stainless steel shaft. T he aluminium wheels have teeth cut as a helical gear, in order to remove one constraint o n the assembly tolerances. A central hub with two back to back angular contact bearings that provide high tilt stiffness supports all wheels. Such bearing arrangement also provides a satisfactor yther mal path to allo wcooling of the wheels. A cam-operated microswitch deter mines the datumposition.

T he focus mechanism is based on Jones´classic parallel motion flexure design adapted for cryo genic use. T he mechanism consists basically in a focus stage and a drive unit. T he focus mo vement is produced bya leadscrew and nut driven b ya stepping motor through a train of three gears. It gives a total travel of 5,6 mm.

5. DETECTOR AND MECHANISM CONTROLLERS

5.1 DETECTOR CONTROLLERS

T he controller system for the 1024x1024 IR Hawaii detector byRockwell 1 uses the SDSU controller 3 , a commercial product developed bythe San Diego State University, and is supplied b yIRLabs (T ucson, AZ). It is based on the 56200 DSP by

Motorola and although initially intended for CCDs , it is also suitable for controlling IR detectors.

A modified code developed byP. Moore 4 ofthe Isaac Newton Group (ING 5 ) for the Ingrid Project 6 is being used. T his code will be expanded, in a future versio n, to include reading modes such as ramp s and windo wing of the detector. T o cope with this, a new fanout board to allocate the detector was developed at the ING. All the Clocks and Bias pins of the fo ur detector independent quadrants are accessible fro mthe edge connectors of the fan-out board, thus allo wing the partial reading of arbitraryportions of the detector. In the present version the four quadrants of the detector are driven at the same time with a reading rate of 3 m secs/pixel, leading to a time o f 0.9 seconds for a complete frame readout.

T he SDSU controller co mmunicates with the control co mp uter through two optical fibers, receiving elementar yco mmands at 4 MHz and transmitting status and/or data at 50MHz. T he optical fibers link the master board at the SDSU controller with an I/O board, with a small buffering capability, plugged at the SBUS of the co mputer (SUN wor kstatio n).

Due to the ther mal dependence of the signal o ffset level of the detector, a temperature controller is required to achieve a spec. of a rms noise of less than 0.01e-. According to the experience of the Ingrid team 7 and other s (G. Finger, ESO, 1999, private co mmunicatio n) the required stability must be better than 0.005K. T he selected controller is the Lakeshore 340 and the sensors are Cerno x RT Ds b ythe same manufacturer. T his controller is also in charge o f maintaining a positive gradient between the detector and the cold finger for safetyduring the war m up cycles. It co mmunicates through optical fibers with the control co mputer using a standard RS232 protocol.

Initially Double Correlate (CD) and Multiple Non Destructive Reads (MNDR) are the only read out modes. Figure 6 shows that a number of eight reads in the MNDR mode will be enough to be background limited in the most demanding conditions.

Figure  6 .- Different sources of noise due to dark current, read out and backgro und

5.2 SENSITIVITY

Sensitivity curves have been wo rked out including the atmo spheric transmission and reflectivity o f the WHT  telescope.

Figure  7 .- Sensitivity cur ves for different bands and different observing modes

5.3 M ECHANISM  CONTROLLER

T he mechanisms co ntrol system is based on a VME system with a Motorola CPU card running VxWorks operating system
and two Oregon Micro Systems stepper motor controller boards, allowing a total number of twelve mo tors to be controlled,
each one of them with its o wn ho me, limits and po wer off signals. T he VME rack is 19" wide, 3U high, with five double
height slots. All signals are available on the backpanel. T he VME system is connected to the SUN through an Ethernet
network and an RS232 line. An additional 19" 3U rack with the motor drivers will be installed under the VME rack. T he
drivers will be purchased fro m the same manufacturer as the motors’.

6. SOFTWARE DESCRIPTION

T he LIRIS Software system is being designed to be fully integrated in the observer environment available at the WHT . A
commo n observer will have access to the follo wing so ftware packages (see Figure  8 ):

Instru ment Si mulator Software:  Given the source characteristics (expected brightness, extended or point source, sky
brightness) and an observing mode (imaging or spectroscopy, dithering or beam switching), a  LI RIS simulator will be used
to obtain the S/N ratio for a given integration time or viceversa. It will also provide the instrument configuration suitable to
carry out the desired observation, i.e. it will be able to generate the temp lates which can be interpreted b y the T emplate

Generator Software (described below).  It will  also  have access to who le sky standard catalogues (POSS, 2MASS, IRSKY)
in order to simulate what is included within the LIRIS aperture (it is especially important for background positions and
spectroscopic observations). T his co mponent may be accessed b y general observers at any place, as an HT ML application.

Templates Generator Software :  T his package will be used to define the LIRI S observing parameters. It will have a set  of
predefined  modes, called tem plates , adequate for the most co mmo n types of LIRIS observatio ns.  Each o f them will have a
number of configurable parameters (exposure time, detector reading mode, filter selection ,  etc). T his system will generate a
sequence o f co mmand s or scripts which can be interpreted any of the systems available at the Instr ument Support Platfor m.

