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Since 2005 ESO has been working  
with its community and industry to 
develop an extremely large optical/
infrared telescope. ESO’s Extremely 
Large Telescope, or ELT for short, is a 
revolutionary ground-based telescope 
that will have a 39-metre main mirror 
and will be the largest visible and 
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infrared light telescope in the world. To 
address specific topics that are needed 
for the science operations and calibra-
tions of the telescope, thirteen specific 
working groups were created to coordi-
nate the effort between ESO, the instru-
ment consortia, and the wider commu-
nity. We describe here the goals of 
these working groups as well as their 
achievements so far.

Background

In September 2019, ESO’s Extremely 
Large Telescope1 (ELT) Programme 
Scientist Michele Cirasuolo, in discussion 
with several members of the community, 
as well as the principal investigators of 
the first-generation ELT instruments 
(MICADO, MORFEO, HARMONI, and 
METIS), initiated the formation of a set of 
working groups (WGs) that had as their 
main goal the improvement of several 
critical elements needed by the ELT and 
its instruments to do transformative sci-
ence and operate smoothly. These WGs 
bring together expertise from within ESO, 
the instrument consortia, and the wider 
community, with the aim of avoiding 
redundancy across the consortia, given 
that many of the issues dealt with are 
common to all instruments. 

At present there are thirteen active WGs 
(Figure 1), each with its own coordina-

tor(s) and with about 160 contributing 
members. The overall coordination and 
the inter-WG deliverables are led by Paolo 
Padovani (who has replaced Remco van 
der Burg), and Michele Cirasuolo. The 
ELT WGs work through various communi-
cation channels, including mailing lists, 
tWiki, Slack, MS Teams, and Zoom. ELT 
WG meetings have also been held yearly 
since May 2020.

The ELT WGs are open to the community 
and volunteers are very welcome. If you 
are interested in contributing to any of 
these WGs please contact Paolo Padovani 
or Michele Cirasuoloa.  

This article introduces the ELT WGs and 
highlights their main objectives and the 
results obtained so far. 

Astro-weather (coordinators: Julien Milli 
and Angel Otarola)

The goal of the Astro-weather WG was 
twofold. In the first place, it identified the 
meteorological and atmospheric variables 
to be monitored, taking into account the 
requirements of the telescope and each 
ELT instrument. All these variables were 
discussed and ranked in three categories 
according to their priority. In a second 
step, the WG identified the sensors or 
technological solutions that could be 
used to monitor these relevant meteoro-
logical and atmospheric variables. This 
helped to make an estimate of the cost to 
purchase, and/or design and produce, 
these sensors. Ultimately, a report was 

produced summarising all the information 
gathered by the WG on the requirements 
for the ELT Astronomical Site Monitor 
(ASM), including priorities and an 
estimation of the required budget.

The astro-weather information, to be pro-
duced by the various systems comprising 
the ASM, is essential for the ELT and its 
instruments to work efficiently, as well as 
providing important input to other WGs, 
as shown in Figure 1. Weather data (tem-
perature, relative humidity, wind speed 
and direction) are relevant to supporting 
the day and night operations and are 
therefore considered high-priority. The 
same is true for turbulence data (seeing, 
coherence time, isoplanatic angle, and 
high-resolution profiles of the surface 
layer turbulence and outer scale) that are 
used to predict the image quality, to help 
rank and schedule the science observa-
tions, and also to optimally extract the 
signal (point spread function [PSF] recon-
struction: see below). Monitoring the pre-
cipitable water vapour is also considered 
a high priority, to support observations in 
the infrared (IR) and provide key observa-
tions for telluric line corrections (see 
below). The ELT’s main mode of opera-
tion will be Service Mode supported by 
an adaptive queue scheduling of the sci-
ence observations, and consequently 
monitoring of the sky transparency also 
becomes an important factor, as well as 
forecasting the weather, atmospheric tur-
bulence, and precipitable water vapour 
on various timescales of interest.

