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Reference Observation Sequence (ROS) // 1.5h

A_c'hallehgiﬁg problem...

— ' E (Gillard+24)

' BN : b 7 : : RGS180+4° BEBEE - B -

. , , NISP instrument: survey operation matagia+24)
Region of Interest (>15000 deg?)

® Spectrometric: 4 x MACC(15,16,11) //550's
e Photometric: 12 x MACC(4,16,4) // 87 s

10 deg’/day = 20 ROS/day — 320 NISP obs/day

SR : e Y 8 Focal plane: 16 x 2048 x 2048 pixels/obs
. S G2 3 QN Total data volume: 20000 Gbit/day

rrrrrrrrr

Requirement: 290 Gbit/day
What should be done?
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Euclid/NISP Reference Observation Sequence



An analytical solution. .. ¢

. . . L . | euclid
NISP instrument meets the stringent operational and scientific requirements
thanks to an ad-hoc hardware-software architecture.

5 Near Infrared Mission & Science
Spectrometer and Photometer Operation Centre
=i -.)’ ) ) Tran];)r?ltiZsion
1.5 x 10°km
Raw Data Volume ‘ ™ budget gz::r{irlllljife

248

>20000 290
Gbit/day Gbit/day Gbit/day
 >2000 [ Nispsignal | 640

. frames/day ! LDetection ChainJ . frames/day !
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An analytical solution...
NISP Signal Detection Chain: the hardware

NISP Warm electronics
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Medinaceli+20

Barbier+18 NISP SIDECAV‘ASIC electronics

Euclid/NISP Si
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Euclid/NISP S

An analytical solution...
NISP Signal Detection Chain: the software

A New Signal Estimator from the NIR Detectors of the Euclid Mission
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!
>10 years ago! Abstract

We describe how the Euclid detectors in the Near Infrared Spectrometer and Photometer (NISP) channel will be
read out on board and present an analytic expression for the estimated fluence in each pixel with the associated
quality factor of the fit per pixel. The method accounts for the Poisson like distribution of the data and includes the
effects of noise correlations that arise after the coadding procedure of frames read non-destructively up the ramp
during one exposure. The bias of the flux estimator presented in this paper is kept lower than 0.3% over a wide
rang of scientifically interesting fluxes of Euclid. The associated error is by 6% lower than the commonly used
formula derived in Rauscher et al. in the context of an equally weighted least squares fit. Moreover, the quality
factor follows the very well known \12h (x; n) distribution and thus provides a well behaved statistical tool to check
the goodness of the ramp fit. The method is proposed in the context of a large amount of data per exposure,
produced by the NISP detectors, that cannot be transferred to the ground for the subsequent processing. The
method, which is validated using real and simulated test data, can be safely used by most near-infrared instruments
which require very accurate measurements to be performed on board.

NISP Onboard Data Acquisition and Processing

MACC Sampling Readout noise attenuation

RefPx Correction Common mode noise correction

Signal Estimation Analytical signal measurement

Kubik+16 Quality Factor Analytical goodness-of-fit estimate




An analytical solution...

“Processing each of the 67 x 10° NISP px/obs at 1.5 x 10° km from Earth, aboard Euclid”

o

_} SciencePx Signal ®  SciencePx Signal NISP Onboard Data Acquisition and Processing

) —— - w/ RefPx Correction . . ]

< o MACC Sampling Readout noise attenuation

~10000 == o
é RefPx Correction Common mode noise correction
S | V
; : — <Difference> ~ Signal
= X'=Quality Factor ¢ Signal Estimation Analytical signal measurement
O 1 1 1 1 >
~ T T T T
U"j ReferencePx Signal Time
Baseline
o a
\ D) ng—1 . 9
g ~6000 =~ Y = o g 2 1 + a 1 + 4f€’ lel (AG7 + /B) . 1 _ 5
! =

@ ! 2fe (ng —1)(1 + )
7z
= Signal Sampling Properties: Pixel Properties: Key Processing Parameters:
==1 1n_= Number of Groups f. = Conversion Gain [e-/ADU] 1 —n2 252
E ng— Number of Frames cse = Readout Noise [e-] o = ! B= Lfe
< Bl R i 3ng(ny+n  ne(1
g n, = Number of Drops r(ny @) ny(l+a)
Sa| Kubik+16, Cogato+26



