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Change Record

Version Date Section affected | Comment

111.0 | 25/08/2022 | — Initial release for P111

111.1 | 24/01/2023 | 2.4.1.1 Updated readout noise values (NIX)
2.4.1.3 Added recommendation for jitter box size
2.5.6.1 Updated readout noise values (SPIFFIER)
3.4 Added offsets between SPIFFIER FoVs
4.2.3.1 PA of North for APP observations
4.3.1.2 Updated bright limits for IFS
6.4 Instrument overheads updated
7.1.2 PA of North for APP, FPC, SAM observations
7.2 Telescope guide star now mandatory
7.3 Revised SPIFFIER acquisition procedure
7.4.2 Changed DETECTOR offset convention
7.7.1 Added information about telluric standards

112.0 | 28/02/2023 | 2.4.1.2 Modification to windows, added figure
3.2 Non-sidereal and differential tracking
3.3 Seeing enhancer mode
3.5.3 Updated with new NIX modes
4.2.3.1 Updated peak intensities of the APP PSF
4.2.3.2 Added information for SAM
4.3.1.1 Added restriction on NDIT's for long DIT
4.3.2 Updated SPIFFIER line profiles
5.1, 5.2 New modes offered in P112
5.5,6.2, 7.1.1 New NGS and LGS limiting magnitudes
6.4 New and updated overhead estimates
7.2.1 New section describing P2 for non-sidereal and differential tracking
7.3 Updated acquisition positions
7.8.2.1 New IFS templates
7.8.2.2 New NIX templates

112.1 | 30/06/2023 | 4.2.1.3 Updated bright limit table
4.2.14 Added description of file transfer overheads
4.2.3.1 Added recommendation for unsaturated APP calibration
4.2.3.2 Added rotator angle for SAM observations
5.5 Reduced maximum off-axis limit to 59%
6.5.2 Updates to calibration plan
7.1.2 Added recommendation for unsaturated APP calibration
7.2.1 Further details for P2 for non-sidereal acquisitions
7.9.2.2 Added recommendation for unsaturated APP calibration
7.10 Added OB naming rules

113.0 | 25/08/2023 | 3 Added new modes offered in P113
3.5.3 Added new modes offered in P113
4.2.1.2 Reduced maximum number of NDITs allowed in cube mode
4.2.1.3 Added more information about saturation with up-the-ramp sampling
4.2.3.3 Added information about NIX FPC
4.2.34 Added information about NIX LSS
4.3.1.2 Added more information about saturation with up-the-ramp sampling
5.1 Added new modes offered in P113
5.5 Added coherence time to table of constraints
5.6.9 Added faint limit for NIX FPC observations
6.5.2 Reduced the number of standards observed at start of operations with NIX
6.5.3 Added NIX LSS telluric standards
7.1.2 Added notes for NIX FPC and LSS observations
7.3 Added NIX FPC, LSS acquisition positions
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7.5
7.7.3
7.8
7.8.2.2
7.9.2.3

Updated blind offset section

Added placeholder for NIX LSS telluric standards
Added NIX LSS telluric standards

Added example templates for NIX FPC and LSS
Added NIX LSS telluric standards
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1 Introduction

1.1 Scope

The ERIS User Manual provides comprehensive information about the technical characteristics of the instru-
ment, the observations procedures and the reduction of ERIS data. The intended audience is Paranal sta
who are new to ERIS and will be supporting observations, and also the science users in the community. This
is a draft version presented for PAE and is based on the ERIS OCD as well as the SINFONI and NACO user
manuals.

In addition to this User Manual, complementary information about ERIS will also be provided on the ERIS
webpage athttp://www.eso.org/sci/facilities/paranal/instruments/eris/ which you are invited to
visit regularly for any last-minute updates.

1.2 Contents of this Manual

This document gives an overview of the ERIS instrument and its subsystems. Necessary information will be
provided for observation planning and performing observations with ERIS. Additional details will be given
on the instrument software and on the operation modes o ered during the corresponding period including
example observing runs for guidance.

1.3 Latest news and Changes

1.4 Reference Documents

Document Number Document Title Issue Date
RD1 | ESO-476948 ERIS Calibration Plan 111.0 25/08/2022
RD2 | ESO-476499 ERIS Template Manual 111.1 14/12/2022

1.5 Abbreviations and Acronyms

ALGSF 4 Laser Guide Star Facility (a sub-system of the AOF)
ADI Angular Di erential Imaging
AGPM Annular Groove Phase Mask
AO Adaptive Optics

AOF Adaptive Optics Facility

APP Apodizing Phase Plate

CcuU Calibration Unit

DL Di raction Limit

DSM Deformable Secondary Mirror
ESO European Southern Observatory
FPC Focal Plane Coronagraphy

IFU integral Field Unit

LSS Long Slit Spectroscopy

PAE Preliminary Acceptance Europe
SAM Sparse Aperture Mask(ing)

SF Spatial Filter

SPARTA Standard Platform for Adaptive Optics Real Time Applications
uT Unit Telescope

VC Vortex Coronagraph

VLT Very Large Telescope

WES WaveFront Sensor

ERIS, NACO, SINFONI, NIX, SPIFFI, SPIFFIER, XSHOOTER, VISIR, and SPHERE are names of
instruments or cameras.
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2 Technical Instrument description

2.1 Instrument Overview

ERIS is a Cassegrain instrument that will take over the fundamental adaptive optics capabilities at the VLT
previously provided by NACO and SINFONI (and operationally has many similarities to those instruments).
ERIS instrument has two science cameras; SPIFFIER, an integral eld spectrograph covering J to K bands,
and NIX, an imager covering J to M bands.

During science operations, users will select either ERIS-NIX or ERIS-SPIFFIER for their observations.
ERIS is mounted on UT4 and makes use of the AOF: any one of the four lasers in the 4LGSF can be used
to generate a LGS when required (but only one laser at the time), the real-time computer uses SPARTA, and
the wavefront correction is done by the DSM.

Figure 1: Overview of ERIS as it will appear when mounted on the Cassegrain focus of the UT. The main
sub-systems are labeled: the central structure with the LGS and NGS WFS, the NIX imager, the upgraded
IFU SPIFFIER, the Calibration Unit, and the Electronics.

