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OCTOCAM is a multi-channel imager and spectrograph thatbessn proposed for the 10.4m
Gran Telescopio Canarias (GTC) telescope as a next garemasitrument. OCTOCAM will be
based on dichroics to split the incoming light to producetdiemeous observations in 8 different
bands, ranging from the ultraviolet to the near-infraretie Tmaging mode will have a field of
viewof 2 x2'inu, g, 1,1, z J, H andKs bands, whereas the long-slit spectroscopic mode will
cover the complete range from 4000 to 23000 A with a resaiudior 00 - 1700 (depending on the
arm and slit width). An additional mode, using an image sjiedl provide a spectral resolution
of over 3000. As a further feature, it will use state of thedatiectors to reach high readout speeds
of the order of tens of milliseconds. In this way, OCTOCAM Mié occupying a region of the
time resolution - spectral resolution - spectral coveraggram that is not covered by a single
instrument in any other observatory, with an exceptionasiiwity.
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1. Introduction

OCTOCAM has been thought as a workhorse instrument thaniges the use of Gran Tele-
scopio Canarias (GTC) for broad-band single-target olgiens both in imaging and spectroscopy.
The GTC, is a 10.4m telescope with a segmented primary miftas located in one of the top
astronomical sites in the Northern Hemisphere: the Obtmivadel Roque de los Muchachos
(ORM, La Palma, Canary Islands). The GTC is a Spanish iviédiy the Instituto de Astrofisica
de Canarias (IAC). GTC has started its scientific operatioased on the OSIRIS instrument
[Cepa 2010].

The next generation OCTOCAM instrument is based on the ubgbfefficiency dichroics to
divide the light into eight different arms, one ultravigléur optical and three near-infrared. As
compared with other instruments it has the advantage oflneity, as it is capable of observing
at the same time i, g, 1, i, z J, H andKg bands, while keeping a field of view of  2', which
is enough for most science cases. With its spectroscopiceeritad capable of obtaining a full
spectrum from 4000 to 23000 Angstroms in a single shot. Usiagdard long slit observations,
OCTOCAM will provide spectral resolutions that will varyoim 700 to 1700, depending on the
selected slit width. Using an image slicer that divides @aaf 3 x 1.5” into 5 slices of 8 x 0.3”,
it will reach resolutions of over 3000. Furthermore, thattkk¢he use of state of the art detectors,
it will be able to reach high readout speeds, covering seieases aimed at high time-resolution.
Depending on the detector of each arm, we expect full frarteegpeeds ranging from 17 to 76
Hz, which will be even higher for windowing modes. This wilsa mean that OCTOCAM will
virtually eliminate dead times in most observing modesveithg duty cycles of roughly 100%.

Fig. 1 shows OCTOCAM in the resolution vs. wavelength cogerdiagram as compared to
the instrument suite of GTC. It is important to note that timudtaneity of the complete range is
only available with OCTOCAM. This factor has proved to be ofa scientific interest at ESO,
where X-shooter (mounted on one of the 8.2m VLT unit telessphas become the most re-
guested instrument at VLT on its first period at the telescop®ur case, with a larger collecting
area, higher efficiency and slightly lower resolution wel @ able to observe objects up to two
magnitudes fainter than X-shooter.

2. Theinstrument

OCTOCAM is divided into three subsystems: the ultravioket §UV), the visible arms (VIS)
and the near-infrared arms (NIR) as schematically shownign Z The first dichroic divides
the incoming beam, letting through the VIS and NIR light, iwhieflecting the light below 4000
A towards the UV arm, which has only imaging capabilities aodcollimated beam. The rest
of the light continues into the cryostat through the firstaaw. The light is focused inside the
cryostat, where a cold slit wheel can select one of the varauailable slits, an image slicer, or
allow free path for imaging purposes. Behind the focal pldhe light is again divided into NIR
and VIS. The NIR light is collimated by a set of mirrors andrtliivided into the 3 channeld,(H,
Ks) by further dichroics. The light goes through the filters dss (depending on the observing
mode) and is then focused by three camera lens systems dfaémgign. After being reflected
by the second dichroic, the VIS light exits the cryostat tigio the second window. The light is
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Figure1l: Resolution vs. wavelength coverage diagram showing OCTR@Athe context of the instru-
ment suite of GTC. OCTOCAM will be occupying a region of theéi resolution - spectral resolution -
spectral coverage diagram which is not covered by a singteuiment in any other observatory.