Spectro-photometric
standard stars

Telluric correction

PSF reconstruction

Guide/AO stars

Simulated PSF and
AO performance

Astro-weather

Sky subtraction

Instrument simulations and
exposure time calculator

High-contrast imaging

Line calibrations

Pyxel detector simulations

Detector effects Persistence modelling

Figure 1. The diagram shows how the different ELT 
WGs are closely connected, with the output from 
any given WG feeding directly into (an)other WG(s).
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Telluric line correction (coordinator: 
Alain Smette)

A top-level requirement for the ELT instru-
ments is to minimise nighttime calibra-
tions. However, an IR spectrum displays 
telluric absorption lines arising from 
Earth’s atmosphere. Their correction usu-
ally requires observation of a ‘telluric star’ 
(TS) — i.e., a star lacking intrinsic fea-
tures in the scientifically relevant spectral 
range — close in time and position to the 

science target. Over a whole night, the 
corresponding execution time can easily 
absorb up to 10% of the science time 
and changing weather conditions might 
affect the TS spectrum quality, possibly 
tarnishing the science observation.

Synthetic telluric absorption spectra have 
recently provided better correction quality 
than this empirical method, returning the 
corresponding overhead time back to 
science. In particular, Molecfit (Smette et 
al., 2015; Kausch et al., 2015) is being 
integrated into instrument pipelines, 
including those of the ELT instruments 
(Figure 2). The Molecfit_model routine 
first adjusts molecular abundances and 
the parameters of the line spread function 
(LSF), and possibly corrects for inaccu-
rate wavelength calibration by fitting data 
in small regions of the science spectra 
representative of the telluric lines. Then 
the Molecfit_calctrans routine uses this 
information to calculate the telluric trans-
mission spectrum over the whole spectral 
range, so that the Molecfit_correct rou-
tine can deliver the corrected spectrum.

The quality of the correction depends on 
the availability of suitable telluric lines for 
the fitting process, and hence on the 
characteristics of the science target 

spectra. Improvements rely on inde-
pendently determining the fitted parame-
ters. A microwave radiometer pointing at 
the target coordinates already provides 
temperature and humidity profiles 
(Smette, Kerber & Rose, 2020). Soon, 
abundances for molecules other than 
water vapour — which vary on timescales 
of days to weeks — will be retrieved 
thanks to regular twilight observation of 
telluric stars. Although the shape of the 
ELT instruments LSF will be well known, 
the WG also studies less understood 
issues, such as the impact of not filling 
the slit and effects due to the adaptive 
optics (AO) system.

Sky subtraction (coordinators: Rubén 
Sánchez-Janssen and Elena Valenti)

The majority of ELT science cases require 
observations in the IR, which is notorious 
for its high sky background. Airglow 
emission dominates at wavelengths 
below ~ 2 mm and thermal emission 
above that, and they must be removed, 
often down to a few per cent. This is 
challenging because the airglow lines 
remain insufficiently characterised — 
many faint molecular transitions are not 
yet catalogued — and their high- 

Figure 2. Example of telluric correction of an 
X-shooter telluric standard spectrum. The top graph 
shows the X-shooter reduced spectrum retrieved 
from the science archive in black, the best model 
obtained by Molecfit in red, and the ratio of the two 
in green. Data points in the grey area were not used 
for the fit owing to data quality issues affecting some 
spectra in a set of several hundred used for the CO2 
determination. The bottom two graphs show high- 
resolution reference (not fitted) spectra for CO2 and 
H2O. The free parameters of the model include the 
constants of a 1st-order Chebyshev polynomial for 
improving the wavelength calibration, the FWHM of a 
Gaussian profile for the line spread function, and the 
constants of a 1st-order polynomial representing the 
continuum. The temperature and humidity profiles 
(hence, the amount of precipitable water vapour) 
were obtained at 2020-02-29T23:48:16 with the 
ESO-2 radiometer, while the relative abundance of 
CO2 relative to the reference atmospheric model was 
determined as the mean value of 16 measurements 
obtained over the month preceding the observations.
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embarked on a study of their temporal 
and spatial variability with archival VLT/
X-shooter and Gran Telescopio 
Canarias/EMIR spectra.