As shown in Figure 1, ERIS comprises several distinct sub-systems:

The central structure  mounts to the Cassegrain adaptor/rotator. The structure contains the warm
relay optics and an optical/infrared dichroic that re ects the visible light to the two wavefront sensors
while transmitting the infrared light to either SPIFFIER or NIX. There are two switchable fold mirrors.
One of them is used to select either telescope or calibration unit beam (for internal calibrations). The
other mirror re ects the incoming beam to either SPIFFIER or NIX, noting that the instruments cannot

be used simultaneously. This sub-system also houses a shutter that blocks the surrounding light during
internal calibrations.

" The Adaptive Optics (AO) system provides corrected wavefronts in the J-M bands to NIX and
SPIFFIER using the AOF. Its components are housed in the central structure.

" The NIX imager is a replacement for NACO. It provides di raction limited imaging from J- to M-band
over a eld of up to 1 arcmin, as well as high contrast capabilities with coronagraphs and sparse aperture
masks. It also includes a long-slit spectroscopic mode, covering L-band at a resolution of FB00.
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" SPIFFIER is an upgrade and refurbishment of SPIFFI, which was the IFU spectrometer of SINFONI.
This subsystem provides integral eld spectroscopy, with selectable pixel scale on the sky (25, 100, or
250mas) and spectral resolution (J, H, K bands or subsets thereof at R5000 and 10000 respectively).

" The Calibration Unit (CU) provides various internal sources up to 2.5 m for daily calibrations and
technical activities. Long wavelength (L & M band) calibrations with NIX are performed exclusively
on-sky.

2.2 Adaptive Optics System

The AO module of ERIS provides two main adaptive modes:

1. NGS mode with on/o axis reference star. The search eld for the NGS WFS reference star is a radius
of 5&° The NGS WFS patrols this FoV by using translation stages in conjunction with a periscope arm.
The maximum Zenith distance is 70 degrees.

2. LGS mode with on axis LGS and o axis NGS for tip tilt sensing and truth sensing. The LGS WFS is
xed on axis and translates along the optical axis to accommodate for LGS source focus variable position
at di erent Zenith pointing. The maximum Zenith angles is 60 degrees.

The AO module developed for the ERIS instrument is part of the warm optics, which comprises the relay
optics from telescope input beam and the two AO WFSs for LGS and NGS respectively.

2.2.1 Warm Optics

Figure 2: A sketch of the optical path and elements of the warm optics (in black) used to provide IR and VIS
light to scienti c instruments (NIX, SPIFFIER) and to the AO module. Left: con guration for SPIFFIER
operation, right: con guration for NIX operation.

The warm optics feeds the light from the telescope to the AO WFSs. A sketch of the warm optics ar-
rangement and components is shown in Figure 2 where the optical relay con guration for NIX and SPIFFIER
observations are reported. The main optical components of the relay include: (a) a 45 degree tilted dichroic
separating VIS and NIR light, sending the rst to the WFS and the second towards the science instruments;
(b) a retractable mirror that is deployed to feed the NIR light to the camera NIX; (c) a notch Iter transmit-
ting Sodium Laser light to the LGS WFS and re ecting other visible wavelengths to NGS WFS. In addition
a cold window facing part (a) is introduced to reduce background light injected in the science instruments. A
detailed picture of the warm optics showing all optomechanical components is reported in Figure 3.

2.2.2 NGS WFS

The NGS WFS is a con gurable Shack-Hartmann sensor with 40x40 subapertures for high-order correction,
and 5x5 subapertures for low-order & truth sensing for LGS operation. The two con gurations respectively
referred as HO WFS and LO WFS and are achieved by exchanging two lenslets arrays using a translation
stage. The main characteristics of the two SH con gurations are reported in the following table.
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Figure 3: The arrangement of the AO module warm optics. Left: the optical components, right: the optome-
chanical arrangement as mounted on the ERIS optical plate. The gure shows the two ERIS WFSs, the NGS

WES (left) and the LGS WFS (right).

Figure 4: The optical layout of the NGS WFS. Left: optical path from VIS/NIR dichroic, right: zooming into
the upper part of the left gure illustrating the optical path from the pupil image to the nal spots pattern.

NGS SH sensor Pixel scale Pixel per
- FoV (arcsec) :
main parameters (arcsec/pixel) subaperture
HO conf. 25 0.41 6Xx6
LO conf. 25 0.21 12x12

The optical layout of the SH WFS path is reported in the Figure 4. In addition, the NGS WFS features an
acquisition camera that uses light below 600 nm re ected o -plane by the rst folding mirror located after the
optical rotator prism. The acquisition camera has a FoV of 15 arcsec and a pixel scale of 0.19 arcsec (when
binned by 20 pixels). As labeled in the optical layout the NGS WFS is equipped with:

1. a reimaging lens and periscopic optics that allows to search a radius of %%y rotating the periscope
and translating the WFS stages.

2. a derotator used in eld tracking mode. It is an optical prism derotator which keeps the pupil image
xed on the CCD.

3. a pupil positioning mirror which keeps the pupil aligned on the SH. It can move the pupil by 8
subapertures on the array.
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4. an atmospheric dispersion corrector made up of two equal double prisms that compensate for atmospheric
dispersion in the range 0-70 deg.

5. a 1:1 reimaging system made up of two equal lenses that create the nal image of the spot pattern onto
the CCD.

2.23 LGS WFS

Figure 5: The optical layout of the LGS WFS.

The LGS WFS is a SH sensor with 40x40 subapertures. The main characteristics of the SH con guration
are reported in the following table.

LGS SH sensor Pixel scale Pixel per
- FoV (arcsec) :
main parameters (arcsec/pixel) subaperture
5.0 0.83 6x6

The optical layout of the LGS SH sensor is reported in Figure 5. The LGS WFS does not have an acquisition
camera so the reference spot is placed in the center of the FoV by using the 4LGSF acquisition camera.

As labeled in the optical layout the LGS WFS is equipped with: (1) an optical prism rotator to keep the
pupil image xed on the CCD pixel grid while the Cassegrain rotator is moving for eld derotation (2) a pupil
positioning mirror located close to the focal plane to adjust the pupil image on the SH lenslet array in the
range of 8 subapertures.
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2.3 Calibration Unit

Figure 6: CUMB main components and devices.

