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ABSTRACT

Detector persistence is a significant source of systematic error in infrared observations and affects the scientific performance of the Euclid Near
Infrared Spectrometer and Photometer (NISP). We characterise persistence using complementary ground calibration and in-flight data, develop
empirical models of its temporal evolution, and assess its impact on science observations and the Euclid data-processing pipeline. Persistence is
highly non-uniform across the focal plane, with variations of up to two orders of magnitude between and within detectors. Its amplitude is typically
below 1% of the stimulus signal and depends nonlinearly on the preceding fluence. The decay rate is faster for brighter sources. During mission
operations, the persistence signal has progressively decreased by roughly 10%, while the decay rate has remained approximately stable. Persistence
following over-saturating signals does not follow the empirical relations derived for under-saturating fluences and plausibly reduces persistence
response over longer timescales. The impact of charge trapping and release on flat-field observations and on the background in science exposures
is also discussed. Persistence measured in science observations is observed to differ systematically from that derived from dark calibration data.
In addition, persistence of energetic particle hits is observed to be different from that of astronomical sources of comparable signal. Finally, we
discuss the impact of persistence on Euclid NISP observations and describe the masking strategy adopted for the Q1 abd DR1 releases, focusing
on identifying which pixels are affected by persistence and for how long they should be excluded from science observations.
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1. Introduction

Persistence is a well-known systematic effect affecting Source
Follower HgCdTe infrared detectors (i.e. an array of N × N
photosensitive pixels) used in astronomy, whereby residual sig-
nal from prior illumination contaminates subsequent exposures.
This signal, typically nonlinear and often significantly larger
than the nominal dark current, can persist over timescales of
several hours. The phenomenon is generally attributed to de-
fects and impurities in the semiconductor material, which in-
troduce localized energy states within the bandgap that act as
carrier traps. It is not clear though how many trap species con-
tribute under which conditions to the persistence effect. We as-
sume for the Euclid H2RGs a wide range of release timescales. A
widely used phenomenological framework attributes the effect to
charge trapping and release within the pixel, modelled as a pho-
todiode with a variable depletion region (Smith et al. 2008a,b).
Three-dimensional trap density maps obtained for James Webb
Space Telescope H2RG1 detectors show that traps are not uni-
formly distributed throughout the depletion region (Anderson
et al. 2014). Subsequent studies have characterised the persis-
tence amplitude and decay as functions of flux, fluence, or soak
time, i.e. the time over which a given charge remains in the pixel.

From an observational standpoint, persistence is typically
described phenomenologically as a long-lived, illumination-
dependent signal affecting subsequent exposures. Both exponen-

1 The H2RG detector belongs to the HAWAII family of HgCdTe in-
frared detector arrays, with HAWAII standing for HgCdTe Astronom-
ical Wide Area Infrared Imager. In the HxRG nomenclature, H de-
notes HAWAII, x=1, 2, 4 corresponds to 1024× 1024, 2048× 2048 or
4096× 4096 pixels, respectively, while R and G denote reference pixels
and guide-window capability.

tial (Serra et al. 2015; Tulloch et al. 2019; Mosby et al. 2020) and
power-law (Long et al. 2012; Long et al. 2015) decay models
have been proposed, the latter suggesting a broad distribution of
trapping timescales. While such empirical descriptions are suffi-
cient for calibration purposes, they do not provide direct insight
into the underlying physical mechanisms, which remain an open
question.

Persistence introduces memory effects in the data, imprinting
previous exposures onto subsequent images and thereby compli-
cating both calibration and data reduction. Under nominal ob-
serving conditions, any perturbation of the detector – such as
illumination, reverse bias variations, or saturation – can induce
persistence. Its long characteristic decay time makes calibra-
tion particularly challenging, since measurements may require
hours or even days to return to equilibrium. Unlike dark current,
for which standardised calibration procedures exist across mis-
sions, persistence lacks a unified framework; calibration strate-
gies must therefore be tailored to the specific scientific objec-
tives and operational constraints of each instrument. As a result,
persistence affects multiple aspects of instrument operation, in-
cluding calibration planning, observing strategies, and data pro-
cessing pipelines.

The aim of this paper is to summarise the efforts undertaken
by the authors within the Euclid mission to characterise and cal-
ibrate persistence, and to describe the data reduction pipeline
developed to mitigate its impact on the science data. We intro-
duce a phenomenological model for long-lived persistence sig-
nals, calibrated using both ground-based characterisation data
and in-flight observations, and we discuss its domain of appli-
cability. We also briefly examine the observed persistence be-
haviour under various observing conditions in the context of ex-
isting models. A detailed physical interpretation, however, is be-
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yond the scope of this work, since limited information is avail-
able on detector architecture, material composition, and fabrica-
tion processes, all of which may significantly influence persis-
tence properties.

The paper is organised as follows. In Sect. 2 we describe
the Euclid observing sequence and readout modes, which set the
framework for persistence calibration and masking. In Sect. 3 we
present the data sets used for characterisation, including ground-
based and in-flight calibration data, as well as nominal obser-
vations. In Sect. 4 we introduce the phenomenological model
of persistence decay. Owing to differences in data acquisition,
we adopt two complementary parameterisations based on ground
and in-flight data (Sect. 4.1). We then describe the spatial distri-
bution of persistence across the focal plane (Sect. 4.2), and its
dependence on prior signal level (Sect. 4.3) and time (Sect. 4.4).
The effects of strong saturation (Sect. 4.5) and the impact of
persistence on flat-field stability (Sect. 4.6) are also discussed.
In Sect. 4.7 we compare persistence measured in calibration
data with that observed in nominal conditions, including con-
tributions from astrophysical sources and energetic particle hits
(EPHs), and we assess its impact on background estimation. The
limitations of the model are summarised in Sect. 4.8. Finally,
in Sect. 5, we describe its implementation in the data reduction
pipelines, including the processing adopted for the Q1 and DR1
releases (Sect. 5.1) and subsequent optimisations (Sect. 5.2), be-
fore concluding in Sect. 6.

2. NISP observing sequence and detector readout

During Euclid’s nominal survey, NISP continuously scans the
sky following a predefined Reference Observation Sequence
(ROS, Euclid Collaboration: Scaramella et al. 2022). Each ROS
covers an area of 0.53 deg 2 through four nearby pointings of
a given field and consists of four dithers, each lasting approx-
imately 15 minutes. Within each dither, a spectroscopic expo-
sure of about 9 minutes is obtained using two grisms covering
the 1206–1892 nm wavelength range. The grisms are mounted
on a grism wheel and have dispersion directions differing by
180◦. In addition, the grism wheel is tilted by 4◦ during the
observation sequence, resulting in four distinct dispersion ori-
entations for each observation (Euclid Collaboration: Schirmer
et al. 2022; Euclid Collaboration: Jahnke et al. 2025; Euclid
Collaboration: Gillard et al. 2026). Each spectroscopic exposure
is followed by three photometric exposures of approximately 2
minutes each, obtained sequentially through the JE (1168–1567
nm), HE (1522–2021 nm), and YE (950–1212 nm) filters, which
are mounted on a filter wheel. During nominal survey observa-
tions, the NISP instrument operates in two predefined readout
modes, optimised for spectroscopic and photometric measure-
ments, respectively (Euclid Collaboration: Jahnke et al. 2025).
In both modes, the detectors measure the signal using the multi-
accumulation (MACC) sampling. An exposure begins with a re-
set frame and then the signal is sampled up-the-ramp with ng
groups of nf averaged frames. The groups are separated by nd
dropped frames (see figure 2 in Euclid Collaboration: Kubik
et al. 2026). The readout time of a single frame is tfr = 1.45408 s.
The spectroscopic mode uses MACC(ng=15, nf=16, nd=11), re-
sulting in a total exposure time of 574.4 s (549.6 s integration
time). The photometric mode employs MACC(4,16,4) with a to-
tal exposure time of 112.0 s and integration time of 87.2 s (for de-
tails, see table 1 in Euclid Collaboration: Kubik et al. 2026). The
signal accumulated in a given pixel during an exposure is esti-
mated from the MACC samples using an algorithm implemented
in the on-board electronics (Kubik et al. 2016). This algorithm

simultaneously estimates the signal and evaluates the goodness
of fit, quantified by the quality factor (QF), which enables the
identification of anomalies occurring during the integration, such
as EPH hits. These observing schemes, together with the signal
estimation algorithm, determine the temporal sampling of the
persistence signal and introduce an effective temporal averaging
through the signal-estimation process.