2.  We are working on creating and testing 
sky-subtraction strategies, combining 
three distinct methodologies: 1) tech-
niques based on a physical model of 
the sky emission (Noll et al., 2014); 2) 
probabilistic algorithms based on the 
statistical properties of the sky signal 
(Soto et al., 2016); and 3) optimal 
on-sky observing strategies (Yang et 
al., 2013). The first two approaches will 
benefit from the ongoing development 
of algorithms to characterise the instru-
mental LSF (Kakkad et al., 2020).

Spectro-photometric standards 
(coordinator: Sabine Möhler) 

This WG was created to ensure that suit-
able spectro-photometric standard stars 
are available by the time the first-light ELT 
instruments, covering the 0.45 µm to 
13 µm wavelength range at various spec-
tral and spatial resolutions, start operat-
ing. The spectro-photometric standard 
stars will be used solely to determine the 
instrumental response and not for telluric 
correction (see above). Because the 
instrumental response is expected to 
change slowly about 6–10 standard stars 
per instrument are sufficient, as long as 
they are evenly distributed in right ascen-
sion across the sky and at suitable decli-
nations to avoid observations at large 
airmass.

For each star reliable reference data must 
be available across the required wave-
length range at the defined brightness 
intervals. We first investigated whether 
existing standard star catalogues may be 
used. It turned out that HARMONI may 
use the same flux-standard stars as X-  
shooter and that the standard star cata-
logues of CRIRES and VISIR are suitable 
for METIS.
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Figure 3. Example of TIPTOP PSF fitting for MUSE-
NFM (top) and SPHERE (bottom). TIPTOP is used to 
fit the actual observations, demonstrating that the 
model is very accurately reproducing the AO PSFs. 
In operation, TIPTOP will use parameters estimated 
by the AO and telescope systems to provide an 
online PSF estimation.

instruments deliver sky subtraction to 
within a few per cent. To this end, it 
adopts a two-stage approach:

1.  Create a precise empirical model of air-
glow and continuum emission in the 
near-IR. We are carrying out a compre-
hensive screening of faint sky lines 
through a dedicated VLT/CRIRES pro-
gramme. Additionally, we have 

frequency temporal and spatial variations 
are poorly constrained. Moreover, we still 
know very little about the sky continuum 
emission in the near-IR, except that it is 
several orders of magnitude brighter than 
the faint astronomical sources the ELT 
will be targeting (Oliva et al., 2015).

The Sky subtraction WG addresses these 
issues with the goal of ensuring that ELT 

Telescopes and Instrumentation Padovani, P. et al., The ESO’s Extremely Large Telescope Working Groups
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correction. Developing tools to estimate 
the highly complex and varying PSFs pro-
duced by these systems is therefore cru-
cial to enabling solid measurements of 
astrophysical quantities (photometric, 
astrometric, morphological etc.). This 
need for reconstructed PSFs is further 
exacerbated by the limited field of view of 
the ELT instruments and the lack of suita-
ble isolated point sources to estimate the 
PSF from the science data.

As a starting point, a WG subgroup 
focused on establishing the state of the 
art, putting together an overview of the 
PSF reconstruction approaches currently 
being explored by various research 
groups, estimating their respective per-
formance, their range of applicability, 
and the input and assumptions they rely 
on. A comprehensive report led by 
Olivier Beltramo-Martin and others4 was 
produced and is available on the WG 
wiki page. 

The most accurate PSF reconstruction 
(PSFR) algorithms depend heavily on 
telemetry data produced by the AO sys-
tems, such as wavefront sensor data, 
measured slopes, control matrices or 
deformable mirror commands at frame 
rates reaching hundreds of Hz. While 
extremely data intensive, these methods 
hold the best potential for reaching per-
cent-level accuracies and there is a clear 
consensus among WG members that 
these most promising approaches should 
be enabled at the ELT. The strategies for 
AO telemetry data production proposed 
by the HARMONI, MICADO, and MOR-
FEO consortia were compared and ways 
to optimise data rates to stay within the 
practical archiving limit of 10 TB per night 
were explored (for example, time averag-
ing, pre-processing, compression). Syn-
ergies with the Opticon-RadioNet Pilot 
Joint-Activity JA3.3.2 for virtual access  
to AO telemetry and development of data 
storage and exchange standards are also 
being discussed.