The Calibration Unit (CU) is a subsystem of ERIS that provides calibration capabilities for the ERIS
instruments (NIX, SPIFFI and AO WFS). It is composed of two separate units.

The rst unit, the Calibration Unit Main Bench (CUMB), is optically and mechanically interfaced with
ERIS optical plate, the main components can be seen in Figure 6. It is equipped with an objective transmitting
from visible to 2.5 m that operates with a magni cation of 1:1.296 in order to project point sources of various
sizes onto the Cassegrain focal plane and to deliver a projected virtual position of the pupil that coincides
with the telescope secondary mirror. Alternatively, the integrating sphere selector mirror (ISSM) is inserted
in the beam to deliver spatially uniform illumination. The second unit, the Calibration Unit Fiber Switchyard
(CUFS), is hosted inside one of the ERIS cabinets and interfaced to the CU only. It hosts light sources for
at eld capabilities and pinhole mask sources.

The CU includes a selection of light sources: (1) a Quartz-Tungsten Halogen lamp (QTH), (2) four pencil-ray
lamps (Ne, Xe, Kr, Ar), (3) a Laser Driven Light Source (LDLS). The QTH lamp provides at elding capabil-
ities during day-time, and covers all possible con gurations of SPIFFIER, as well as standard narrow/broad
imaging with NIX from J to K bands. In L and M bands, atelding is performed during night-time and
on-sky as part of the standard calibration plan. Pre-de ned combinations of pencil-ray lamps are used for
SPIFFIER wavelength calibrations depending on the instrument con guration. These lamps are all used with
the integrating sphere.

The LDLS serves di erent purposes with a selected pattern of masks placed onto the back focal plane of
the objective, which is used to generate arti cial optical/infrared point and extended sources and the backlit
three-slit. There are two mechanisms associated with the con guration: one allowing adjustment along the
beam for focusing purposes and other lateral adjustment, i.e. position on the NIX/SPIFFIER detector. The
three-slit con guration is exclusively used for distortion correction with SPIFFIER. Other options are only
available for technical day-time activities.

This is the only con guration of the CU in which the beam passes through a xed pupil which imitates
the secondary mirror of the telescope and the spiders. An arti cial point source is used, in this case, for the
internal alignment of ERIS subsystems. Positioning of a variable neutral density (ND) lter allows adjusting
light levels in the instrument software within the range of 12 magnitudes.
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24 NIX

Figure 7: NIX mechanism layout.

The NIX imager provides di raction-limited observing capabilities from 1-5 microns, with a range of high
contrast observing modes. Full details of the ERIS observing modes are given in Section 3 of the document.
This section provides a brief overview of the optical layout to explain the aspects of the design that are relevant
to the astronomer.

The primary elements of NIX are indicated in Figure 7. As is described in Section 2.2.1 light from the ERIS
warm optics is directed into NIX by the NIX selector mirror. The light passes through the aperture window
into the cryostat of NIX, indicated by the blue region in the gure. Nearly all components and mechanisms
inside the cryostat are cooled to 75K to limit thermal background radiation; the detector is the only item
cooled further to  35K.

The aperture wheel houses various eld masks that are used depending on the observing mode. The
aperture wheel has eight possible slots, including a blank position, and is driven by stepper motors providing
high positional repeatability of order 50 microns. The design and performance of the other wheels is very
similar. Its position will be set automatically for a given observing mode.

The next mechanism is the camera wheel, which contains three di erent camera barrels. Two are optimised
for the shorter wavelengths (J, H and K), providing spatial scales of 13 mas/pix or 27 mas/pix. The third
camera barrel is for the longer wavelengths (L and M) delivering 13 mas/pix.

The Iter wheel and the pupil wheel are identical mechanisms housed within a single unit. Both wheels
can house up to 20 elements that can be combined in various ways for the di erent science cases. As its name
suggests the Iter wheel houses all the optical lters { more details of which are given in Section 3.5. The
pupil wheel contains a mixture of di erent elements that include pupil masks, but also a grism and additional
Ilters.

The image selector has four positions one for each of the two eld sizes, and one to allow the pupil to be
imaged. There are also several blocking positions for this mechanism to fully prevent light reaching to detector.
This con guration is either used to instrumental dark frames for calibration or to minimize persistence issues
during instrument setup.

Finally, the detector focus stage is used to adjust internal focus of NIX detector. It is left in a static
con guration for all observing modes (only for technical pupil imaging is a di erent internal focus position
used). In noAO modes, pre-de ned best focus o sets are sent to DSM.

2.4.1 Detector

2.4.1.1 Characteristics NIX is equipped with a science grade Teledyne Hawaii 2RG detector (2Kx2K).
The characteristics of detector are summarized in Table 3. Two readout modes are supported:

~ In slow mode, up the ramp (UTR) readout scheme is used as in SPIFFIER. The readnoise as a function
of DIT is shown in Figure 8.

In fast mode, an uncorrelated readout scheme is used. The purpose of this mode is either high background
observations in L and M bands or special observing modes requiring fast data acquisition (without special
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timing requirements).

In fast mode, raw images have 10-11k ADU bias level which varies depending on the channels for the
most part. This subtracts out well, and is only noted here to avoid confusion.

Operating Temperature 35K
Pixel size 18 microns
Dark Current 0.1 e-/s
Well Depth 85k e-
Slow Mode SLOW_GR_UTR
Detector Gain 5.2 e-/ADU
Readout Noise 17 e- (29)

9 e- (605)

12 e- (6005s)
Minimum DIT 1.97 s ( windowh

1.39s windowl)
1.19s window2
0.79s (window3,4,5)

Non-linearity 3% (@ 5k ADU)
Fast Mode FAST_UNCORR

Detector Gain 2.6 e-/ADU
Readout Noise 50 e-

Minimum DIT 0.0336's ( windowh

0.0215 s windowl)

0.0171 s indow2

0.0087 s indow3,4,5)
Non-linearity 4% (@ 20k ADU)

Table 3: NIX detector parameters

Figure 8: Detector readout noise as a function of detector integration time (DIT) for the the slow readout
mode (SLOW_GR_YBRNIX. This curve is used by the ERIS ETC to estimate S/N of observations.