And its implications... ,
. . . euclid
“What level of accuracy does the NISP signal estimator achieve?”
To optimize satellite’s resources NISP onboard processing applies a single
detector-average readout noise (6, ) to each detector array (2040x2040 px)

. [ NISP oc  Pixel Properties = | Data Processing Approximation |
= Signal Estimator |
aa) J I 1064 [ Pixel Distribution

' . | S — Oppu |
% Key Processing Parameter | o |
E a Readout Noise [electrons] | i:los‘ |
7 | = |
m I '2104‘ :
: g |
M — 1031

d! . _1ta 1+4f32i;’11(AGi®_1 @ | % |
q (ng — (1 +0)? S |
e I —8 1044 I
‘-.E i 20—]2;) e i Z 10 I
9 ’ : | 10 20 30 40 >50 |
U?l Cogato+26 i ------- f,-l-]i-('l' -—'-_“Of')'i !_ R _Riaé)u_t I\_IOi_se_[eliCEOES]_ _ 1
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And its implications...

From Data Stream to Scientific Data

We focus on
NISP Raw Data

¢€uclid

consortiom

Science
Working
Groups
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NISP LE]1 Raw Data

- RAWLINE

750 750 plxelz' -

Onboard Data
NIR SCI
16 x 2048 x 2048 pixels/obs

s]

Accumulated Charge [electron

=

euclic]

]

Control Sample
RAW LINE
16 x 2040 pixels/obs
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Euclid/NISP Si

And its implications...

“What level of accuracy does the NISP signal estimator achieve?”
Comparison with un-weighted Least Square Fit of UTR frames

In-flight analysis:

NI

SP Signal Estimator

Cogato+26

* RAW LINE

-

| SR (AL AP

(ng —1)(1 4+ a)?

Vs.

-

AD

On-ground analysis:
Least Square Fitting

A Raw Frames
Averaged Groups
Least Square Fit

Time

euclid
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Euclid/NISP Si

And its implications...

“What level of accuracy does the NISP signal estimator achieve?”
Comparison with un-weighted Least Square Fit of UTR frames

Cogato+26

In-flight
NISP SignaiI

Data Processing Approximation

[ Pixel Distribution
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d analysis:
are Fitting

Time
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Euclid/NISP Si

And its implications...

euclic]

“What level of accuracy does the NISP signal estimator achieve?”

NISP Flight Data (8 months of Euclid Wide Survey)
~ 5000 exposures/passsband

0.84
0.7
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Near-infrared zodiacal background i
Photo-Spectrometric ~ 1 e7/s |
|| sys-o, 1| < 0.01 e7/s (99% pixels) |

Fraction of Pixels [%]

0.01 2.2 8.4 16 9 27 7 20 4 13 3 6 8 2 1 0.9
T

L NISP Reference Observation Sequence (f~1 e~ s‘l)
® RGg ¥ BGe ® Ik ¢ He ¢
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And its implications...

euclid
\

Impact of the NISP signal estimator bias on the accuracy of the spectroscopic flux calibration

Wavelength [nm]

120? 30 1400 1500 600 1700 ‘ 100 1900 f SpectroMACC:
!III IIII |l | BT}

;g At 1 e/s, the NISP signal estimator bias increases the
=
RGWM L'“'I"l .‘ m J |h ‘.., r i" — o5 total uncertainty budget (RMSE) at the sub-percent level:
7 ‘ o
.g 'I ' — : RG,: 0.6% — 0.8%
- I 100 200 ‘ 300 400 500 A k BG . 1 4% — 1 5% /
o Along dispersion [pix] E
=
g e AN~ l
= R NISP spectroscopic scientific performance
»
82 -~ 45 F(9840 A) = 1.56 = 0.02 x 10 ¥ ergcm~2s"1A?
=l = 2.0 i B
g o Emission line map
° g Z 1.8 11000 A
© p( X D
) BEREE e
% 2 'g 1.6
& 3.0 @
E & 144
— 2.5 3
E He (z=0.5) He (z=1.44) S 121
g * 5000 10000 12000 14000 16000 18000 20000 — B Gabarra+(in prep.)
5] Copin+25 AR ' 10000 11000 12000 13000 I S

A(R)



An analytical solution...