Further topics the WG will focus on 
include strategies to calibrate non-com-
mon path aberrations and the evaluation 
of PSFR algorithms on current 8-metre-
class AO facilities. 

near-IR fluxes derived from VISTA and 
UKIRT surveys, and J- and H-band pre-
dictions based on optical data.

Simulated PSF and AO performance 
(coordinator: Benoît Neichel)

Since almost all ELT observations will  
be AO-assisted, the ESO community 
exposed to AO-corrected data will 
increase significantly and many future 
ELT users might not be AO experts. 
To assist the ESO community in prepar-
ing their AO observations, a fast algo-
rithm — called TIPTOP (Neichel et al., 
2021) — has been developed, which pro-
duces the expected AO PSF for any of 
the existing AO observing modes (SCAO, 
LTAO, MCAO, Ground Layer Adaptive 
Optics [GLAO]) and any atmospheric 
conditions. Called from a simple applica-
tion programming interface, TIPTOP is 
fast enough (a few seconds per PSF) that 
users can predict the performance of as 
many configurations as needed, at any 
sampling, position in the field and wave-
length. Moreover, TIPTOP will guide the 
user to select the best guide star constel-
lation and it will be interfaced with the 
instrument simulator (see below) to pre-
dict the final signal-to-noise ratio (SNR) 
expected for the target. TIPTOP will also 
serve for queue scheduling and quality- 
control, and will provide a first PSF estima-
tion associated with each science obser-
vation block. This last step could be seen 
as a first approach to PSF reconstruction 
(see below) and may be good enough for 
some science cases. In preparation for the 
ELT, TIPTOP will be deployed and tested 
on various VLT instruments, including 
ERIS, MUSE, CRIRES, SPHERE, and 
eventually MAVIS. The WG is currently 
working towards the fine tuning of the 
algorithm vs. on-sky observations and first 
results are very encouraging (Figure 3). 
TIPTOP has recently been installed as a 
‘level3 micro-service’ on a dedicated ESO 
machine and is available for beta-testing3. 
Readers are encouraged to test TIPTOP 
and send feedback.

PSF reconstruction  
(coordinator: Joël Vernet)

All currently foreseen ELT instruments will 
benefit from at least one flavour of AO 

For MICADO, however, new spectrophoto-
metric standard stars need to be defined 
because the existing ones are too bright. 
Candidate white dwarf stars have been 
identified and observed with X-shooter. 
The analysis is ongoing. The flux-cali-
brated X-shooter spectra will be fitted 
with white dwarf model spectra and the 
best fitting ones will be used as noise-
free reference data for the new 
flux-standard stars.

Guide/AO stars (coordinators:  
Paolo Padovani and Giacomo Beccarib) 

Crucial to the operation of the ELT is the 
availability of stars in the field of view, 
both for the telescope and the instru-
ments, with the necessary astrometric 
precision and brightness for telescope 
acquisition, wavefront control, and AO. 
The telescope will need up to three natu-
ral guide stars (NGS), with information on 
their optical magnitudes (in the R band or 
G band) and good astrometric precision. 
This can be achieved by using the Gaia 
stellar catalogue2, which by the time the 
ELT operates will have reached its end-
of-mission final data release, with accu-
rate parallaxes and proper motions. 
Depending on the AO mode, the instru-
ments may use NGS in the optical (for 
example, single-conjugate adaptive 
optics [SCAO]) or near-IR (laser tomogra-
phy adaptive optics [LTAO] and multi con-
jugate adaptive optics [MCAO]). 

The work performed so far by this WG 
includes: 1) the exploration of options to 
estimate H-band magnitudes for stars 
based on their optical colours and Gaia 
G-band magnitude, since all-sky, near-IR 
catalogues are not presently available; 2) 
the determination of the fraction of bina-
ries with close separation (≤ 1 arcsecond 
and similar brightness (within 3 magni-
tudes), since these are ‘problematic’ as 
ELT guide stars. We find that ~ 20% of 
stars that could be selected for wavefront 
sensing are expected to have a compan-
ion that could potentially hamper ELT 
operations; and 3) the drastic reduction of 
this contamination by using a convolu-
tional neural network approach. The WG 
at present can produce a guide-star cata-
logue around user-specified International 
Celestial Reference System (ICRS) coor-
dinates based on Gaia EDR3, with 
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High-contrast imaging (coordinators: 
Faustine Cantalloube, Markus Kasper, 
and Christophe Verinaud)