collimated through several lenses and divided into theY68rarms @, r, i, 2) by further dichroics.
The light goes through the filters or grisms and is then refedwn the detectors by each of the
camera systems. In Fig. 2, theandg arms are drawn in greater detail to show thatuHsand has
only focal reductor optics and no collimator while the g halimator, grism/filter and camera.
The rest of the amg (i, z J, H, Kg) are equivalent tg. Some of the most important constraints
governing the instrument design were the size and weighhea®lded Cassegrain focus accepts
a maximum of 1000 kg. In order to achieve this goal the optiesavkept as small as possible and
the optical path was folded using mirrors in order to redineedize of the mechanical elements,
and in particular the size of the cryogenic vessel. The tieguinstrument has a total combined
weight of 980kg (including contingencies), just below thmit of the folded Cassegrain focus of
GTC. In next following subsections we give further detaitstioe characteristics of the design.

2.1 Optical design

In this section we give details on the preliminary opticadiga that is foreseen for each of the
subsystems of OCTOCAM .

2.1.1 Ultra-violet UV arm

The UV arm has a simple design that allows high efficiency bggusnly UV-transmitting
materials, like CaF2 and Silica. No collimated beams aratetkwithin the optical path, because
the UV arm will be used only in imaging mode and placed befoed¢lescope focal plane. Folding
was necessary to fit the UV arm within the given volume (see 8ig



OCTOCAM: A multi-channel imager and spectrograph to exptbe transient Universe

Table 1: Main characteristics of OCTOCAM.

OCTOCAM specifications

Imaging simultaneous spectral range From 0.33 to 2.3um (u,g,r,z.J,H andKy)
Spectroscopic simultaneous spectral range From 0.4 to 2.3um
Field of view 2 x2
UV Detector One Xk x 1k, optimized foru band
Optical Detectors Four X x 2k, for theg,r,i, andz-band arms
Near-infrared Detectors Three Xk x 2k HAWAII-2RG, for the J, H andKs-band arms
Spectral resolution 700 - 1700 (depending on the slit width)
~3000 with image slicer
Maximum full-frame readout rate u~ 17 Hz,griz ~ 40 Hz,JHKs ~ 76 Hz
GTC Focus Folded Cassegrain
Observing modes High-time resolution imaging
Standard imaging
High-time resolution spectroscopy
Standard spectroscopy
Image slicer spectroscopy 5 slices §f:650.3”

image Cryostat
camera A slicer

Light
from ‘ Ks
telescope

g H

Grism/filter camera

Figure2: Schematic view of the instrument

2.1.2 VisbleVISarm

The VIS arm consists of four channels. After the second dichplaced inside the cryostat,
light from 4000 to 10000 Angstroms exits the cryogenic veseugh a flat window. The inci-
dence angle is around 30 degrees to make the design of th&tatrgampler. Collimator optics are
based on three doublets, with spherical surfaces and SmhGthara glasses selected from those
ones available in relatively large glass blanks with goothbgeneity. The first element is about
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Figure 3: Left panel: Optical design of the UV arm within the allocated space fer ithstrument.Right
panel: Optical design of the VIS arms

220 mm in diameter, while the other two doublets are <150 mrdicAroic has been placed after
the first element of the collimator optics, working in nealliotated beams. Then, folding mirrors
have been used to fit the overall instrument layout in thergisdume. The cameras are based on 7
lenses split into 4 groups. One aspherical surface has leluido control image quality. All lens
diameters are smaller than 80 mm. VPH grisms can be insditerddachroics and folding mirrors,
just in front to the camera lenses. Cameras are located kg/ipdivo planes, making VPH grisms
mountable by pairs on common grism wheels (see right parf€igof3).