3. Data and terminology

In this paper we use a combination of ground calibration mea-
surements and in-flight calibration data sets to characterise the
persistence properties of the detectors over a wide range of il-
lumination levels and wavelengths, and to monitor the persis-
tence behaviour over time. All data sets used in this work are
summarised in Table 1, where the most relevant observational
parameters are listed together with references to the sections in
which each data set is used in the analysis.

3.1. Terminology

Throughout this work, the exposure responsible for generating
persistence in subsequent exposures is referred to as the ‘source
exposure’. The ‘fluence’ denotes the total integrated charge ac-
cumulated during an exposure (in electrons or ADU), whereas
the ‘flux’ is defined as the fluence divided by the integration
time. The quantities ‘stimulus fluence’ and ‘stimulus flux’ re-
fer specifically to the fluence and flux of the source exposure,
regardless of whether that exposure is a flat-field or a nominal
science observation.

The exposure in which the persistence signal is evaluated is
referred to as the ‘target exposure’. In practical applications, the
target exposure is the frame for which the persistence contribu-
tion is estimated and subsequently masked.

In this work, the persistence charge P accumulated during a
target exposure is defined as the integral of the persistence cur-
rent IP over the exposure integration time. All quoted values of
P are computed assuming the photometric integration time. For
spectroscopic exposures, the corresponding persistence charge
must be rescaled to account for the different integration time.

In this analysis, we consider persistence on a per-pixel ba-
sis in electrons or in ADU, as this is the relevant criterion for
determining whether individual pixels should be masked due to
persistence effects and, consequently, for assessing their impact
on the total number of operable pixels as discussed in Euclid
Collaboration: Polenta et al. (2026a).

3.2. Ground calibration data – TV1

Ground calibration data from the Thermal Vacuum (TV1) cam-
paign, presented in Euclid Collaboration: Kubik et al. (2026),
were used to characterise the persistence response over a wide
range of fluences. Fluence levels range from 5 to 100 ke− below
saturation, complemented by two additional fluences of 300 and
400 ke−, well above the pixel full-well capacity of approximately
130 ke−.

For fluence levels below saturation, the persistence current
was measured during a dark exposure sampled up-the-ramp with
276 frames, UTR(276), following a flat-field exposure sampled
with 76 frames, UTR(76). For the two oversaturated fluence lev-
els, the persistence current was likewise measured during a dark
exposure in UTR(276), but following a longer flat-field expo-
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Table 1. Scientific objectives of the data sets used in this work. The table lists the most relevant observational parameters and references to the
sections where each data set is used in the analysis. In the table, "all" means a measurement at each of the five calibration LED wavelengths,
939 nm, 1157 nm, 1467 nm, 1735 nm, and 1873 nm.

Data set Date Periodicity LED Fluence Flux Primary objective Sections
[ke−] [e−s−1]

TV1 2019 - 1467 nm 5–400 60–740 persistence modelling 4.3, 4.5
PV-010 2023 - all 8–64 90–730 flat-field stabilisation 4.6
PV-016 2023 - 1873 nm 20–100 230–1150 persistence calibration 4.3, 4.4
F-007 2024 monthly all 8 90 persistence monitoring 4.4
F-018 2025 monthly 1873 nm 60 690 persistence monitoring 4.4
SkyPatch 38 2024 - - - - persistence in science data 4.7

sure in UTR(394). At each fluence level, the measurement was
repeated in 15 consecutive realisations.

3.3. Flight calibration data

In-flight calibration data sets complement the ground measure-
ments by probing persistence behaviour under operational con-
ditions. In this work we use calibration data acquired during
the performance verification phase (PV, Euclid Collaboration:
Schirmer et al. 2026) and during the nominal operation flight
phase (F, Euclid Collaboration: Mellier et al. 2025).

PV-010 The PV-010 observations were performed in Septem-
ber 2023. For each of the five LEDs, labelled A (939 nm), B
(1157 nm), C (1467 nm), D (1735 nm), and E (1873 nm), (Euclid
Collaboration: Hormuth et al. 2025), a sequence of five fluence
levels in flat-field illumination time was applied, with fluence
progressively increasing from 8 to 64 ke− (8, 18, 32, 50, 64 ke−).
For each fluence, the flux level was maintained constant for ap-
proximately one hour, during which 30 exposures were acquired
in photometric readout mode. In this work we use these flat-field
exposures at each LED wavelength and fluence level to evaluate
the impact of charge trapping on the flat-field stabilisation.

PV-016 The PV-016 data were obtained in September 2023.
This data set consists of persistence measurements acquired for
fluence levels of 20, 40, 60, 80, and 100 ke−, applied in in-
creasing order. Illumination was provided using LED E. Af-
ter each fluence level, persistence decay was sampled using a
sequence of dark exposures. The first five exposures were ac-
quired in photometric readout mode MACC(4,16,4) with an ex-
posure time of texp = 112.0 s. The subsequent ten exposures were
obtained in spectroscopic readout mode MACC(15,16,11) with
texp = 574.4 s. This sequence samples the decay over a total dura-
tion of approximately 1 h 40 min for the first four fluence levels,
extending up to 5 h for the highest fluence level.

F-007 The F-007 observations have been performed monthly
since March 2024. Although these observations were not specif-
ically designed to monitor persistence, this data set provides reg-
ular measurements of persistence amplitude during survey op-
erations. For each LED (A–E), a single fluence level of 8 ke−
is applied, and probed in a sequence of 30 exposures acquired
in photometric readout mode. The full flat-field sequence is fol-
lowed by approximately 4.5 h of dark exposures in spectroscopic
readout mode. In this work, only the first dark exposure follow-

ing each flat-field sequence is used to track the evolution of per-
sistence amplitude during the survey.

F-018 The F-018 data set comprises repeated persistence mea-
surements collected monthly since March 2025. Each sequence
begins with an illumination at a fluence level of 60 ke− using
LED E, followed by a dark phase lasting approximately 50 min-
utes. The decay is sampled using dark exposures obtained in
photometric readout mode for the first five exposures, followed
by four spectroscopic exposures. Each month, the full sequence
– consisting of flat-field illumination and dark exposures – is
performed twice consecutively.

3.4. Flight nominal data – SkyPatch38

SkyPatch38 consists of 43 observations obtained in the Euclid
Deep Field North (EDF-N, Euclid Collaboration: Mellier et al.
2025) between 2024-06-12 and 2024-06-14. These exposures
were affected by enhanced EPH showers associated with ele-
vated solar activity. This data set provides a test case to charac-
terise persistence induced by different sources, including stars,
galaxies, and EPHs and enables a direct comparison of persis-
tence measured directly on science data with the persistence
model based on calibration observations.

4. Persistence calibration

4.1. Data processing and parameterisation

Ground parameterisation During the ground calibration cam-
paign, persistence was modelled using full UTR sequences con-
sisting of 296 non-destructive readouts that were acquired. The
ramps were sampled over approximately 7 minutes with a tem-
poral resolution of tfr = 1.45408 s, enabling a detailed char-
acterisation of the persistence evolution as a function of time.
The temporal evolution of the persistent current, IP was parame-
terised using an empirical model that provided the best fit to the
experimental data as

IP(S , t) = α(S )
(

τ

t − t0 + τ

)β(S )

, (1)

where α is the initial persistence current amplitude after a signal
S , t0 corresponds to the moment when the stimulus ends and the
pixel is reset to its baseline level, and β describes the temporal
decay of the persistence current. The parameter τ is introduced
to prevent a divergence at t = t0 and effectively accounts for the
∼ 10 µsec delay between the end of the illumination and reset of
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the pixel. The persistence parameters α and β were calibrated by
fitting the time integral of Eq. (1) to the accumulating persistence
signal over the exposure duration at each fluence level S (Kubik
et al. 2024).