The three first-light instruments for the ELT 
(HARMONI, METIS and MICADO), and 
potentially two of the next-generation ones 
(ANDES and PCS), include a high-contrast 
imaging (HCI) mode. This mode is a com-
bination of a high-performance AO cor-
rection and an advanced coronagraphic 
technique that suppresses the starlight 
diffracted by the telescope aperture 
before it reaches the science camera.  
A high-contrast image has a high 
dynamic range (1:10 000), making it 
extremely sensitive to wavefront residu-
als. These residuals might come from 
uncorrected atmospheric turbulence, 
inherent limitations of the AO and/or 
coronagraph, the telescope structure or 
optical aberrations that are not corrected 
upstream by the AO. Usually, image pro-
cessing tailored to HCI data is applied to 
remove most of these residuals and 
reach a contrast of 1:1 000 000 or higher. 
This allows, for example, the detection of 
mature giant gaseous planets orbiting at 
a few tenths of an au around low-mass 
stars, and potentially the circumstellar 
disc in which they form and evolve. 

In this context, the goals of the recently 
established HCI WG are to: 1) share infor-
mation, tools, and necessary inputs; 
2) report the main limitations foreseen 
and specific requirements needed for the 
operations at the ELT; and 3) provide a 
realistic contrast budget to guide future 
HCI observations. The three main deliver-
ables are: 1) to implement quick HCI sim-
ulations into the ELT simulator; 2) to build 
the exposure time calculator for HCI 
modes, with the corresponding observ-
ing guidelines; and 3) to prepare for the 

Figure 4. Top Left Panel: An ERIS/SPIFFIER arc lamp 
calibration, intentionally overexposed to create per-
sistence in a series of dark exposures taken immedi-
ately afterwards (peak flux levels are ~ 60 ke−). 

Top Right Panel: The first 150-second dark follow-
ing the arc lamp exposure. This dark frame has 
been dark-corrected by a clean master dark unaf-
fected by persistence. The peak persistence flux 
levels are ~ 400 e−. 

Bottom Panel: The exponential decay of the persis-
tence as measured from a series of 20 long darks 
following the arc lamp exposure. Approximately 
2000 seconds after the arc lamp the persistence 
signal has decayed to zero.
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observation and data exploitation by 
developing diagnosis and performance 
tools. This work will benefit common cali-
bration strategies, optimal use of meta-
data, and definition of scheduling con-
straints. Therefore, this WG is in close 
relation to the Astro-weather, AO perfor-
mance and Instrument simulations and 
exposure time calculator WGs.

Line calibrations (coordinator: Carlos 
Martins)

This WG stems from the strict require-
ments on the precision, accuracy and 

stability of cutting-edge astrophysical 
tests of fundamental physics. One exam-
ple is that currently useful transitions for 
measurements of the fine-structure con-
stant need a laboratory wavelength preci-
sion of 20 m s–1 or better. For the ELT this 
becomes 4 m s–1, implying that many of 
them require improved laboratory meas-
urements. Such improvements are diffi-
cult with current techniques: the natural 
alternative is to use laser frequency 
combs (LFCs).

In 2021 the WG made recommendations 
on ANDES calibration strategies (Martins 
et al., 2021). In summary: 1) ANDES must 
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have a means to verify wavelength cali-
bration stability requirements, including 
non-common path errors; 2) monitor 
novel space and drone-based calibration 
systems for astronomical telescopes; 3) 
redundancy in ANDES calibration sys-
tems is essential — ANDES should 
include an iodine cell (I2 cell); 4) one must 
study whether classical extraction 
schemes are sufficient for ANDES — 
delivering precise and accurate uncer-
tainties must be a top-level requirement 
for the data reduction software; and 5) 
the wavelength range of any calibrator 
systems must fully cover the instrument 
wavelength range.