2.1.3 Near-infrared NIR arm

A three-mirror off-axis collimator creates a 50 mm pupil gpeaof the telescope entrance. Two
mirrors are off-axis portions of aspheres, while the corsepond mirror is a spherical one, making
it simpler to be manufactured and aligned. The layout is arhim order to reduce size and weight
of the optics and the related vacuum cryogenic chamber (geedl. Collimator mirrors can be
gold coated to enhance efficiency. The largest optics arer280n diameter. A flat folding mirror
reflects the beam towards two other dichroics working in #mated beam, where light is split
into three different channels. Dichroics are used at aivelgtlow incidence angle of 30 degrees.
Their size is about 90 mm. The pupil image is focused onto thtace of the last dichroic, to
allow a cold mask to be placed before tgband channel, which helps to control stray light.With
the help of four flat folding mirrors, light from the dichraids delivered to three identical cameras,
placed at 120 degrees with respect to each other. Such aecaltdevs a simple rotating wheel
as exchange mechanism for the filter/grism unit. MoreoveNER detectors lie near each other,
making cooling simpler and improving stability. The F/2&8weras are based on 6 lenses, with only
spherical surfaces, made in standard infrared materia@d&ZCS-FTM16 and Silica), delivering
good image quality with high efficiency-82%). Lens diameters are smaller than 100 mm, for an
overall weight of 2 Kg. The last mirror, feeding th@-band camera, will have tip-tilt capability
in order to perform dithering. This allows to correct for tiedatively fast varying sky contribution
in the Ks-band while obtaining longer exposures in the other bandbowt the need to move the
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Figure4: Optical design of the NIR arm

telescope. Thanks to the compact design, all VPH grisms #edsfcan be mounted on a single
motorized wheel, simplifying the overall design and redgoiveight.

2.1.4 Imagedicer

In order to achieve the science requirement of higher splagsolution we have designed an
image slicer that will divide an area of % 1.5” on the focal plane into 5 slices 0f>50.3” that
will form a virtual slit. With these narrower slits we can obasignificantly higher resolutions, of
~ 3000. The image slicer will cut the field of view into 5 stripghich will be reimaged along a
pseudo-slit at the spectrograph entrance. The centraldties not include any dioptre, as the light
is directly transmitted to the spectrograph. Only the fatedal sliced fields are reflected towards
the spherical mirrors and re-aligned in order to form théueir slit.

2.2 Mechanical design

The instrument is divided into four main mechanical subasg units, as shown in Fig 5 left
panel. The main structure has been designed and optimibegl aisvelded steel truss. We impose
as a requirement that it must be possible to disassemble aatiseparately. Low weight and
stiffness are the other design drivers.The UV arm is congposavo subassemblies, UV Box-1 and
UV Box-2, mounted directly onto the main structure. Thisfoguration helps with the integration
of the whole OCTOCAM before mounting it on to the telescop&. Bbx-1 contains the folding
mirror 1 and the first lens. UV Box-2 holds the folding mirr@snd 3 and the focal reducer. The
overall structure is designed to work as an optical bencle, tabkeep the optical elements within
the requirements under all the allowed orientations ofdifieeld Cassegrain station.The VIS optical
elements are mounted onto a single optical bench directhd fonto the main structure via three
referencing spherolinders. The optical elements will beimed using traditional optomechanical
designs, i.e. camera barrels for the lenses and kinematiatings for the mirrors. Particular effort
will be made for the design of the filter/grating wheel in artte cope with the reduced available
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Figure5: left panel: Mechanical design of OCTOCANRight panel:Cryogenic vessel of OCTOCAM.

space. The detector system is designed to reduce weightodunde. There will be two cryostats
for the VIS arm. Each cryostat will house two adjacent detsctVibrationless helium cryocoolers
will be used in order to reduce the weight.