Flight parameterisation In contrast to the ground data, per-
sistence measurements in flight are obtained from signals inte-
grated over individual exposures, as described in Kubik et al.
(2016) and Euclid Collaboration: Kubik et al. (2026), rather than
from all the accessible frames in UTR sampling. Typically, the
first five dark exposures are acquired using photometric read-
out mode with texp = 112.0 s, while the remaining exposures
are taken using spectroscopic readout mode with texp = 574.4 s.
This acquisition scheme makes the measurement less sensitive
to fast persistence components, while providing a more precise
characterisation of the long-term decay. Consequently, the model
derived from in-flight calibration adopts a simplified functional
form compared to the ground-based model,

IP(S , t) = α̃(S ) (t − t̃0)−β̃(S ) , (2)

where α̃ and β̃ denote the initial persistence current amplitude
and the decay index, respectively, t̃0 is the midpoint of the source
exposure. The tildes emphasise that these coefficients are not
directly comparable to those obtained from ground-based mea-
surements, due to differences in the data acquisition scheme and
the adopted parameterisation. Ground measurements provide
higher precision and temporal resolution, but primarily probe
only the fast component (around 7 minutes) of the persistence
decay, whereas the in-flight data allow the evolution of the per-
sistence signal to be tracked over longer time scales (around 1
hour) but with lower temporal resolution.

4.2. Intra-detector regions

The persistence response to a given signal S is highly inhomo-
geneous, varying across detectors and even between individual
pixels within a single detector, and spanning several orders of
magnitude. The spatial distribution of persistence across the de-
tector arrays is illustrated in Fig. 1. In most of the detectors, per-
sistence is not spatially uniform. Several detectors exhibit highly
contrasted spatial patterns, with areas showing high levels of per-
sistence relative to the rest of the array. These regions frequently
display a semi-circular morphology, which is especially promi-
nent in detectors 11, 14, 21, 24, 31, 34, or 44. The remaining
detectors show irregular spatial structures, while detector 41 ap-
pears largely homogeneous.

To analyze persistence within each detector, we bin the am-
plitude of the first dark exposure acquired after a flat-field of
60 ke− in the F-018 data set into a histrogram, as shown in the
upper panel of Fig. 2, and smooth with a gaussian filter to re-
duce noise. In many detectors the histrogram has a well defined
minimum between the two peaks which define a low persistence
region (LPR) and a high persistence region (HPR). Examples of
the spatially distribution of the LPR and HPR are shown in the
lower panels of Fig. 2.

A region is not necessarily spatially connected. Since regions
are defined by similarity in persistence amplitude rather than ge-
ometric continuity, they may have irregular shapes and consist
of multiple disconnected components. Persistence is measured,
modelled and applied to the flight data for each pixel. Pixels
within the LPR or HPR behave similarly, so for clarity of presen-
tation, the median persistence values are used for the following
discussion.

4.3. Signal dependence

4.3.1. Persistence amplitude – signal dependence

The signal dependence of the initial persistence amplitude is il-
lustrated in Fig. A.1, where the initial persistence amplitudes α
and α̃, derived from ground and in-flight calibration data sets,
TV1 and PV-016, respectively, are shown as a function of the
preceding fluence level. This dependence, for non-saturating
sources, can be described as

α(S ) =
(
aα + bα10−5S

) [
1 − exp

(
−

10−5S
cα

)]
, (3)

where aα, bα, and cα are empirical parameters determined from
calibration data and should not be assigned any physical inter-
pretation. This formulation captures the nonlinear increase of
the initial persistence amplitude with increasing fluence. Fits of
Eq. (3) to below-saturation TV1 and PV-016 data sets are also
shown. The best-fit parameter values are strongly correlated and
are provided for reference only.

A direct quantitative comparison between α and α̃ is not
straightforward because of differences in the data acquisition
schemes and processing procedures (see Sect. 4.1). Neverthe-
less, despite these formal and methodological differences, both
data sets exhibit qualitatively similar trends in the dependence
of the initial persistence amplitude on the preceding illumina-
tion. This increase of the initial persistence amplitude with the
preceding stimulus S is commonly interpreted as a consequence
of the expanding depletion region exposing a growing number
of traps as the signal increases (Smith et al. 2008a; Long et al.
2013). The observed nonlinearity of the increase may reflect a
lower trap density near the boundary of the depleted volume, a
nonlinear dependence of depletion depth on fluence, or a combi-
nation of both effects.

4.3.2. Persistence decay rate – signal dependence

The signal dependence of the persistence decay rate is illus-
trated in Fig. A.2, where the decay indices β and β̃, derived
from ground and in-flight calibration data sets (TV1 and PV-
016, respectively) are shown as a function of the preceding flu-
ence level. In both cases, the data exhibit the ‘brighter–faster’
effect, whereby persistence induced by higher fluence decays
more rapidly than persistence generated by weaker stimuli. This
dependence can be described by

β(S ) = aβ

(
1 +

S
bβ

)cβ

, (4)

where aβ, bβ, and cβ are empirical parameters and, as in the case
of aα, bα, and cα, should not be interpreted as having any phys-
ical significance. Although a direct quantitative comparison be-
tween β and β̃ is complicated (see Sect. 4.1), the values of the
decay indices derived from the two data sets show substantially
better agreement than the corresponding initial amplitudes. The
variation of the decay index with source fluences ranging from
20 to 80 ke− is approximately 13% in HPRs and 35% in LPRs.
On a detector-by-detector basis, this variation ranges from about
10% to 30% in HPRs and from 15% to 45% in LPRs.

In addition to the signal dependence, systematic differences
are observed between HPR and LPR. For a given stimulus ampli-
tude, the decay slopes in HPRs are generally steeper than those
in LPRs. Since the preceding fluence level is the same in both re-
gions, this difference cannot be attributed to the brighter–faster
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Fig. 1. Persistence structures across detectors following a flat-field exposure of approximately 60 ke− for DCL (top left panel), TV1 (top right
panel), PV-016 (bottom left panel) and F-018 (bottom right panel) data sets. Each detector has a size of 2048 × 2048 photosensitive pixels. P/S is
the persistence signal P accumulated over the photometric readout time (87.2 sec) divided by the integrated fluence S .

effect. Instead, it likely reflects intrinsic differences in the per-
sistence properties of the detector material, possibly related to
variations in the trap density.

While the dependence of the initial persistence amplitude on
the preceding fluence is intuitive, the dependence of the decay
index β on stimulus amplitude is less straightforward. Although
our results show an increase of β with stimulus flux, correspond-
ing to a steeper decay at higher fluence, earlier studies report an
approximately invariant decay shape with stimulus amplitude for
unsaturated exposures (Smith et al. 2008b). Moreover, because
β ≤ 1 implies a divergent total released charge as t → ∞, the
adopted parameterisation must be interpreted as valid only over
a finite time interval.

4.4. Differences between ground tests and in flight
characterisation

4.4.1. Persistence amplitudes – time evolution

Figure 1 shows snapshots of the persistence signal measured at
different stages of the mission, comparing ground-based cali-
bration data with in-flight observations. In addition to the TV1

data set, the figure includes a snapshot obtained during accep-
tance testing at Detector Characterisation Laboratory (DCL) at
NASA/GSFC in 20172. The corresponding operating temper-
atures were approximately 100 K for the DCL measurements,
87 K for TV1, and 95 K for the in-flight measurements (PV-016
and F-018 data sets).

A direct quantitative comparison between the DCL data set
and the other data sets is not straightforward because of differ-
ences in the data acquisition procedures. In particular, the illumi-
nation timescale differs significantly: a fluence of 60 ke− was de-
livered over 560 s during DCL testing, compared with 110 s for
the TV1 and in-flight measurements. The temporal sampling of
the subsequent dark exposures also differs, with frames acquired

2 The DCL acceptance-test data set, acquired in 2017, combines mea-
surements from six independent tests, each involving four detectors.
The measurements were performed at an operating temperature of ap-
proximately 100 K. A fluence of 60 ke− was delivered over 560 s during
these tests. The subsequent dark exposures were sampled at 60 s inter-
vals over a total duration of 10 minutes. To ensure a more consistent
comparison with the TV1 and in-flight datasets, only the first three dark
frames were used to estimate the persistence current over a comparable
exposure time.
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Fig. 2. Top panels: Distribution of persistence amplitudes used to iden-
tify HPR and LPR in the detectors in the F-018 data set. Bottom panels:
Spatial distributions of intra-detector regions. HPRs are shown in red,
LPRs in blue. A sharp semicircular HPR is seen in DET11, while irreg-
ular regions are seen in DET23.