The WG also recommended that an I2 
cell be installed on ESPRESSO, for a 
twilight calibration programme observing 
bright, fast-rotating stars to explore the 
measurement of non-common path and 
detector effects, how they can be tracked 
with time, and how accurately they can 
be removed. A Use Case Proposal was 
submitted to ESO in November 2021, 
and the corresponding Change Request 
is in progress.

The experiment would have two steps: a 
commissioning run (for two weeks) and  
a monitoring campaign (every two weeks 
for one year and around major events). 
The Big Questions Institute in Sydney has 
funded the hardware. The cell procure-
ment and calibration are ongoing, and it 
will be shipped to Paranal when ready so 
that the experiment can start, provided 
the ESPRESSO LFC is operational.

Instrument simulations and exposure 
time calculator (coordinator: Kieran 
Leschinski)

The sheer size and complexity of the 
ELT and its instruments that mandates 
the use of AO systems in order to 
observe at the diffraction limit, and the 
novel science that the ELT will deliver 
with unprecedented spatial resolution, 
all require a more advanced instrument 
simulator to complement the traditional 
exposure time calculator. 

The observation simulator WG has been 
tasked with creating requirements for a 
micro-service for the ESO observation 
preparation environment which can return 

realistic simulated observations in a 
timely manner. The working title of this 
micro-service is ELVIS, the ELT Virtual 
Instrument Simulator. It will allow users to 
create 1st-order simulations of their pro-
posed observation, as well as providing 
SNR estimates in the output format of the 
chosen observing template. ELVIS will 
not be created from scratch. The instru-
ment consortia have already invested 
time and effort into developing instrument 
data simulators. ELVIS should re-use as 
much of the existing data and code 
bases as possible, while taking advan-
tage of the future micro-services devel-
oped by other WGs, for example TIPTOP, 
Pyxel, Skycalc, etc.

Major recent results from the work pack-
age include: 1) converging on several 
key elements of the project scope and 
its deliverables; 2) the decision to rec-
ommend using the ScopeSim generic 
instrument data simulation ecosystem 
(Leschinski et al., 2020) as the backbone 
of the micro-service; 3) definitions of the 
interfaces with three of the primary 
external micro-services.

Recent benchmark tests have shown that 
there should be no major hurdles with 
implementing the ELVIS micro-service. 
Readers who do not wish to wait for ELVIS 
may start experimenting with ELT obser-
vations by installing the ScopeSim pack-
age in their local python environment.

Detector effects (coordinator: Elizabeth 
George). PyXel detector simulations 
(coordinator: Benoît Serra)

These two closely linked WGs deal with 
detector performance: detector effects 
and advanced detector simulations. 
They are complementary and feed into 
each other.

The goals of the Detector effects WG are 
two-fold: 1) to gather knowledge from 
detector engineers, who through testing 
in the lab can characterise detector 
effects that may impact the science, for 
example, non-linear effects (low count 
rates), electronic cross talk, persistence, 
noise, glow; and 2) have scientists ana-
lyse the impact on their science resulting 
from various detector effects.

The main deliverable is a list of common 
detector effects that can be used as 
inputs into the Instrument simulations  
WG (see above). Additionally, the WG 
provides input to detector groups on a 
detector characterisation plan (based on 
detector effects that may impact the sci-
ence) for each instrument, which includes 
delivery of standard data products for 
each detector that can be used to quan-
tify various detector effects. 

The advanced (Pyxel) detector simulations 
WG has the main deliverables of creating 
simulated detector readouts including all 
of the detector effects that can be used by 
various instrument simulators to quantify 
the impact of detector effects on science 
data and developing pipeline algorithms to 
account for these effects.

The two WGs have made good progress 
towards these goals in the last few years, 
particularly with the H4RG and H2RG 
detectors that will be used in the three 
first-light ELT instruments, HARMONI, 
MICADO, and METIS. 

The Detector Group at ESO has devel-
oped standardised characterisation pro-
cedures and data products for all the  
relevant detector effects in the H4RG 
detectors in MOONS, which will be 
extended and applied to the detectors for 
the ELT instruments. This characterisa-
tion procedure has been submitted as 
part of the final design review data packs 
for MICADO and HARMONI. 