2.4.1.2 Sub-array Size NIX detector o ers capabilities to increase the readout speed (with respect to
that reported in Table 3) by restricting the readout to be done only between two selected rows. This applies
only in the vertical direction (i.e. along the read channels); the horizontal width (i.e. across the read channels)
is always kept full. Each window can be used with either theSLOW_GR_UJIRFAST_UNCORRdout modes.

In NIX templates, this feature is introduced via a set of pre-de ned options controlled by the SEQ.NIX.DET.WINDOWING
parameter. The options are given in Table 4. Note thatwindowl1 and window3are only to be used with FPC
observations, andwindow4is strongly recommended for APP and SAM observations to reduce data volume.

Note that while the windowFoption is nominally full frame, with the FAST_UNCORRdout mode provides
frames with size of 2046 starting from row 3. There is no loss in scienti ¢ pixels in this case, only two rows of
reference pixels are removed in order to reduce detector glow.
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DET.WINDOWING First Row No of Rows IMG APP FPC SAM Comment
windowE SLOW 1 2048 7 7 7
FAST 3 2046 7 7 7
windowl 750 1296 7 FPC only, full FoV
window?2 1022 1024 7 7 7
window3 1154 512 7 FPC only, inner FoV
window4 1280 512 7 7 7 Recommended for APP, SAM
window5 794 512 Observatory use only

Table 4: Pre-de ned row selections for NIX readouts.

Figure 9: The ve dierent windows that can be read on the NIX detector. The acquisition position for
standard imaging (plus symbol) and APP and SAM (cross symbol) are indicated for each sub-array, see
Section 7.3.

2.4.1.3 Bad Pixels = Some regions on the NIX detector are densely populated by bad pixels, without any
distinction on their type. These regions are represented in Figure 10 in terms of number of identi ed bad pixels
neighboring each pixel. In other words, for pixels marked in red in this gure, there will be very limited local
information to recover their true values via simple interpolation methods within a single image. Therefore,
high priority targets should avoid these regions. For eld observations, dithering is strongly recommended
as bad pixels can be replaced using the information from o set frames during aligning and stacking. For
observations using thenixIMG_obs_AutoJitter  template, a jitter width of more than 5 °°(10% for the 13mas
(27mas) camera is recommended. Note that the jitter pattern does not discriminate between good and bad
regions of the detector. A representative bad pixel map can be found on the ERIS websiteto help prepare
observations with explicitly de ned o set patterns to avoid these regions.

Lhttps://Iwww.eso.org/sci/facilities/paranal/instruments/eris/inst.html
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Figure 10: Number of identied bad pixels neighboring each pixel in NIX detector. Pixels which are not
identi ed as bad pixels have a value of 0.

2.5 SPIFFIER

The integral eld spectrometer SPIFFIER is an upgraded/refurbished version of SPIFFI (SPectrometer for
Infrared Faint Field Imaging) featuring a new HAWAII 2RG detector and four new gratings providing better
spectral resolution. Figure 11 shows a view inside the cryostat. The light enters from the top, and passes
through the sky-spider. The pre-optics with a Iter wheel and interchangeable lenses provides three di erent
image scales. The image slicer re-arranges the two-dimensional eld into a pseudo-long slit, which is per-
pendicular to the base plate. Three diamond turned mirrors collimate the light onto the gratings. In total,
four gratings are implemented on the grating drive. A multiple-lens system then focuses the spectra on the
detector. All components are cooled in a bath cryostat to the temperature of liquid nitrogen ( 77 K). The
liquid nitrogen reservoir sits below the instrument plate.

SPIFFIER provides simultaneous spectroscopy of 32x64 spatial pixels (spaxels) with a spectral resolution of
either 5000 or 10000. Three pixel scales are available by rotating the optics wheel; 25, 100, 250 mas/pixel.
A spaxel corresponds to a rectangular area on the sky, for example, 12.5x25n%am the 25mas pixel scale.
The 25 mas con guration is suited for use with adaptive optics since the angular resolution at 2.2 m is 56
mas. To make optimal use of the spatial elements in seeing limited observations and at partial correction of
the atmospheric turbulence with faint reference stars, SPIFFIER also provides image scales of 100 mas/pixel
and 250 mas/pixel. These are associated with correspondingly larger elds of view.

Each of the atmospheric transmission bands J (1.1-1.4 m), H (1.45-1.85 m), and K (1.95-2.45 m) is
covered with single exposures at a resolution of 5000 as in SINFONI. With the addition of a new high
resolution grating, only half wavelength range of the J, H, and K bands can be measured in a single exposure
at a resolution of 10000 - refer to Table 9 for the full set of con gurations.

A detailed description of the SPIFFI instrument design can be found in Eisenhauer et al. 2003 (Proc. SPIE
4841, 1686), with part of the upgrades to SPIFFIER described in George et al. 2017 (JATIS, 3, 1).
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Figure 11: An inside view of the SPIFFIER cryostat with indications for the locations of various opto-
mechanical elements. Some housing covers and parts of the sti ening structure are not shown for better
illustration. The diameter of the instrument is 1.3m.

2.5.1 Pre-Optics

Below the entrance focal plane ba e, a triplet lens unit collimates the light onto a cold stop for the suppression
of the thermal background. The stop has a diameter of 6 mm, and is equipped with a central obscuration
with the equivalent size of the telescope secondary mirror. Just in front of the cold stop is the motorized Iter
wheel, housing the band-pass lters, which are required to suppress the unwanted diraction orders of the
gratings. After the cold stop, the motorized optics wheel provides the interchangeable lens systems for the
three di erent image scales, and a pupil-imaging lens for alignment purposes. Each objective consists of two
or three lenses. All moving functions are driven by two-phase stepper motors, which have been modi ed for
use at cryogenic temperatures.

2.5.2 Image Slicer

The focus of the pre-optics is located at the small slicer. This part of the image slicer consists of a stack
of 32 plane mirrors, which slices the image into slitlets, and separates the light from each slitlet in di erent
directions. A second set of 32 mirrors, the big slicer, collects the light and forms the pseudo-slit, which appears
as abrick-wall pattern on the detector. To avoid di erential thermal contraction, the unit is completely made
from a zero expansion glass, and all parts are optically contacted.