The NIR arm has been designed to be directly mounted onto #ire structure. The vacuum
vessel and the thermal shield hold all the optomechanieatehts together. The mechanical layout
is composed of two main parallel benches connected by fais (see Fig. 5 right panel). The
vacuum vessel will have two windows. The main entrance windeflects the UV wavelengths to
the UV arm and a secondary window feeds the VIS arm. The fdaakpwill be populated through
a cold slit wheel that positions the slits or the image slidére VIS dichroic will be fixed directly
to the upper bench. The collimator will be separately madiiated pre-aligned in a dedicated sub-
structure. The mirrors will be connected to the upper behobugh cryogenic mountings. There
will be a cryogenic wheel in order to swap gratings and filt@itse focal reducer will be fixed onto
the lower bench. The detectors will be fixed onto a separate glrectly linked to the cold finger.

2.3 Detectors

The eight cameraau(g,r,i,zJ,H,Ks) will belong to only three technology groups (i.e. three
types of detectors, for UV, VIS and NIR, respectively).Thetiument design requires & % 1k
detector with the highest possible sensitivity in thdand. Our primary choice here is e2v's
CCD201-20 EMCCD detector, specifically due to the avaitgbidf a commercial camera (Andor
iXon+ 888) based on this deviteThis camera allows 2 2 binning readouts in 57ms, with neg-
ligible readout noise thanks to the electron multiplyingalaility. For the VIS arms we have the
widest range of available options. In this case we requiteast X x 1k detectors in order to per-
form spectroscopy. Our choice is thke:2 2k CCD231-42 from 2%, which we will use as frame
transfer device. In its highest speed it will allow us to relael central k x 1k (in binning 2x 2
for imaging) in 27 ms. This implies a readout noise of £1.5~vhich can go down toe in the
slowest readout mode (reading in 1.32 s). The IR technolbgjce is relatively straightforward as

Iht t p: // www. andor . cont pdf s/ specs/ L888SS. pdf
2http: // www. e2v. com
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the available choices are much more limited. We plan to usé&lWVAII-2RG from Teledyne Sci-
entific Imaging together with the SIDECAR ROIC (Read-Outfrated-Circuit). The SIDECAR

is a cryogenic readout circuit, effectively a controller-a-chip for HXRG detectors, connected to
the focal plane array via a flexible ribbon. This represeritage reduction in mass/power/volume,
and the elimination of an entire R & D element from the prajddiis device will allow a readout
speed of 6.5ms with a readout noise o&75gradually going down to 265 ms and a readout noise
of 15e~.

3. Expected performance

A preliminary, conservative efficiency budget has been mamesidering the transmission
efficiency of each of the optical elements in the instrumegether with the grisms and detectors.
Fig. 6 shows the expected efficiencies in both imaging andtsgeopic modes.

Using these estimates, together with the telescope meflactivity and the absorption of the
atmosphere we have built an instrument performance siorulaith which we have derived the
limiting magnitudes shown in Fig. 6 for some representatixgosure times.

4. Sciencewith OCTOCAM

Multiband observations over a wide wavelength range angimed, for the study of most astro-
physical phenomena, making the science cases of OCTOCAWvagied. Having, on top of this,
high-time-resolution capabilities opens the door to ahierrtrange of scientific possibilities. Here
we make a rough summary of some of the science cases thateyilbssible to undertake with
OCTOCAM, from the nearby solar system bodies, to the futtbbgects in the Universe.

e Asteroseismology: The 8-band simultaneous coverage willded to detect color variation
phases as a function of the observed wavelength.

e Blazars: High time resolution of the order of one second amsitivities of mmag will be
needed to construct the spectral evolution light curvesaoé$l that are powerful discrimina-
tors of the underlying physical models.