Within ESO’s collaboration with the 
European Space Agency (ESA), we have 
been developing the open-source Pyxel5 
detector simulation framework (Arko et 
al., 2022), which allows full simulation of 
detectors and the possibility of imple-
menting any model the user desires. 
Together with the Pyxel developers at 
ESA, we held a Detector Modelling  
workshop in June 2021, which brought 
together a community of detector engi-
neers and scientists to discuss everything 
from characterising detectors to develop-
ing detector simulators (George et al., 
2021). Finally, this year Pyxel has been 
presented at several conferences (SPIE, 
EIROforum, SDW2022 and next will be the 
CMOS workshop at ESA) with several 
demonstrations of its capabilities. It is now 
possible to create simulated exposures 
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with H2RG or H4RG including a wide vari-
ety of important detector effects using 
Pyxel and to calibrate some of those mod-
els using our laboratory test data.

Persistence modelling (coordinator: 
Mark Neeser)

Persistence is the effect whereby a rem-
nant signal from an exposure is imprinted 
on subsequent images. This effect has 
long been known to affect HgCdTe 
near-IR detectors and, if severe, the per-
sistence artefacts can last from hours to 
several days, negatively affecting the 
quality of subsequent observations.  
An example of persistence, intentionally 
caused within calibration data obtained 
during ERIS commissioning, is shown in 
Figure 4. It is hypothesised that persis-
tence is caused by defects and/or impuri-
ties within the HgCdTe strata of near-IR 
detectors. These defects provide sites 
where light-induced charges are trapped. 
These trapped charges are generally not 
released during the detector read but 
instead randomly decay during subse-
quent exposures and thereby mimic 
newly received photo-charge (Smith et 
al., 2008; Leisenring et al., 2016; Tulloch 
et al., 2019).

The goal of the Persistence WG is to 
develop an algorithm and observing 
strategy for limiting and correcting persis-
tence effects in science data (see Neeser, 
2021 for a detailed description). We 
intend to obtain a deep understanding of 
how persistence behaves in each new 
ESO IR detector. This will be done in the 
laboratory by the ESO Detector Group fol-

lowing a well-defined series of tests. Spe-
cifically, this will provide us with a map of 
the maximum number of persistence traps 
available in each pixel, the fraction of inci-
dent photons that can be converted to 
persistence traps, and a table of the time 
constants used to characterise the detec-
tor and the relative contribution that each 
makes to the distribution of persistence 
traps. A method has been developed to 
reliably and automatically create persis-
tence maps that can be used to correct 
any given science exposure. 

Using the characterisation data and 
parameters for each near-IR detector, a 
model for persistence is used to track the 
accumulation and decay of persistence 
traps affecting any input science expo-
sure. These traps are tracked through a 
series of exposures taken prior to correc-
tion of the science frame and a cumula-
tive persistence map is computed for the 
science frame. Since the data analysed 
for persistence can be proprietary, this 
analysis must be done by the ESO 
Quality Control Group in Vitacura. 

The goal is to compute a persistence map 
for each science exposure and to ingest it 
into the ESO archive as an associated cali-
bration frame. Since persistence is a rare 
event, we expect that most maps will con-
tain no significant persistence signal. A 
blind correction of each science frame for 
persistence would, therefore, only add 
noise to the image. Because of this, the 
subtraction of a persistence map will have 
to be left to the user. Refining the strategy 
for this has been helped by the lessons 
learned during ERIS/SPIFFIER and ERIS/
NIX commissioning. 
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Links

1  ELT website: https://elt.eso.org
2  GAIA catalogue: https://gea.esac.esa.int/archive/
3  TIPTOP: https://tiptop.readthedocs.io/en/dev/
4  Subgroup report on PSFR algorithms: https://eso.

org/wiki/pub/ELTScience/PSF_reconstruction/
ESO_WG_-_PSFR_Algorithms_BeltramoMartin.pdf

5  Pyxel simulation framework: https://esa.gitlab.io/
pyxel/

Notes

a  Paolo Padovani: ppadovan@eso.org;  
Michele Cirasuolo: mciras@eso.org

b  Until February 2022 the Guide/AO stars WG was 
lead by Remco van der Burg.
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