Figure 12 shows the image slicer and the positions of the slitlets on a raw SPIFFIER frame. The slitlets
run horizontally across the imaging eld-of-view and are numbered from top to bottom on the small slicer.

2.5.3 Spectrometer Collimator

After the image has been sliced and re-arranged into a pseudo-slit, three diamond turned mirrors collimate
the light onto the gratings. The rst mirror is spherical, and the other two mirrors have an oblate elliptical
shape. All mirrors are made from Aluminum. The mirrors are gold-coated for higher re ectivity.

2.5.4 Grating Wheel

In total, SPIFFIER has four gratings. Three of the gratings cover the J, H, and K atmospheric windows at a
resolution of R 5000 similar to SINFONI. The fourth grating is the high-resolution grating and replaces the
H+K grating slot in SINFONI. This grating doubles the spectral resolution in a given band but reduces the
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Figure 12: Top: SPIFFIER image slicer (a): The light enters through the hole in the big slicer. A stack
of 32 small mirrors, the small slicer (also shown in the sub-panel), slices the image and redirects the light
to-wards the 32 mirrors of the big slicer, which re-arranges the slitlets into a 31 cm long pseudo-slit. Bottom:
lllustration of the slitlet layout in raw SPIFFIER images, light is dispersed vertically on the science detector.

wavelength range by a factor of two. For each band, the instrument is pre-con gured option to observe either
short, middle or long wavelength regime. The options are detailed in Table 9.

Each low resolution grating is blazed to the center of its bandpass, while the high resolution grating is
blazed to optimize e ciency in all bands. In order to be able to move the spectrum on the detector with
an accuracy of 1/5 of a pixel, the grating wheel is driven with a 1:647 gear, and controlled via an inductive
encoder directly attached to the grating wheel.

2.5.5 Spectrometer Camera

The camera is a ve-lens + 1 folding mirror /D 1/2.8 design. The diameter of the three big lenses is 170
mm. All lenses have a multi-layer anti-re ection coating optimized for the wavelength range from 1.05-2.45
m.

2.5.6 Detector
SPIFFIER is operated with a science grade Teledyne HAWAII 2RG detector (2k x 2k).

2.5.6.1 Characteristics The characteristics of the new detector are summarized in Table 5, and the
readout noise is plotted as a function of the detector integration time in Figure 13.

2.5.6.2 Bad Pixels As commonly seen in infrared arrays, the SPIFFIER detector also has randomly
distributed bad pixels. These can be easily interpolated over during data reduction. The only defect worth
noting is a clump of cold pixels (not sensitive to light) about 10 pixels in diameter, marked with a dark blue
circle in Figure 14. This spot falls into slitlet 16 in all con gurations, i.e. in the middle of the reconstructed
image.
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Operating Temperature 77K
Pixel size 18 microns
Dark Current 0.19 e-/s
Well Depth >80k e-
Detector Gain 2.0 e-/ADU
Readout Noise 12 e- (2s)
7 e- (60s)

11 e- (600s)
Minimum DIT 1.6 secs
Non-linearity 3% (@ 20k ADU)

Table 5: SPIFFIER detector parameters

Figure 13: Detector readout noise as a function of detector integration time (DIT) for SPIFFIER. This curve
is used by the ERIS ETC to estimate S/N of observations.

Figure 14: Left: SPIFFIER K _low at at 25 mas pixel scale. A clump of cold pixels is marked with circle in
the left panel. Right: 2D persistence map after a 5-minute long at exposure.

2.5.6.3 Persistence In contrast to the old SINFONI detector, the new detector of SPIFFIER is less prone
to persistence events -{ in the worst cases, the duration is reduced from days to hours. However, the instrument
still needs to be operated in a way that minimizes persistence. Operationally, when not observing, the Iter
wheel always remains in the blocked con guration to avoid excessive ux reaching the detector and so-called
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Figure 15: Persistence recovery time of SPIFFIER detector with respect to peak ux.

persistence frames are continuously recorded during instrument setup. On the observational side, however, it
is responsibility of users to follow persistence limits to avoid disturbing subsequent exposures.

Figure 14 shows a 2D persistence map after a long (5-minute) at exposure near full well. As seen in the
image, illuminated parts of the detector have almost uniform persistence background with the exception of
low persistence anomaly - a thumb-like feature between slits 17 and 19 at the longest wavelengths. However,
note that bright point-like sources or OH sky lines will still leave distinct persistence footprint on the detector.

In Figure 15, we report the persistence decay timescale with respect to peak illumination ux. In simple
terms, exposures on the order of a minute reaching near 80% well-depth would require about an hour recovery
time before the start of upcoming science OBs.
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3 Observing Modes and Instrument Con guration

Table 6 below summarizes the di erent modes and con gurations o ered by ERIS. Observations with ERIS
can only be carried out in combinations of these. But not all combinations are possible. For example, pupil
tracking is associated with some instrument related restrictions, which are described in Section 3.1; and the
seeing limited AO mode does not make sense to use with the high contrast imaging observing mode. So the
possible combinations are limited by the available templates. The various tracking, AO, and observing modes
are explained in more detail in the following subsections.

Focal Plane Rotation Modes

The standard focal plane rotation mode, in which the orientation of the

Field tracking eld on the instrument focal plane remains constant.

In ERIS, this is used exclusively for Angular Di erential Imaging (ADI),
and means that the orientation of the pupil on the instrument focal plane
remains constant. Its primary application is for high contrast imaging
with NIX.

Pupil tracking

Di erential Tracking Modes

The standard sky tracking mode, in which the telescope (+instrument)
and AO system follow targets at a xed right ascension and declination.
This covers di erential tracking, in which the AO guide (or tip-tilt) star
Non-sidereal tracking is moving relative to the science target, as well as simple non-sidereal
tracking, where the AO guide star is the non-sidereal science target.