Fig. 3. Per pixel distributions of P/S after a prior fluence S of 60 ke− in
flat-field illumination measured in PV-016 (2023) and in F-018 (2025).

at 60 s intervals for DCL, compared with a cadence of 1.45 s for
the other data sets. Nevertheless, the comparison provides useful
insight into the evolution of the persistence behaviour. For com-
parable flat-field illumination levels of approximately 60 ke−, the
persistence amplitudes measured during TV1 are systematically
lower than those observed during the PV phase in September
2023, at the beginning of the survey. This difference can be at-
tributed, at least in part, to the different operating temperatures.
The persistence in PV-016 data set is more consistent with the
results obtained during acceptance tests at DCL – both data sets
were collected at temperatures of approximately 95 and 100 K,
respectively, while the TV1 measurement was performed at a
temperature of 87 K. This clearly indicates that the operating

temperature plays a significant role in determining the amplitude
of persistence.

The comparison of the two bottom panels of Fig. 1 further
indicates that the persistence level decreased over the course of
the mission. In the F-018 calibration data set (March 2025), the
persistence response following a flat-field exposure comparable
to that used in PV-016 is reduced and approaches the levels mea-
sured during ground calibrations. At the same time, the mean
flat-field signal differs by approximately 3% between PV-016
and F-018. Figure 3 presents the distributions of the ratio P/S
measured after a prior fluence of S = 60 ke− under flat-field illu-
mination for PV-016 (2023) and F-018 (2025). On average, we
observe a reduction in P/S of approximately 37% in the HPRs
and 59% in the LPRs between the PV-016 and F-018 measure-
ments. The decrease varies across detectors, ranging from 25%
to 55% in the HPRs and from 55% to 80% in the LPRs.

To investigate whether the transition between 2023 and 2025
is smooth or abrupt, we analysed the F-007 calibration data, con-
sisting of dark frames acquired after a series of flat-field expo-
sures at 8 ke− (90 e− s−1 in photometric readout mode). Although
these observations were not specifically designed to monitor per-
sistence, they provide a useful proxy for tracking its temporal
evolution. Figure 4 presents the distribution of the persistence
response in the monthly F-007 data sets. A clear decrease with
time is observed, indicating that the transition between 2023 and
2025 is gradual rather than abrupt. Figure A.3 shows the me-
dian persistence signal computed for both HPRs and LPRs nor-
malised to the first observation in March 2024. The figure also
includes the temporal evolution of the median flat-field varia-
tion over the same period. In contrast to the flat-field signal,
which varies by only about 3% over the same time range and
shows no appreciable difference between HPRs and LPRs, the
initial persistence amplitude exhibits a substantially stronger de-
pendence with time. On average, it decreases by approximately
10% in HPRs and 25% in LPRs. For individual detectors, the
observed variation spans 3–25% in HPRs and 12–43% in LPRs.
This differential behaviour complicates the interpretation of the
temporal evolution and adds additional challenges for modelling
persistence. A direct quantitative comparison of the persistence
measured in PV-016 (and F-018 during the nominal mission)
with that measured in F-007 is, however, not straightforward,
since the data sets were acquired using different fluences and the
persistence response depends on the applied stimulus. Neverthe-
less, both F-018 and F-007 independently show a decrease in
persistence over time, although at different rates.

Despite temporal variations in amplitude, the spatial mor-
phology of the persistence regions remains remarkably stable
between ground and in-flight measurements. Only small-scale
differences are observed, as illustrated in Fig. 5. In particular,
the F-007 data set (March 2024) reveals narrow, elongated re-
gions of reduced persistence, which were not observed during
ground characterisation. Similar structures are already visible in
the PV-016 data set (2023), indicating that they did not appear
exclusively after the beginning of the nominal mission. How-
ever, we cannot determine precisely when these structures first
appeared or what caused their evolution between TV1 and PV-
016. Furthermore, these structures are not stable over time. Sim-
ilar structures are also present in the F-018 (2025) data set, al-
though not necessarily at the same detector locations. The com-
parison between PV-016 and F-018 data sets indicates that some
traces disappear while others reappear, and their overall number
increases. As the mission progresses, these narrow, elongated re-
gions also become increasingly diffuse and extend over a larger
fraction of the detector. These features are likely linked to prior
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saturation events. Given their orientation, the elongated traces
of reduced persistence are most probably associated to previous
spectroscopic exposures that drove pixels into oversaturation.
The diffuse regions of reduced persistence may result from re-
peated saturation episodes, such as those induced by bright stars,
which could progressively modify the persistence response. Al-
though this interpretation remains speculative, it is consistent
with trends observed during ground characterisation, which indi-
cate that oversaturation can reduce the persistence response over
time (see Sect. 4.5.2 for details).

4.4.2. Persistence decay rate – time evolution

The modification of the persistence decay index over time is
shown in Fig. A.4. The difference between the decay index β̃
derived from data sets acquired in 2023 (PV-016) and 2025 (F-
018), following a 60 ke− flat-field, is below 5%. A slightly larger
variation is observed in LPRs (around 5%) than in HPRs (around
2%). Overall, the decay indices β̃ measured in 2025 are system-
atically lower than those obtained in 2023, indicating a slower
decay. The difference between the ground-based decay index β
and the in-flight value β̃, is more likely attributable to differences
in data sampling (as discussed in Sects. 4.1 and 4.3.2) rather than
to a temporal evolution of the persistence properties.

4.5. Persistence after saturation

4.5.1. Persistence of over-saturation signals

The persistence response of the detectors to highly saturating
stimuli was partially characterised during ground calibrations
and can also be inferred indirectly from in-flight data. These ob-
servations indicate that the persistence behaviour above satura-
tion differs significantly from that observed for sub-saturation
stimuli.

One of the most notable effects is a reversal of the relative
persistence amplitudes between the HPR and LPR compared to
the behaviour observed for sub-saturation fluence. This effect is
illustrated in Fig. 6, which shows persistence maps following a
stimulus close to, but below, saturation (top) and after a stim-
ulus exceeding the saturation level (bottom). For several detec-
tors, regions that exhibit higher persistence than the rest of the
array after sub-saturation flat-field exposures show the opposite
behaviour after highly saturating fluence. In these regions, the
persistence signal becomes lower than in the surrounding pixels,
effectively reversing the contrast pattern. In short, LPRs become
HPRs and HPRs become LPRs. Detector 41 exhibits a differ-
ent trend: for sub-saturation stimuli it shows relatively low and
spatially homogeneous persistence, whereas after a highly satu-
rating flat-field a distinct semicircular region of enhanced persis-
tence emerges.

The evolution of the persistence response with increasing
flat-field levels, including over-saturating fluences, is shown in
Fig. A.5. Each detector follows a different relation and no stan-
dard behaviour is observed. In some low-persistence detectors
(interpreted as detectors with less active traps) little evolution
of P/S is observed below saturation, while a strong increase in
persistence is observed above saturation. Traps have not been
‘saturated’, rather the number of accessible or active traps has
increased. In high-persistence detectors, with many active traps,
the ratio P/S continues to decrease for fluxes above saturation,
as if there were a saturation effect.

Furthermore, the initial persistence amplitude, α, and the de-
cay index, β, measured following highly saturating stimuli devi-

ate from the empirical relations derived for sub-saturation flat-
field exposures (Eqs. 3 and 4, respectively), as illustrated in
Figs. A.1 and A.2. In most cases, α after over-saturation ex-
ceeds the value predicted by extrapolation of the low-fluence
model. In addition, the contrast between LPRs and HPRs is sig-
nificantly reduced, although the amplitudes do not converge to-
wards a common asymptotic value with increasing fluence. On
the other hand, the decay index after over-saturation becomes
shallower than predicted for HPRs and steeper than predicted
for LPRs, leading to a reduced difference in the power-law index
between the regions.

These results indicate that the persistence response after flu-
ences above saturation differs fundamentally from that observed
at lower fluence levels, suggesting that additional physical pro-
cesses contribute to persistence when the detector is driven be-
yond its full-well capacity. At present, we are unable to identify
the underlying cause of this behaviour.

4.5.2. Long term impact of over-saturation signals on
persistence response

A prior saturation event alters the subsequent persistence be-
haviour of the detectors, leading to a reduced persistence re-
sponse that remains observable over timescales of several days.
This effect is illustrated in Fig. 7, which compares persistence
measured after the same 70 ke− flat-field stimulus under two
conditions during ground tests. The first measurement, P1, was
obtained before any saturation event, following a week of sub-
saturation fluence after cooldown. The second measurement, P2,
was acquired 8 hours after an over-saturation to 400 ke−. Eight
hours after the saturation event, the persistence amplitude is re-
duced by approximately 40 % on average.