e Cataclysmic variables: Through time-resolved, high-geitg observations we will be able
to derive the mass of the two components, being able to detertine Spectral Energy Dis-
tribution of the accretion disk and the characteristicshefsecondary star. OCTOCAM wiill
also allow the detailed investigation of the nature of sdescale fluctuations.

e Extrasolar planets: OCTOCAM will be used to observe transitextrasolar planets. High-
timing-accuracy and sensitivity will allow the detectiondacharacterization of planets with
both imaging and spectroscopy.

e Gamma-ray bursts: Thanks to the simultaneity of the obsienawith 8 arms and the ca-
pacity to do both imaging and spectroscopy, OCTOCAM will be perfect tool to identify
and measure redshifts of the furthest objects in the Ureyexbowing to measure them up
to redshifts ofz= 18. Furthermore, the high-time-resolution will allow thedy of these
events which are known to have variability of millisecondwunparalleled accuracy.
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Figure 6: Left panel: Efficiency of the instrumentRight panel: Spectroscopic (S/N=10) and imaging
(S/N=3) limiting magnitudes for OCTOCAM. A power law spaait F, ~ v—1, seeing of 0.8, an airmass
of 1.2, a slit width of 1.0 (for spectroscopy) and 3 days from the new Moon were assumed.

e Magnetars: With the simultaneous observation of the ophitR bands and its sensitivity it
will constrain the spectral energy distribution of faintgnatars. For bright cases we will be
able to obtain spectroscopy and time-resolved analysisuwon§ episodes.

e Solar system: Multiband high-time-resolution can be useabiserve stellar occultations by
planets and other solar system objects will give us an imsigheir morphological properties
and composition.

e Supernovae: Simultaneous coverage in 8 bands will alloleviolp of a large number of
events with better efficiency and sensitivity than ever efolrhe NIR channels will also
allow the estimation of the fraction of hidden (opticallytieguished) star formation rate.

e Survey transients: The large number of forthcoming surweifisdetect many transient
sources of varied and sometimes unknown origin. OCTOCAMelone of the most effi-
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cient tools for characterizing those sources thanks to itirange coverage and sensitivity.

e X-ray binaries: OCTOCAM will allow the study of jet physicy lbbserving the variability
in time scales of 10-100 ms and to understand the geometryhanequation of state of
neutron stars.

5. Conclusions

OCTOCAM is a workhorse instrument for the GTC, with imagingapectroscopic capa-
bilities. It will provide a wide-wavelength coverage anglitime-resolution, fulfilling the needs
of a very wide range of scientific projects and, with its uqeharacteristics, open a window
to new lines of research. It will cover studies within the &8oBystem, where it will observe
asteroids and comets to allow a better understanding af thigieralogical history. Within the
boundaries of our Galaxy, OCTOCAM will be used to detect anaracterize exoplanets, study
diverse stellar populations or understand the extremeighg$ X-ray binaries. Thanks to the large
collecting area of GTC and the sensitivity of the instruménivill be also used to study distant
galaxies and gamma-ray bursts, the furthermost objececiddiie in the Universe that will teach
us about our cosmological origin. In order to achieve thesensific goals we have conceived
an instrument capable of observing simultaneously in 8 $afitdm the ultraviolet to the near-
infrared to multiply the power of what is already the larges¢scope in the world. It will do both
imaging and spectroscopy in low and medium spectral-résolunodes. Furthermore, using new
detector technologies we go one step further offering tlads=ady unique capabilities together
with high-time-resolution. In this way we merge togethetQ@TOCAM the experience of in-
struments like X-shooter [D’Odorico et al. 2006], GROND gBrer et al. 2008] and ULTRACAM
[Dhilon et al. 2007] to create a versatile tool for astroncahiobservations. The study presented
here shows that it is feasible to build OCTOCAM, meeting thiergific and technical require-
ments, while keeping within the mass, torque and volumetcainss of the Folded Cassegrain
focus of GTC.
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