“Processing each of the 67 x 10° NISP px/obs at 1.5 x 10° km from Earth, aboard Euclid”

o

_} SciencePx Signal ®  SciencePx Signal NISP Onboard Data Acquisition and Processing

o _—r w/ RefPx Correction .

< asene . o MACC Sampling Readout noise attenuation

~10000 == o
° RefPx Correction Common mode noise correction
S { V
= ) . <Difference> = Signal
g X*~ Quality Factor 1 Signal Estimation Analytical signal measurement
oy 1 1 1 1 >
~ T T T T
» ReferencePx Signal Time . . .
= Baceline Quality Factor Analytical goodness-of-fit estimate
s o
(=l ~6000 4 o @) 2]('
! € ~

° y( —
=) | QF = [(ng - 1)917 - (Gn - Gl)]
A, (1+ )
2
v4 Signal Sampling Properties: Pixel Properties: Key Processing Parameters:
§ n, = Number of Groups S, = Conversion Gain [e-/ADU] j [ n? 202 f
- — — 1 _ a = = —8
'—g n, _Eumli)er offl]:)rames o, = Readout Noise [e-] 3ns(ny + ng) (L + @)
i I Kubik+16, Cogato+26



And its implications... @ l |
“How should the NISP Quality Factor be interpreted?” Coch

The NISP QF quantifies the deviation from ideal linear signal integration. Signal measurement (AG)

QF = 72511y = 1)ge — (G = 6] ~ Pfdof =(n - 1))~ i) 7o

e Persistence signal and other anomalous behaviours, e.g., bad pixels.
DET44 / QualityFactor DET44 / BadPixelMap

DET44 / ScienceFrame [e~ s™! pixel™!]
] I , | I
Flagged None In-Flight On-Ground

5 10 15 20 25 30 Good
600 R 600

600

400 x 400 pixel
Horsehead Nebula

699 699 699 A

~l
o
o
Pixel Row

~
©o
©o
*
+

~
(o]
o
Pixel Row

Pixel Row

899 899 ¢ 899

1299 1399 1499 1599
Pixel Column

_r . ‘ : S65Lk
1299 1399 1499 1599 1200
Pixel Column

999
1200

999 - -
1200 1299 1399 1499 1599
Pixel Column



And its implications...

“How should the NISP Quality Factor be interpreted?”

The NISP QF quantifies the deviation from ideal linear signal integration.

euclid

Signal measurement (AG;)

QF = 22511y = 1)ge — (G = 6] ~ xfdof =(n - 1)- (I =P ®

e Solar energetic particles and other artefacts

NISP Signal NISP Quality Factor

Cosmic Ray Hit

charge

time

2040 x 2040 pixel*



And its implications... @

euclic]
“How should the NISP Quality Factor be interpreted?”
A MonteCarlo analysis of NISP QF behaviour

Signal integration variance: v =
—> |Incident flux [e/s] | 5
D (AGy; 8) = (1 + ) s Input Parameter (.., qout noise [e] ge
! : =
——> iConversion gain [¢/ADU]! é’
Monte Carlo Simulation [Nominal] l
XZ
-=--- NISP Photometric Threshold s *4°
 MEGCURRELT (R Acquisition Mode
—— ZODIACAL LIGHT [1.00 e7/s] 1
—— FLAT FIELD [20.0 e7/s] Nominal Photometric MACC(4,16.,4)

/ No readout noise approx 1
Median over . .
NISP Signal Estimator

500 synthetic exposures
NISP Signal + Quality Factor

Fraction of Pixels [%]

0 50 100 150 200 250
QF Cogato+26




And its implications...