Consistent trends are observed in the in-flight data, as com-
mented in Sect. 4.4.1. In the F-018 data set, persistence ampli-
tudes are lower than those measured during the PV phase likely
reflecting repeated exposure of pixels to saturation events dur-
ing operations. These results indicate that over-saturation in-
duces long-lasting changes in persistence, potentially lasting for
months with little temporal evolution. Consequently, modelling
persistence requires accounting for prior saturation history, or
recalibrating persistence after oversaturations.

4.6. Impact of persistence on the stabilisation of flat-fields

When the fluence level changes – either from higher to lower
fluence or from lower to higher fluence – the pixel response re-
quires some time to reach a steady state, defined as the regime in
which, under constant external illumination, the measured signal
remains stable within the limits of statistical noise. In contrast, a
non–steady-state regime corresponds to a situation in which, de-
spite constant external flux, the measured signal systematically
evolves with time, exhibiting either an increase or a decrease that
cannot be attributed to statistical fluctuations.

To quantify the magnitude of this effect, we analysed PV-
010 data in which the detectors were exposed to a sequence of
constant fluence levels ranging from 8 to 64 ke− in flat-field
illumination at several wavelengths using five LEDs (see Sect.
3.3). For each configuration, 30 photometric exposures were ac-
quired over approximately one hour. We then evaluated the ratio
S 0/S∞ between the initial signal S 0, measured immediately af-
ter a change in fluence level, and the corresponding steady-state
signal S∞, computed as the average signal over the last ten ex-
posures.
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Fig. 5. First dark frame following a 90 e− s−1 flat (F-007) for DET11.
Left: March 2024. Right: March 2026. In the earlier data, narrow elon-
gated structures are visible in the persistence signal, showing signifi-
cantly lower amplitude than the surrounding pixels. In the later data,
broader diffuse regions of reduced persistence appear. The semicircular
region of enhanced persistence remains visible in both epochs.

Fig. 6. Persistence after a stimulus of 100 ke− – close to but below pixel
saturation (top panel) and after a stimulus 280 ke− – well above the pixel
saturation (bottom panel). This is for the TV1 data set.

As shown in Fig. A.6, the detector response reaches a stable
level, within 1%, within at most 10 minutes, for all tested flux
levels and LED wavelengths. The stabilization timescale may
depend on the flux level, particularly during the first few min-
utes, but this dependence does not affect the overall 10-minute
timescale for reaching a stable response. HPRs exhibit larger
variations than LPRs, with a maximum initial difference of about

Fig. 7. Ratio of initial persistence amplitudes P2/P1 measured after
a fluence of 70 ke− in flat-field illumination (TV1 data set). The first
measurement, P1, was made before any saturation – detectors were un-
der various illuminations but always below saturation for a week after
cooling down. The second measurement, P2, was made 8 hours after an
over-saturation to 400 ke−.

3% between the initial and stabilised signals. The largest devia-
tions in S 0/S∞, of order 3%, are observed in detectors with the
highest persistence (13, 14, and 44) within their HPRs, whereas
in most cases the effect remains below 1%.

At the lowest flux level for each LED, the stabilisation be-
haviour differs, typically showing an initial excess signal relative
to S∞. This occurs because the lowest flux level for a given LED
follows the highest flux level of the previous LED in the PV-010
sequence. The exception is LED-A, which was measured after a
series of dark exposures. In this case, the largest deviations cor-
respond to an initial deficit of signal relative to S∞ during the
first few exposures at the lowest flux level.

Overall, the ratio S 0/S∞ exhibits only a weak dependence on
the absolute signal level S∞, as shown in Fig. A.7, and no depen-
dence on the LED wavelength. If the stabilisation observed in the
flat-fields is interpreted as a balance between carrier capture and
release, the absence of wavelength dependence is consistent with
the results reported by Rauscher et al. (2014) for persistence and
by Biesiadzinski et al. (2011) for reciprocity failure.

Ideally, reliable measurements of astronomical sources
should be obtained only once the detector has reached a steady-
state response. However, after a change in illumination from
one flux level to another, the detector response requires approx-
imately 10 minutes to stabilise, independently of the initial and
final flux levels. This timescale is impractical during routine sci-
ence observations. Consequently, history of the measured flu-
ences should be taken into account in both masking and cor-
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rection strategies. On the other hand, the flat-field series does
not exhibit any clear evidence of persistence accumulation. The
signal reaches a stable level rather than increasing over time,
as would be anticipated if persistence contributions from previ-
ous exposures were cumulatively added to each subsequent flat-
field exposure. This observation may indicate a different charge-
release behaviour under dark and illuminated conditions.

4.7. Persistence in science data

To characterise persistence under realistic flight conditions, we
analysed time series extracted from science exposures obtained
during routine Euclid observations for DET13. From 43 obser-
vations in SkyPatch 38, corresponding to 172 spectroscopic ex-
posures and 516 photometric images (172 for each filter), we
extracted time series of 32 consecutive exposures for pixels that
recorded a signal higher than 5000 electrons in the first spec-
troscopic exposure. This selection yielded 5 × 106 pixels (55%)
affected by spectra of stars or galaxies, 3.4×106 pixels (37%) af-
fected by EPHs identified by the on-board quality factor (Kubik
et al. 2016), and 0.7 × 106 pixels (8%) that were already satu-
rated in the first exposure. The high fraction of EPHs detected
in these exposures can be attributed to enhanced solar activity
at the time of the observations. These time series were subse-
quently grouped into bins of increasing fluence measured in the
first exposure.

The full time series includes signals measured in both spec-
troscopic and photometric exposures, as they appear in the ROS.
However, the two time series were analysed separately, since
spectroscopic and photometric data are not directly comparable
due to differences in exposure time and readout mode.

4.7.1. Persistence of standard objects

The left panel of Fig. 8 presents the binned time series for sci-
ence pixels (i.e., pixels not affected by EPHs) compared with
the model derived from PV-016 calibration data at 60 ke−. The
differences between persistence measured during nominal sci-
ence operations and that observed in dark calibration data are
plausibly, although not exclusively, due to the presence of a non-
negligible background during in-flight observations (Euclid Col-
laboration: Scaramella et al. 2022). This background includes
both diffuse sky emission and residual persistence from previous
exposures, which modify the trap occupancy and affect the sub-
sequent persistence signal. This effect may be related to the dif-
ferences in persistence behaviour observed under dark and illu-
minated conditions, as discussed in Sect. 4.6. In addition, transi-
tions between different background levels, arising from changes
in exposure time between photometric and spectroscopic ob-
servations, can introduce additional charge trapping and release
effects (see Sect. 4.7.3) that complicate the modelling of per-
sistence decay. Furthermore, inter-pixel capacitance is not ac-
counted for and may partially contribute to the observed discrep-
ancies between the science and calibration data. However, its
contribution is not expected to be significant. Finally, the persis-
tence decay curves are binned in intervals of 10 000 ke− in stim-
ulus signal S , which are relatively broad and therefore largely
dominated by the dispersion in S , whereas the PV curves are av-
eraged over the entire detector, where the S dispersion is of order
of a few percent. Both effects may contribute to the differences
observed between the two data sets.

Despite the different observing conditions and the subtle ef-
fects that may affect the precise persistence values, we recover

the typical qualitative behaviour of persistence observed in cal-
ibration data. The increase of the initial persistence amplitude
with the preceding signal is clearly observed. The brighter–faster
effect, whereby brighter sources exhibit faster decay, is also evi-
dent.

4.7.2. Persistence of EPHs

In addition to astronomical sources, EPHs also produce mea-
surable persistence signals. To study this, we extracted time se-
ries for 3.4 × 106 pixels affected by EPHs in the first exposure.
EPH events in the science data are identified using the corre-
sponding 8-bit QF value. Owing to the on-board processing per-
formed by the NISP instrument, the exact occurrence time of an
EPH, as well as the charge deposited by the event itself, can-
not be recovered from the science data. Instead, the data provide
only the total measured signal resulting from the ramp process-
ing, which includes contributions from the EPH, the background,
and, potentially, overlapping astronomical sources. In addition,
the events identified as EPHs may occasionally include other
types of anomalies. We therefore treat all events detected by the
on-board processing as EPHs, without attempting to further dis-
criminate between different types of events or anomalies.