Sidereal tracking

Adaptive Optics modes

NGS-AO On-axis or o -axis

LGS-AO With an on-axis or o -axis tip-tilt star

LGS Seeing Enhancer (SE) With LGS but no tip-tilt star

Seeing Limited No AO guide star

SPIFFIER Observing Modes

Integral eld spectroscopy FOV: 0.8 W 3.2 8@ R Bk or 10k; 1-2.5 m

NIX Observing Modes

Short Imaging 13/27 masl/pix (26 “955°FOV); J-K narrow/broad bands
Long Imaging 13 mas/pix (26 °FOV); L-M narrow/broad bands
Apodizing Phase Plate (APP) K -M narrow bands; 13 mas/pix

Focal Plane Coronography (FPC) L-M bands; 13 mas/pix

Sparse Aperture Mask (SAM) J-M bands (narrow-band only for SAM-23); 13 mas/pix
Long Slit Spectroscopy (LSS) L band only; R 900, slit width of 86 mas

Table 6: Short summary of ERIS modes available as of P113.

3.1 Focal Plane Rotation Modes

This de nes whether the orientation of the eld or pupil in ERIS is xed with respect to the detector focal
plane.

Field tracking is the standard mode, and means that the orientation of the sky on the focal plane remains
constant (so that ERIS rotates at a speed that depends on declination and hour angle). Pupil tracking means
that the orientation of the pupil on the focal plane remains constant (i.e. ERIS is set at some prede ned
angle and then does not rotate). This is an important capability for high contrast imaging, in order to remove
speckles in the PSF of the primary star. With pupil tracking, ERIS rotates to a pre-con gured angle so that
the pupil mask is aligned with the telescope spider arms. How this corresponds to the orientation on-sky
depends on the declination and hour angle of the pointing.

Note that the use of o -axis guide stars with pupil tracking mode is not supported.

3.2 Dierential Tracking Modes

This de nes the rate at which the telescope, instrument, and AO system move across the sky in order to keep
an object centered in the eld of view.
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Target : sidereal, AO : sidereal. This applies to most science targets, which remain at a xed right
ascension and declination for the duration of an OB. The o set between the target and AO star is
constant throughput the OB.

Target : non-sidereal,AO : the same non-sidereal object. This applies to bright non-sidereal objects that
can also be used as the AO reference star. In this case the telescope tracking speed needs to be adjusted
in both axes to keep the object centered. No di erential tracking is performed as the target and AO
reference star are the same.

Target : non-sidereal, AO : sidereal. In this scenario the AO system will have to track di erentially to
the science instrument so that the science target remains xed in the eld of view. This is handled by
continually updating the o set between AO guide star and science target. The maximum separation
between these two must remain within the maximum 5%°patrol radius of the AO system.

Target : sidereal, AO : non-sidereal. As with the previous scenario, although in this case the AO system
is di erentially tacking to keep the AO star centered within the wavefront sensor.

Target : non-sidereal,AO : a di erent non-sidereal target. As with the previous scenario. The telescope
tracks the non-sidereal science target, while the AO system compensates for the dierential motion
between the two to keep the two objects centered in the science camera and AO wavefront sensor.

3.3 Adaptive Optics Modes

There are four AO modes, summarized in Table 6. Their combination with respective observing modes is
limited by the available templates to only those that make sense.

NGS-AO , a natural guide star (speci ed already in Phase 1 proposal preparation) is sensed at visible
wavelengths to provide the AO correction. The guide star can be on axis or up to 590 axis. Because
ERIS uses only a single DM (the DSM of the AOF), the eld of view over which there is a good AO
correction is nite. This also means that in the o -axis con guration, anisoplanatism can signi cantly
reduce the AO performance at the location of the science target.

LGS-AO , any one of the lasers from the 4LGSF is used to generate an on-axis LGS that is used to
correct high order aberrations. A second WFS senses a tip-tilt star at visible wavelengths simultaneously.
The tip-tilt star can be on axis or up to 59%°0 axis. Note that, when dithering, the LGS will always
point to the centre of the observed eld, while the science target will move to di erent positions in
the eld. The impact of the resulting high order anisoplanatism will usually be small (note that tilt
anisoplanatism, which dominates the o -axis PSF shape, is una ected by the location of the LGS). This
mode of operation has advantages in improving the overall PSF for extended targets and elds.

Seeing enhancer (SE) , this uses an LGS to correct the high order aberrations, but without a tip-tilt
star (although with VLT eld stabilization). As for the LGS-AO mode, when dithering the LGS is always
in the centre of the observed eld while the science target moves around it. No AO (tip-tilt) guide star
is speci ed.

" Seeing limited , in this ‘no AO' mode, the AO system is 0 (loops open) and so no guide star is speci ed.
Instead VLT eld stabilization is used.

3.4 SPIFFIER modes

From an operational perspective, the use of SPIFFIER in ERIS is similar to SINFONI. There is only one mode:
integral eld spectroscopy. But this mode has a variety of xed con guration options for the pixel scale (see
Table 7 and Fig. 16) and the spectral setting (band/wavelength and resolution), see Table 9. An important
di erence to SINFONI is that during acquisition, the AO system goes rst, after which one can expect that
the SPIFFIER pointing should be reasonably precise. The o set between the centers of the three elds of
view are given in Table 8. For observations at a non-zero position angle (i.eTEL.ROT.OFFANGE&D deg), it is
strongly recommended to useDETECTQiRsets to move the telescope to recenter an object if the plate scale is
changed, otherwise you must apply the appropriate rotation to the SKYo sets to account for the instrument
rotation.

There is no restriction between AO mode and the choice of pixel scale. Since the eld of view of 25mas
pixel scale con guration is <1 arcsec, the 100mas pixel scale con guration can be used during acquisition if
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Field of view Spaxel size on-sky Tag
0.8"x0.8" 12.5x25mas 25mas
3.2"x3.2" 50x100mas 100mas

8"x8" 125x250mas 250mas

Table 7: FOV and spaxel size for each pixel scale options of SPIFIER.

Figure 16: Relative centering of the SPIFFIER FoVs for the three allowed changes within a single OB;
the pixel scale cannot be decreased between subsequent science templates. The telescope o set assuming
TEL.ROT.OFFANGLHEdeg required to move an object from the center of the smaller eld of view to the center

of the larger eld of view is shown.