“How should the NISP Quality Factor be interpreted?”
A MonteCarlo analysis of NISP QF behaviour

euclid

Signal integration variance: P BN
—> 'Incident flux [e/s] i §
. — i . P X
Dy (AGy; 8) = (1 + « Input Parameter | p . oo le] I
! PR
' : . RS
—> Conversion gain [¢/ADU] g
Monte Carlo Simulation [Nominal] Monte Carlo Simulation [DPA]
I
1 X E X2
1074 ---+ NISP Photometric Threshold T ---+ NISP Photometric Threshold
iy —— DARK CURRENT  [0.01 e/s] ! —— DARK CURRENT  [0.01 e/s]
2 180 —— ZODIACAL LIGHT [1.00 e7/s] A0 —— ZODIACAL LIGHT [1.00 e7/s]
% —— FLAT FIELD [20.0 e7/s] —— FLAT FIELD [20.0 e7/s]
25 T 7
[a
S
= 10724 E
o Median over
g 10734 500 synthetic exposures .
i
10—+ ) 3 Wi
NISP readout noise approx. i‘lllﬁwq}h':‘i“ ﬁ' ' ” Ill [
: : . . : DPA & H [0 ST 1T AT T
0 50 100 150 200 250 0 50 100 150 200 250

QF QF Cogato+26



And its implications...

euclid

“How should the NISP Quality Factor be interpreted?”

The NISP QF marks every pixel whose signal integration deviates from linear behavior.

Expected (MC): QF(10) =1.31 % of pixels at 1 e/s NISP Flight Data: QF(10) = 2.59 % of pixels at 1 e/s

Monte Carlo Simulation [DPA] NISP Flight Data
3 E X i X
10"+ i ---- NISP Photometric Threshold 10 - i =z NISP Photomictric Threshaid
< ! —— DARK CURRENT  [0.01 e”/s] ) ' —— DARK CURRENT [0.01 e~ /s]
2% 10°- —— ZODIACAL LIGHT [1.00 e /s] | & 10°- —— ZODIACAL LIGHT [1.00 e7/s]
n —— FLAT FIELD [20.0e7/s] | 12 —— FLAT FIELD [80.0 e7/s]
(1) U
X 1071 X 1p~14
a a
Y— Y—
© 5 s © s
c 10 A7 - 10 <
0 o
o+ i D —
E 10 3 8 10 3.
i -
10_4' 10—4 2
0 50 100 150 200  25C 0 50 100 150 200 250

QF QF Cogato+26



And its implications...

“How should the NISP Quality Factor be interpreted?”

The NISP QF marks every pixel whose signal integration deviates from linear behavior.

Spectro MACC(15,16,11) Exposures / February — April 2024

euclid

36.65

Photometric MACC(4,16,4) — y*(2)
Theoretical (2.7¢ clip): 122, 10) = 0.67% of pixels “ ° :
Expected (MC): QF(2, 10) = 1.31 % of pixels E—w %
Measured (Flight Data): QF(2, 10) > 3 % of pixels % 3
space-weather  « e =
3N
= mz Cogato+24 265 _:
.2 0.00 :
§ ’ ? NISllgOQuaIity anctor 0 »
E _ Nominal Surveyl()peralions .
§ 200 § - 1 g
E _“é 150 ? n f[ 2 . %
< = 4
: potal oy
) &
o £ w . )f/m
E 0 & ‘ r— .
8 SOHO/EIT 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
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Lessons Learned on NISP Signal Estimator and Quality Factor ﬁeucli J

Working in the AG; space (Difference of signal groups) reduce signal UTR correlations, resulting in a three-diagonal
covariance matrix.
However:
e The analytical solution for accurate and precise signal estimation requires several assumptions/approximations:
o  Diagonal approximation, neglect off-diagonal covariance terms.

Onboard data processing was essential for enabling NISP to observe 5 of the sky in 6 years w/ 0.3-arcsec resolution.
However:
e Detector gain and readout noise must be carefully characterized on ground to accurately model the in-flight
behavior of each pixel in the focal plane.
e The Data Processing Approximation (pixel maps — detector-average) is acceptable, provided the appropriate
average is selected...

The NISP Quality Factor is a powerful tool for monitoring data quality and detecting various types of anomalies.
However:
e By construction, it is affected by the same bias that impacts the NISP signal estimator, so it must be handled
and corrected accordingly.
e Since it flags signal integration anomalies, recovering the true pixel signal is impossible (maybe it’s “just”
difficult and Monte Carlo simulations may help address this).