As shown in the right panel of Fig. 8, the persistence ampli-
tude associated with EPHs is typically lower than that measured
for astronomical sources with comparable signal levels. In ad-
dition, the persistence decay following EPH events is typically
faster than that observed for stars and galaxies. These differences
confirm that persistence depends not only on signal amplitude
but also on the temporal characteristics of the stimulus and the
nature of the interacting particles. In particular, the soak time
can significantly affect the persistence response. Unlike the flux
from astrophysical sources, such as stars or galaxies, which can
be assumed to remain approximately constant over the duration
of an exposure, the timing of an EPH event varies from one expo-
sure to another and may occur at any point during the integration
ramp. Consequently, an EPH can produce a persistence response
that differs from that induced by a constant illumination, owing
to the different effective soak times experienced by the detector.
Moreover, for stars and galaxies, each incident photon generates
a single electron–hole pair in the HgCdTe substrate, with holes
subsequently drifting through the substrate towards the cathode.
In contrast, EPH produce a large number of ionisation electrons
and holes distributed along a significant track length within the
substrate, spanning a wide energy spectrum. As a result, the trap-
ping probability may be different.

4.7.3. Impact of persistence on the background estimate

Large-scale persistence patterns are also evident in the back-
ground signal during nominal operations. The background level
differs significantly between spectroscopic and photometric ex-
posures because of different exposure times. In spectroscopic ex-
posures, due to the longer exposure time of about 10 minutes, the
accumulated background is of order of 1000 e−. In contrast, pho-
tometric exposures accumulate a background of roughly 100 e−
in about 1 min. As a result, during nominal observations the
detectors are repeatedly transitioning between high- and low-
background conditions throughout the observation sequence.

In spectroscopic exposures – and particularly in the first
spectroscopic exposure in each ROS which follows three pho-
tometric exposures and a slew dark – the background measured
with the NoiseChisel software (Akhlaghi & Ichikawa 2015)
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Fig. 9. NoiseChisel background of spectroscopic (top panel) and pho-
tometric (bottom panel) exposures.

in HPRs is lower than in the rest of the image, as shown in the
top panels of Fig. 9. The difference is typically ≲ 1%. This be-
haviour is interpreted as charge trapping occurring after a period
of low fluence (or dark conditions), which reduces the measured
signal in these regions (similar to the flat-field stabilisation effect
discussed in Sect. 4.6).

Conversely, in photometric exposures, especially in the JE

image that immediately follows a spectroscopic exposure, the
background pattern in photometric exposures is similar to the
persistence observed under dark conditions, following a transi-
tion from flat-field illumination to darkness. The background es-
timated in HPRs is systematically higher than in the rest of the
image, as illustrated in the bottom panels of Fig. 9, and the dif-
ference reaches up to 5% in detectors exhibiting high contrast
between HPRs and LPRs (DET11, DET14, and DET44), but is
typically ≲ 2%. We attribute this excess to the release of charges
trapped in the preceding spectroscopic exposure.

4.8. Power-law limitations

A simple power-law model does not fully capture the observed
persistence decay. In the PV-016 calibration data, the first few
points are typically underestimated by the fit (Fig. A.4). Depar-

tures from a simple power-law are even more pronounced in the
science data (Fig. 8).

Two effects can account for these deviations. The first is re-
lated to the acquisition scheme used in the PV-016 data. The
initial five dark exposures are obtained in photometric readout
mode, whereas all subsequent exposures are acquired in spectro-
scopic readout mode, which has an exposure time approximately
5 times longer. This change in readout configuration can intro-
duce a discontinuity in the time series and therefore represents
an instrumental effect. However, analysis of ground characteri-
sation data – where all frames are available and different readout
schemes can be applied a posteriori to the same decay sequence
– indicates that this effect is negligible at long times.

The second may be related to the presence of trap popula-
tions with a range of release timescales. For example, a combi-
nation of faster and slower charge-release processes could pro-
duce a decay that departs from a simple power law. However,
the number of relevant trap populations and their characteristic
timescales are not known a priori. In the science data, departures
from a simple power-law are further enhanced by the presence of
a non-zero background signal, which adds additional complexity
to the modelling.

Several empirical approaches can improve the representa-
tion of the observed decay, but at the expense of additional
model complexity. For example, modelling the decay with a fi-
nite sum of exponential components would introduce a large
number of free and potentially correlated parameters, particu-
larly when both amplitudes and time constants are fitted. Alter-
natively, the early and late stages of the decay could be fitted sep-
arately using different coefficients, or the decay could be approx-
imated using higher-order polynomials in log-log space. While
these approaches provide additional flexibility, they also intro-
duce further free parameters and can increase the complexity and
computational cost of the fitting procedure. Given the difficulty
of constraining the detailed shape of the persistence decay, we
therefore adopt a simple empirical parametrisation as a practical
compromise between flexibility, robustness, and computational
efficiency. This choice is intended as an operational parametri-

Article number, page 10



Euclid Collaboration: B. Kubik et al.: Persistence in NISP detectors

sation of the relevant slow component rather than as a precise
physical description of the complete persistence decay.

Importantly, the fast component of persistence decay, which
typically evolves over only a few tens of frames and is not in-
cluded in our model, has a negligible impact on the masking pro-
cedure. For science operations, the key quantity is the timescale
over which a pixel remains significantly affected by persistence.
An accurate description of the slower decay component is there-
fore sufficient to determine when a pixel can be safely unmasked
and considered suitable for subsequent science observations.

5. Application

In standard ROS observations, persistence affects science expo-
sures in several ways, each with different implications for data
quality and analysis.

Spectro-to-photo persistence occurs when residual charge
from a preceding spectroscopic exposure is released during sub-
sequent photometric exposures. This effect can lead to spurious
source detections, contaminate object catalogues (Euclid Col-
laboration: Romelli et al. 2026), and complicate the identifica-
tion of spectra (Euclid Collaboration: Copin et al. 2026), since
the spectroscopic extraction relies on accurate source positions
derived from photometric detections. This effect has the largest
impact both in terms of amplitude and the number of affected
pixels, because spectroscopic exposures are typically longer, the
corresponding fluences are generally higher. As a result, a sub-
stantially larger number of pixels reaches high signal levels, with
approximately from 5 to 15 % of pixels typically exceeding a flu-
ence of 1 ke−, a representative level comparable to the average
background in spectroscopic exposures and used here as a refer-
ence for the applicability of the persistence model. These pixels
can produce non-negligible persistence in subsequent photomet-
ric exposures.

Spectro-to-spectro persistence arises when residual charge
from a spectroscopic exposure affects subsequent spectroscopic
exposures in another dither. This can contaminate spectra, po-
tentially causing overlapping features and complicating spectra
extraction (Euclid Collaboration: Copin et al. 2026). This ef-
fect is generally confined to exposures within the same ROS
and is rare between different ROSs. The effect is weaker in
the spectroscopic-to-spectroscopic than in the spectroscopic-to-
photometric case. The interval between two spectroscopic ex-
posures is longer, allowing the fast component of persistence to
partially decay before the subsequent exposure. Although this
reduction is partly offset by the longer integration time of the af-
fected spectroscopic exposure, which increases the accumulated
persistence charge, the higher background level in spectroscopic
data compensates for this effect, resulting in a lower net impact.

Photo-to-spectro persistence can generate artificial emission
lines in extracted spectra when residual charge from photometric
exposures contaminates subsequent spectroscopic observations.
In terms of its overall impact, this effect is relatively minor. Typ-
ically, fewer than 0.5 % of pixels exhibit persistence signals ex-
ceeding 1 ke−. Although the longer integration time of the af-
fected spectroscopic exposure increases the accumulated persis-
tence charge, the higher background level in spectroscopic data
largely compensates for this increase.

Photo-to-photo persistence manifests in two ways. First,
residual charge from a photometric exposure can affect sub-
sequent photometric exposures in a different dither, producing
spurious sources that are randomly distributed across the focal
plane. Second, self-persistence occurs when the same source is
observed multiple times within a single dither. Because the off-
sets between successive photometric exposures within a dither
are small (a few pixels), a given source can illuminate the same
pixels across the three exposures, thereby contaminating its own
measured flux. In terms of the number of affected pixels, and ex-
cluding self-persistence, this is the least significant effect among
all the considered cases. The interval between two photometric
exposures in different dither positions is typically at least 15 min,
allowing a substantial fraction of the persistence signal to decay.
In addition, the target exposure time is relatively short and the
number of high-signal pixels is small, further reducing the im-
pact of the effect.