Tag 25mas 100mas 250mas
25mas | (32:0;32:0) px (0;0)%

100mas| (28:2;24:4)px (+0:190; 0:380)° | (32:0;32:0) px (0;0)®

250mas| (27:7;27:9)px  (+0:538 0:513)° | (29:2;30:9)px (+0:350, 0:138)®° | (32:0;32:0)px (0;0)*®

Table 8: Pixel coordinates for the center of each pixel scale (columns) within the other pixel scales (row), and
the telescope o set (SKY to move an object from the center of one eld of view to the center of the other,
assumingTEL.ROT.OFFANGtEdeg. As an example, the center of the 25mas eld of view is at pixel coordinate
(28:2; 24:4) in the 100mas eld of view, and a telescope o set of (+0380, 0:760)°°would be required to move
an object from the center of the 25mas eld of view to the center of the 100mas eld of view.

the object coordinates are not precisely known. If this is done the target will be centered using the 100mas
pixel scale con guration and an o set must be applied within the rst science template at the 25mas pixel
scale con guration if precise centering for the science exposures is required (see Table 8, and the schematic
in Figure 16). If the object coordinates are precisely known then it is highly recommended to use the desired
pixel scale con guration for the science for the acquisition.

There are twelve options for the spectral con guration and these are detail in Table 9. Low resolution
con gurations roughly cover a full single broad band. Alternatively, short and long variants can be used in
conjunction to observe a full band doubling spectral resolution at the expense of longer observing time. The
middle con gurations are useful if there is a spectral feature of interest in the middle of a given band and
higher resolution is required.

SPIFFIER is only o ered with eld tracking, but the position angle of the instrument can be set freely.

3.5 NIX modes

NIX has ve di erent observing modes; one associated with imaging, three with high contrast modes, and one
with spectroscopy.

The imaging mode has two pixel scales: 13 mas/pix and 27 mas/pixel, which provide respectively 26x26
and 55x55 arcsec elds of view. The smaller pixel scale is designed to fully sample the PSF in the H and
K lters (1 to 2.5 m), while the large eld of view is a balance between reasonable sampling and as large a
eld of view as possible. In long wavelength imaging 2.5 m), only a 13 mas/pix con guration is available.
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Con guration Band ¢ [ m] range [ m]  Resolution
Low J_low 1.25 1.09-1.42 5000
Resolution H_low 1.66 1.45-1.87 5200
K_low 221 1.93-2.48 5600

J_short 1.18 1.10-1.27 10000

J_middle 1.26 1.18-1.35 10000

J_long 1.34 1.26-1.43 10000

High H_short 1.56 1.46-1.67 10400
Resolution H_middle 1.67 1.56-1.77 10400
H_long 1.76 1.66-1.87 10400

K_short 2.07 1.93-2.22 11200

K_middle 2.20 2.06-2.34 11200

K_long 2.33 2.19-2.47 11200

Table 9: SPIFFIER grating parameters. Resolution values correspond to the 1.6 pixel line FWHM. For sim-
plicity, throughout the document high resolution con gurations are referred to as R 10000 and low resolution
con gurations as R 5000.

The ne pixel sampling choice in this con guration is due to the high sky background in these wavelengths.

The optical design of the instrument means that a small border of 10 pixels will be vignetted around the
outside edge of the detector for both aperture settings. This will help with alignment of the components and
will reduce the amount of scattered light reaching the detector. It is possible this area of unexposed could
provide additional input to the data reduction.

We note that NIX pipeline includes only basic (single exposure) image reduction steps for high contrast
modes: dark subtraction, linearity correction, at- elding, and bad pixel interpolation. It does not provide
further support for scienti ¢ analysis beyond that point. For the high contrast modes, observers are responsible
for requesting all the necessary calibrations beyond those given above.

3.5.1 Filter Wheel

. Average(Peak
Filter oL ml FWHM [ m] Transm?ss(ion [030]
J 1.28 0.20 82
H 1.66 0.31 93
Ks 2.18 0.39 87
Short-Lp 3.32 0.43 80
Lp 3.79 0.60 78
L-Broad 3.57 1.04 83
Mp 4.78 0.58 80
Pa-b 1.282 0.021 75(83)
Fe-ll 1.644 0.020 86(94)
H2-cont 2.068 0.064 80(90)
H2-1-0S 2.120 0.020 67(77)
Br-g 2.172 0.020 65(75)
K-peak 2.198 0.099 83(89)
IB-2.42 2.420 0.049 71(82)
IB-2.48 2.479 0.051 65(78)
Br-a-cont 3.965 0.108 82(91)
Br-a 4.051 0.023 69(80)

Table 10: The table lists NIX Iter wheel contents. FWHM is the width at half transmission. . is the
middle of this range. The average transmission is calculated within the half transmission limits. For narrow
band lIters, we also include the peak transmission inside parentheses.

There is a wide range of Iters to choose from, most of which are mounted in the Iter wheel. When the
user selects a “short' wavelength lter (i.,e. < 2.5 m) or a long' wavelength Iter, the associated pupil wheel
mask is automatically selected for the pupil wheel. Two additional Iters are mounted in the pupil wheel: the
neutral density (ND) Iter and the blocking lIter. The blocking Iter provides additional blocking of the long
wavelength thermal background (see below). The full list of lters is given in Table 10; note that the L-Broad
Iter is designed solely for use with the LSS mode.
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The Blocking lter in the pupil wheel (see Section 3.5.2) is included to block a potential long-wavelength
leak in < 2:5 m observations at the cost of throughput (from 5% inJ to 10-15% in K). During the
commissioning, no problematic cases were observed which requires the use of this lter.

Filter transmission pro les are available on the ERIS website?, and are used to compute the total instrument
throughput reported in the ERIS ETC 2 which can be displayed if selected on the \Select Output" tab.

3.5.2 Pupil Wheel

The pupil wheel of NIX contents a range of di erent elements that are relevant to the sections that follow, these
are detailed in Table 11. For all settings, there is a tradeo to be considered between maximizing throughput,
while reducing the thermal background. For longer wavelength observations, more care has to be taken to
limit the emission from the sky and structures surrounding the pupil. So, to optimize the observations two
‘reduced stops' are available, a larger one for JHK to maximize throughput and a smaller one for LM that
limits the background.