Instru ment Support Platform User Interface : T his package will be the main observer GUI for LI RIS. It will provide the
support infrastructure required to operate the instrument ,. including facilities to set up exposure parameters, data acquisition
fro m the instrument detector, pointing the telescope, and also the executio n of LIRIS Observing T emplates.

LIRIS M echanism Control Software : T his system can receive co mmands fro m the I nstr ument Support Platfor m and
return status infor mation. It comprises the follo wing 2 subsystems:

LIRIS EP ICS M echanism Control Software : T his system is the responsible of the direct control of  the LI RIS
mechanisms  (filter, slit,  and grism wheels and detector focus). T his so ftware will r un on the VME EPICS rack.

Temperature Controller Software:  T his system will be used to control and monitor the detector temperature. ..

Real Time Display:  T his tool will be use to monitor the newly acquired images.  It will basically process and display them
using  Ximtool / SAOtng as  display device. T hese tools offer facilities to change color tables, zoom, several image frames.

It will also provide so me facilities: basic statistics, different  scaling of the representatio n, and additionally there will be a
seeing and background monitor.

 Quick Loo k Data Analysis : T his package will provide facilities for a quick analysis o f the recently acq uired  data. T his
should include facilities to perfor m sky subtraction, coaddition and alignment of images, extractio n of spectra, default
wavelength calibration. It will be based on existing astrono mical data analysis packages, like IRAF.

Pipeline Data Reduction:  T his package will be used to process blocks of images obtained through the LI RIS Observing

T emplates. It will receive notificatio ns of  available data blocks fro m the Instr ument Support Platform in order to start the
processing. T he follo wing steps will be done: detector effects remo val, flat-fielding, sky subtraction, coaddition and
alignment o f images. For spectroscop y there will be a default wavelength calibration.

Figure  8 .-LI RIS Observing Environment

Instru ment

Simulator

Template

Generator

Instru ment

Support

Platform

M echanisms

Control

Software

Data

Reduction

Pipeline

Telescope

Control/

Autoguider

Real Time

Display

Quick Loo k

Analysis

7. CURRENT STATUS

T he detailed optical design is finished (under contract b y UKAT C). T he fabrication of the optics is under way (b y JANOS

T echnology
                                                                  8

                                                                       ). Deliver y of the camera in March 2000 is expected. T he filters, grisms, wollastons and wave retarders  have
already been co ntracted, the expected deliver y will be during year 2000. An purpose-built opto mechanics test bench has
been designed.

T he conceptual  mechanical design is finished (under contract by UKAT C). T he detailed mechanical design is under way at
the I AC and expected to be finish b y May 2000. T he fabrication of mechanical parts has alread y started. An purpose-built
entrance wheel test bench has been designed and manufactured.

T wo options for the stepping motors are being considered: the Bergher-Lahr 5-phase modified for cr yogenic use, or the

Phytron 4 phase cr yo genic motors. Currently both motors are being tested. T he final decision will be taken depending on
their perfor mance

T he engineering grade detector has alread y arrived, and the science degree array is expected b y summer 2000. An purpose-
built detector test bench has been designed and manufactured. In collaboration with the INGRID Project T eam of the Isaac

Newton Group (ING) a first version of the Data Acq uisition So ftware (DAS) and the Real T ime Display (RT D) have been
developed.

T he Assembly, Integration and Verificatio n plan is under development and we will start assemb ling b y summer 2000. We
expect to have first light and co mmissio ning at the telescope in summer 2001.

For on-line infor mation about the LI RIS project our web site is http://www.iac.es/pro yect/LI RIS/.

8. ACKNOWLEDGEMENTS

An agreement has been established between the Instituto de Astrofísica de Canarias (IAC) and the Isaac Newto n Group

(ING) to develop a common system for the two infrared instruments ( LIRIS/I AC and INGRID/ING) that will be sharing the

Cassegrain focus of the WHT . Both instruments will inter face to the co mmo n user instr umentation control system o f the
telescope. We specially thank the INGRID Project T eam for their help. We thank D. Ives, T . Purkins and S. Ramsay (UK-

AT C), G. Finger (ESO), and P. Bizenberger (MPIA) for their stimulating discussio n and valuable advice. We thank P.

Cobos (UNAM), R. Lenzer (MPIA), U. Käufl (ESO), K. Dee (ING), T . Gregory (NOT ), E. Cadavid (IAC) and L. Cavaller

(GT C) for their participation as external reviewers.

9. REFERENCES

1.  A. Manchado, F.J. Fuentes, F. Prada, et al, 1998, "LIRIS: a Lo ng-slit Inter mediate Resolutio n Infrared Spectrograph for

                         the WHT~ , SPIE , 3354, 448.

2.  http://www.rockwell.co m

3.  http://mintaka.sdsu.edu/ccdlab/LabMain. html

4.  P. Moore, 1999, ^ SDSU Interface Control Document. V2.1~ , Isaac Newton Group Red I maging Detector, ING.

5.  http://ing.iac.es

6.  http://ing.iac.es/IR/INGRID/ingrid1_ho me.htm

7.  P. Moore, Jan 2000, ^ Summary of Detector Stage 2 T esting ^  (Draft), Isaac Newton Group Red I maging Detector, ING.

8.  http://www.janostech.co m.