Large-scale persistence is visible across the background of
science exposures (see Sect. 4.7.3) and calibration products,
such as flat-fields (see Sect. 4.6). Moreover, it may impact mea-
surements that rely on precise background characterisation, in-
cluding nonlinearity calibrations and other detector response
corrections.

5.1. Persistence masking in Euclid pipelines

Persistence models derived from calibration data are used in Eu-
clid pipelines to detect and mask persistence in the science im-
ages. Q1 processing (Euclid Collaboration: Polenta et al. 2026b),
used the persistence model derived from ground data charac-
terisation using parameterisations given in Eq. (1) for the per-
sistence current, and Eqs. (3) and (4) describing the nonlinear
dependence of the persistence amplitude and decay index on
the previous fluence. This model included only the fast-decay
component over short timescales. Only persistence from spec-
troscopic to photometric exposures within the same dither (15-
minute history) was considered, while spectroscopic targets were
not processed.

For DR1 processing (Euclid Collaboration: Polenta et al.
2026a), the pipeline was refactored, and the persistence model
updated using PV-016 calibration data. The adopted model is
based on the decay of persistence following a 60 ke− fluence
in the PV-016 calibration data set, uses parameterisation given
in Eq. (2), while the fluence dependence of persistence pa-
rameters is neglected. The DR1 pipeline accounts for up to 5
hours of preceding exposures and includes spectroscopic tar-
gets. Masking of photometric targets was improved, and a Hough
Transform-based method was introduced to enhance the detec-
tion and masking of persistence streaks in photometric images.
Persistence in spectroscopic targets was also masked using the
same decay model and the full photometry and spectroscopy his-
tory (see Euclid Collaboration: Polenta et al. 2026a for details).

These modifications result in a significant improvement in
masking compared to Q1, since the longer illumination history
and inclusion of both photometric and spectroscopic exposures
allow faint persistence traces to be captured that were previously
missed. However, the conservative pipeline configuration and the
chosen masking parameters in DR1 sometimes lead to an exces-
sive fraction of masked pixels. Further optimisation of the mask-
ing thresholds and temporal window is therefore required to re-
duce the fraction of masked pixels while preserving the effective
suppression of persistence contamination, and is discussed in the
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following subsection. An even larger increase in the number of
usable pixels could potentially be achieved through the applica-
tion of persistence corrections. The performance of different cor-
rection approaches is investigated in Euclid Collaboration: Awad
et al., in prep.

5.2. Processing optimisation

The performance of the persistence mitigation scheme, given the
accuracy of the model, depends on both the adopted masking
thresholds and the duration of the illumination history included
in the persistence model. In DR1 processing (Euclid Collabo-
ration: Polenta et al. 2026a), a 5-h time window was adopted
to conservatively ensure masking of persistence from saturated
sources. The masking threshold for photometric targets was set
to 2 e−, following the current requirements. This value should not
be interpreted as a physical detection threshold, as it is signifi-
cantly below both the model precision (see Sect. 5.2.1) and the
typical signal uncertainty. For a background level of 100 elec-
trons – the lowest signal that can be considered in photometric
exposures – the Poisson error is about 10 electrons. Thus, for
the faintest sources exceeding the background, the uncertainty is
even larger. Moreover, the threshold is independent of the under-
lying signal in the target exposure. A persistence signal of 2 e−
superimposed on a very bright object is treated in the same way
as an identical persistence signal superimposed on a faint ob-
ject. Together, these factors resulted in a significant proportion
of masked pixels in photometric targets, sometimes exceeding
10 %. The threshold of 30 e− applied to the spectroscopic target,
keeps the fraction of masked pixels low, typically lower than 5 %
per detector. Below, we discuss the model accuracy and investi-
gate how the persistence-processing parameters, namely the his-
tory duration and the masking threshold, affect the fraction of
masked pixels.

5.2.1. Model precision

The accuracy of the persistence model derived from the PV-016
calibration data and used in the Euclid DR1 pipeline can be as-
sessed by comparing the DR1 model predictions with the persis-
tence signal of astrophysical sources measured above the back-
ground in science exposures, as illustrated in Fig. 10.

For astrophysical sources, such as stars and galaxies, the
model generally underpredicts the persistence signal, except at
very high fluence levels and long elapsed times. For example,
for DET13, in the first science exposure following illumination,
the model underpredicts the persistence signal above the back-
ground by a factor of approximately 2.5 to 3.5 depending on the
exact fluence level. Only for S > 40 000 e− and t > 30 min does
the model begin to overpredict the persistence signal. However,
the time of transition from underprediction to overprediction de-
pends on the deposited fluence.

For EPH, the model generally overpredicts the persistence
signal by a factor of about 2 on average. However, the exact level
of disagreement depends on both the deposited charge and the
elapsed time.

A quantitative assessment of the model accuracy is further
complicated by the sensitivity of the measurements to the back-
ground estimate, which itself contains a persistence contribution,
as discussed in Sect. 4.7.3, and by the temporal modification of
persistence as discussed in Sect. 4.4. A detailed evaluation of
the model performance is therefore beyond the scope of this pa-
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Fig. 10. Ratio of the persistence signal measured in science exposures
(SkyPatch 38) for stars and galaxies (solid lines) and EPHs (dotted
lines) to the persistence model used in the Euclid DR1 pipeline. The
increase in the ratio at long times and low signals is caused by the per-
sistence signal approaching the background level, while the model pre-
diction continues to decrease.

per and is deferred to future work aimed at developing a more
accurate description of persistence decay.

5.2.2. Optimisation of the history time interval

The time window used to select exposures in the illumination
history determines how long persistence contributions are taken
into account after a stimulus. To optimise this parameter, we
used the persistence model derived from PV-016 calibration data
to compute the decay of the persistence signal for each detector
after a 100 ke− flat-field illumination – the highest achievable
signal level below saturation.

For the detectors exhibiting the strongest persistence, the
time required for 50% of pixels to fall below the nominal thresh-
old of 2 e− is of about 7 h, as illustrated in Fig. 11. Adopting
higher thresholds leads to substantially shorter time scales: 50%
of pixels fall below 4 e− after approximately 4 h and below 10 e−
after les than 2 h. The exact values, however, vary from detector
to detector. Given (i) the broad distribution of persistence ampli-
tudes across the focal plane, (ii) the fact that the 100 ke− fluence
represents the highest achievable signal level below saturation,
reached in practice by only a tiny fraction of pixels, and (iii) the
fact the at long time scales the model tends to overestimate per-
sistence signal, a time interval of about 3 h appears to provide a
reasonable compromise between operational efficiency and mit-
igation of persistence effects.

5.2.3. Optimisation of the masking threshold

To optimise the masking threshold for photometric observations,
persistence maps were generated using a 3-h illumination his-
tory. The fraction of masked pixels was then evaluated as a func-
tion of the threshold for a JE exposure. The JE band was selected
because it is expected to experience the strongest persistence

Article number, page 12



Euclid Collaboration: B. Kubik et al.: Persistence in NISP detectors

Fig. 11. Median persistence signal predicted by the DR1 model, inte-
grated over the photometric integration time, as function of time after a
fluence of 100 ke− under flat-field illumination.

contamination, since it follows directly after a spectroscopic ob-
servation. Two configurations were considered: (i) using only
spectroscopic exposures in the illumination history; and (ii) in-
cluding both spectroscopic and photometric exposures.

As summarised in Fig. 12, for targets in the JE band, a thresh-
old of 2 e− results in 1–10% of masked pixels depending on the
detector, corresponding to about 5% on average for the full FPA.
In the HE and YE bands, the percentages are slightly lower be-
cause the persistence signal has partially decayed since the pre-
ceding spectroscopic exposure. Increasing the threshold to 5 e−
decreases the masked fraction to <5% for all detectors (about
2% across the FPA), while still effectively removing visually
identifiable persistence features, as shown in Fig. 13. A thresh-
old of 10 e− further reduces the masked fraction to <2%, but
leaves some persistence residuals unmasked. Including photo-
metric exposures in the history increases the masked fraction by
only 0.5%. These results suggest that a threshold of 5 e− may be
close to optimal, although, a more robust optimisation based on
a clearly defined objective function is still needed.