No. Item Obs. Mode Description

1 IHK-pupil imaging T_he JHK reduced pupil stop is a metal plate with a
circular aperture.
A copy of the JHK reduced pupil stop with a lter

2 Blocking imaging that enhances blocking of out of band thermal
background.
The LM reduced pupil stop is a metal plate with a

3 LM-pupil imaging smaller circular aperture than the JHK stop, to reduce

thermal background.

The spider mask blocks out thermal emission from the
4 Spider imaging secondary mirror and the spiders at the expense of
throughput ( 15% reduction); only for pupil tracking.
A copy of the LM reduced pupil stop with a neutral

5 ND 'maging density lter.
An apodizing phase plate that produces a pair of

6 APP high contrast 0 set images in which_ opposite ha_lves of the PSF are
suppressed, and a fainter central image as a
photometric and astrometric reference.

7 SAM-7 Sparse aperture masks with the speci ed number of

8 SAM-9 high contrast | mini-apertures for non-redundant and partially

9 SAM-23 redundant interferometric imaging.
The Lyot stop is a spider mask with an undersized

10 Lyot high contrast | circular aperture, to be used in conjunction with
AGPMs in the aperture wheel.

11 Lyot-ND high contrast A copy of the Lyot s_top with a.neutra_l density lter,
useful when observing very bright objects.
A grism for L-band spectroscopy with a copy of the

12 Grism spectroscopy | LM reduced pupil stop, used with the slit mask in the
aperture wheel

13 Open { An empty aperture; not user-selectable.

14 Block { A blocked aperture to stop any light reaching the

detector; not user-selectable.

Table 11: NIX pupil wheel contents

3.5.3 Possible Modes and Settings

The possible observing modes and the possible cross matches between the observations are shown in Table 12
and Table 13.

2 (https://www.eso.org/sci/facilities/paranal/instruments/eris/inst.html
3https://etc.eso.org/observing/etc/eris
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Aperture Camera Filter wheel Pupil wheel Trackin
Wheel P 9
Short Large eld 27mas-JHK JHK-pupil , .
imaging Small eld 13mas-JHK <25 m ler Blocking , ND Field
Long_ Small eld 13mas-LM > 25 m lter LM-pupil ,ND Field
Imaging
APP Small eld 13mas-LM > 25 m lter APP Pupil
AGPM-L, .
FPC AGPM-M 13mas-LM > 25 m lter Lyot, Lyot-ND Pupil
Any SAM-7
SAM Small eld igmgziw Any SAM-9 Pupil
Narrow only SAM-23
LSS Slit Mask 13mas-LM L-Broad Grism Field
Table 12: Con guration combinations for observing modes with NIX.
112]|3] 4 5 6 89|10 |11 |12 | 13 | 14 | 15| 16 | 17
Qo e} = 7)) ~ E,
SEIFIEAEN-IER IR AN AR R A
ST ST E g g0 el ]"
1 JHK-pupil 717 |7 77 7 7 7 7 7 7
2 Blocking 717 |7 77 7 7 7 7 7 7
3 LM-pupil 7 7 7
4 Spider 7 7 7 7
5 ND 717 |7 7 7 717 7 7 7 7 7 7 7 7
6 APP 7 7 7 7 7 7 7 7
7 SAM-7 717 |7 7 7 717 7 7 7 7 7 7 7 7
8 SAM-9 717 |7 7 7 717 7 7 7 7 7 7 7 7
9 SAM-23 77 7 7 7 7 7 7 7 7
10 | Lyot 7 7 7 | 7
11 | Lyot-ND 7 7 7 7
12 | Grism 7

Table 13: All possible combinations for the Iter and the pupil wheel.

27



ERIS User Manual 28

4 ERIS Performance Overview

The following section is intended to give the user a rough idea of the expected ERIS performance. It provides
an overview only, and the Exposure Time Calculator (ETC) should be used to estimate the feasibility of science
observations. The ERIS ETC can be found athttp://www.eso.org/observing/etc/

4.1 Adaptive Optics System Performance

As already discussed, the ERIS provides two main observing AO modes namely NGS mode and LGS mode.
Both require using a NGS, as a high order and tip tilt reference respectively. The following subsections detail
the performances provided by these two modes. The performance for the seeing enhancer depends only on
the seeing and airmass at the time of the observations, and not on the user's choice of NGS. The expected
resolution is typically in the range 0.1{0.3°° For the LGS and NGS modes, the Strehl ratio (SR) achieved

in nominal seeing of 0.87 arcsec along the line of sight, is given as a function of magnitude and distance of
the NGS. Then, in order to give an idea of how the system performance changes, the on-axis performance is
shown for each of three line-of-sight seeing values (0.7, 0.87 and 1.1 arcsec). The ETC provides more complete
information.

4.1.1 AO System Reference Star

Figure 17: Simulated (lines) and measured (points) Strehl ratio in K band as a function of the reference star
Gaia RP magnitude for NGS and LGS (Davies et al. 2023, Riccardi et al.in prep).

The ERIS AO module has a reference star acquisition FoV of circular shape with a diameter of 120 arcsec.
The AO performances are reported in terms of SR as a function of reference star magnitude iR band.
The star type is assumed G2V. Note that the NGS WFSs (both HO and LO) wavelength range is 600-1000
nm, so the user is encouraged to search for redder type star in the observation planning. The atmospheric
parameters used in the simulations assume standard atmospheric conditions at Paranal and consider a seeing
value of 0.87 arcsec, which is taken as the seeing along the line of sight at 30 deg of Zenith distance. Figure 17
summarises the AO performance on-axis for NGS and LGS versus reference star magnitudes (blue and red
curves respectively) and the requirements (blue and red dots). These data show the interesting condition that
when the NGS is fainter than a R 13.5 mag, the LGS option should be used all the time.

4.1.2 NGS mode performance

The general plot of SR vs. reference star magnitudes and o axis distances is reported in Figure 18. Since the
simulations have been done with a given wind pro le the SR pattern is not centro-symmetrical. The reported
values are an average for o -axis targets located at 0, 90, 180 and 270 degrees with respect to the reference
coordinate system of the simulations.
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