6. Conclusions

We have characterised and modelled detector persistence using
complementary ground calibration data and in-flight measure-
ments. Ground observations provide high temporal resolution
and sensitivity to the fast component of persistence decay, while
in-flight data enable the characterisation of the long-term evo-
lution of persistence over timescales of up to about one hour.
The different temporal regimes probed by these data sets lead to
different parameterisations of the persistence models.

Persistence is highly non-uniform across the focal plane,
with variations of up to two orders of magnitude, both between
detectors and within individual detectors. The persistence ampli-
tude is ∼1% of the preceding fluence, but has a modest nonlin-
earity trending lower persistence for higher fluence (when below
pixel saturation). The decay rate also shows a dependence on
fluence, with brighter sources providing faster decay. A single
power-law model, Eq. 1, is sufficient for masking pixels espe-
cially over long time scales of ∼5 hours which is sufficient to
properly mask pixels as inoperable in the processing pipeline.
However, the model does not properly predict decay on time
scales within minutes after the initial stimuli.

Fig. 12. Fraction of pixels masked in a photometric JE exposure for
masking thresholds of 2, 5, and 10 e−. Filled markers correspond to per-
sistence images constructed using only spectroscopic exposures, while
open markers include both spectroscopic and photometric exposures in
the 3-hours history. For targets in the HE and YE bands, the fractions are
slightly reduced due to a decrease in persistence amplitude caused by
spectroscopic exposure, which is the dominant effect.

Fig. 13. Persistence masking in the JE photometric image for a 750 ×
940-pixel region, shown for three persistence thresholds. Persistence
image was computed using a 3-h illumination history, including both
photometric and spectroscopic exposures. Masked pixels are shown in
red, while pixels that saturated in any of the history exposures are shown
in blue. The threshold value and the corresponding fraction of masked
pixels (in parentheses) are indicated above each panel.
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Persistence measured in science observations seems to differ
from that derived from dark calibration data. At low signal lev-
els or short timescales, the model derived from calibration data
in dark conditions tends to underpredict persistence from stars,
while at longer timescales it typically overpredicts the signal.
This difference is not yet fully understood. Moreover, EPH pro-
duce persistence signals with lower amplitudes and faster decay
than astronomical sources with comparable signal levels, indi-
cating that persistence depends not only on signal amplitude but
also on the temporal characteristics and nature of the stimulus.
This might be excepted because energetic particles generate a
track of charge carriers well above the HgCdTe band gap on
absorption compared to absorption of a single infrared photon
which has an energy comparable to the HgCdTe band gap.

A gradual long-term decrease of persistence amplitude is ob-
served during the mission, likely related to repeated exposure of
pixels to highly saturating stimuli, as saturation produces lasting
changes in persistence behaviour, reducing the persistence re-
sponse and modifying the decay slope. Moreover, the persistence
decay following highly saturating fluence deviates from empir-
ical relations derived for sub-saturation conditions, suggesting
that additional physical processes contribute when the detector
exceeds full-well capacity.

Charge trapping and release affect all types of detector mea-
surements. In typical calibration sequences of flat-fields, follow-
ing transitions between different fluence levels, the detector re-
sponse stabilises to within about 1% within approximately 10
minutes. These effects also introduce small but measurable ef-
fects in the estimates of the background in science exposures.
The spatial variation of the background amplitude, which can be
attributed to charge trapping and release effects, is typically be-
low a few percent, particularly in detectors exhibiting high per-
sistence.

Persistence signal affects science observations in multi-
ple exposure sequences (photo–photo, photo–spectro, spec-
tro–photo, spectro–spectro), potentially introducing systematic
effects in photometry and spectroscopy. Several of these effects
are mitigated in the processing pipeline through masking, al-
though self-persistence and large-scale background structures
remain challenging. The effectiveness of persistence mitigation
depends on both the adopted masking threshold and the length of
the illumination history included in the model. The conservative
configuration used in DR1 (5-h history, 2 e− threshold for photo-
metric targets) ensures robust masking but results in a relatively
high fraction of masked pixels. Tests indicate that a 3-h illumina-
tion history combined with a threshold of about 5 e− provides a
good compromise, reducing the masked fraction to below about
5% while still suppressing visible persistence artefacts. Never-
theless, a more robust optimisation of masking thresholds based
on feedback from validation of science products, for example the
spectral pipeline, is in work.

Future improvements to persistence modelling should fo-
cus on a more accurate description of persistence in scientific
data, including self-persistence and the distinct persistence be-
haviour induced by EPHs. In addition, improved empirical or
physically motivated models, together with systematic optimisa-
tion of masking parameters based on well-defined performance
metrics, will be essential for maximising the scientific return of
future Euclid data releases.

Although the model presented in this work successfully iden-
tifies and masks pixels affected by persistence, accurately pre-
dicting the excess flux due to persistence remains challenging.
Alternative correction methods are also being developed for po-
tential inclusion in the Euclid DR2 processing pipeline and later

data releases. A comprehensive comparison of the proposed per-
sistence correction techniques will be presented in a forthcoming
study (Euclid Collaboration: Awad et al., in prep.).
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Appendix A: Persistence characteristics for the full focal plane

In this appendix, we present the persistence characteristics discussed in the paper for each of the 16 detectors, providing the complete
set of results that complements the analysis in the main text.

Fig. A.1. Persistence amplitude parameters α (TV1) and α̃ (PV-016) as a function of source fluence level. Median values per detector region
are reported. For the TV1 data set, measurements below and above saturation are shown separately. The solid and dotted curves represent fits of
Eq. (3) to the below-saturation TV1 and PV-016 data sets, respectively. The best-fit parameter values are reported for completeness only. For some
detectors, HPR (DET41) or LPR (DET13) results are not shown because of the detector characteristics, as only one of the two regions is present.
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Fig. A.2. Persistence decay index β (TV1) and β̃ (PV-016) as a function of source fluence level. Median values per detector region are reported.
For the TV1 data set, measurements below and above saturation are shown separately. The solid and dotted curves represent fits of Eq. (4) to the
below-saturation TV1 and PV-016 data sets, respectively. The best-fit parameter values are reported for completeness only. For some detectors,
HPR (DET41) or LPR (DET13) results are not shown because of the detector characteristics, as only one of the two regions is present.
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Fig. A.3. Temporal evolution of the persistence response in the F-007 data set, relative to the initial observations P0 and S 0 obtained in the dark
and flat-field, respectively. Here, P0 and S 0 refer to the signals measured in April 2024. For some detectors, HPR (DET41) or LPR (DET13) results
are not shown because of the detector characteristics, as only one of the two regions is present.
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Fig. A.4. Persistence decay measured in the PV-016 and F-018 data sets. HPR are shown with solid lines and filled markers, LPR with dashed lines
and unfilled markers. The persistence amplitudes α̃ and the decay index β̃ are indicated in the legend for HPRs and LPRs in parentheses. For some
detectors, HPR (DET41) or LPR (DET13) results are not shown because of the detector characteristics, as only one of the two regions is present.
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Fig. A.5. Evolution of persistence to fluence ration P/S as a function of increasing fluence S under flat-field illumination in the TV1 data set, both
below and above pixel saturation (130 ke−). Each panel corresponds to a different detector and shows the distribution of persistence amplitudes for
seven increasing fluence levels: five below saturation (approximately 20, 50, 60, 80, and 100 ke−) and two above saturation (approximately 300
and 400 ke−).
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Fig. A.6. Impact of charge trapping and release on signal measurements. Ratio S i/S∞ versus time for five LEDs at progressively increasing fluence
levels (around 8, 18, 32, 50, and 64 ke− per LED), with line width scaling with fluence. For clarity, the curves for LEDs B–E are vertically offset
by constant amounts of +0.01, +0.02, +0.03, and +0.04, respectively. No wavelength dependence is observed. LPRs and HPRs in each detector
are averaged together for clarity.
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Fig. A.7. Ratio S 0/S∞ as function of S∞ for the five LEDs. Filled markers and solid lines correspond to HPRs. Empty markers and dotted lines
correspond to LPRs. For some detectors, HPR (DET41) or LPR (DET13) results are not shown because of the detector characteristics, as only one
of the two regions is present.
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