Advertisement on NISP Signal Estimator and Quality Factor euclid

If you are designing a new infrared telescope, there are at least three reasons to integrate the
NISP signal estimator framework into the data processing chain.

1. In flight, it provides accurate signal estimation (together with data-quality control) while
significantly reducing the total raw data volume.

2. On the ground, it accelerates signal processing and provides a robust goodness-of-fit
estimator that helps identify a wide range of anomalies, which can then be handled later in
the processing pipeline.

3. Looking ahead, there is always room for improvement — perhaps another paper will join the
legacy:

Kubik et al. 2016, Cogato et al. 2026, ??? et al. <2036 ?
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C R EuclszISP Slggal Estlmator‘ e R

‘A challengmg problem an analytwal solutlon and its’ implications
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NISP signal estimator V..

Lessons learnt on signal estimation Less correlations

Cogato et al . In prep

n,—1
2

Z(g|AG) = H
« Start from Z(g| AG) not from -

)(2 = |ess bias with Poisson
noise

Remaining negligible bias
Reduces bias

* Correct pixel-independent bias

(flux-independent in first order iyl g =1 e 136
apprOX) 0.000
—0.001 I s
—0.002 ,L *
B = —¢ ——0.003 :
f— '
(ny — D(ng + ng) 1, -ooos /.
“~ —0.005
Q i £
—0.006 ,,/ T g = Dne+ naltr
= HY o . i / f=0.40 e7s7?
Remaqnmg deviations: neglected 0.007{ b s
covariance terms —0.008) , b f=3976es
3 4 5 6 7 8 9 10 11 12 13 14 15 16

Ng



Impact of signal non-linearity on the NISP Quality Factor p ] ]
ucli

Spectroscopic MACC(15,16,11)

Non Linearity Effect

— x?(d.o.f=13)

QF non-linearity characterization: — oen &
—rer | E

— 150 e-/s

log(QF,, ) — log(QF, ) = Poly(SIGNAL)

QF non-linearity correction:

# of NISP pixels/detector

_ ) — Poly(SIGNAL)
QF copp = QF - 10
o 50 100 QF 150 200 250 time
70 e-/sec 2 Order Polynomial
Corrected QF distribution is expected to be: [T ¥ meoretcl
105 4 —— Measure
*—like! 5" S iros
g 60 104 i
m 50
«? 10° §
Tﬁ a0
=
o 30 102 B
% 20 |
E 10! §
o 10° 3 i1 ]

10000 20000 30000 40000 50000

NISP Signal [ADU] -




“How should the NISP Quality Factor be interpreted?”

The NISP QF is statistically equivalent to Xz(ng—2) distribution eUCLd

NISP readout noise approx.

122, 10) = 0.67% of pixels (2.7 clip) 1 e/s — QF(10) = 1.31 % of pixels
x2 distribution Inverse Survival Function
p-value Monte Carlo Simulation [DPA]
10-1 102 1073 10~ 1075 106 1
DoF—13l l | | | l J i X
50 H—— DOF;Z : ---- NISP Photometric Threshold
b —— DARK CURRENT  [0.01 e7/s]
| 1 —— ZODIACAL LIGHT [1.00 e7/s]
o —— FLAT FIELD [20.0 e /s]
. 30
>~
20 -
10 T
/'/’,
//
N sl 1“”HH”|F' i
1.0 15 2.0 2.5 3.0 35 4.0 : : i“w }” |'| | ‘|| |“|l| |

Z-score

0 50 100 150 200 250
QF



NISP Focal plane (4 x 4 H2ZRG)
i o i \
\
\ \

NISP SIDECé ASIC electronics NISP Warm electronics
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Time [s] (Barbier+18)

Analogue —> Digital

Euclid/NISP S
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173 : 92 NGC6543 (Cat’s Eye Nebula)
HOW ShOUld the ramp Slope be eStlmated' Credits: ESA/NASA/Euclid Consortium

NOT TO SCALE

nal Est

i

“\/\/> NIR photon

photoelectric interaction

Accumulated Charge [electrons]

Read Out Integrated Circuit

photo-electron

R O | C photo-hole

Euclid/NISP S

(Adapted from Mosby+20)



“Well, 1t’s just a straight line!”

>

Up The Ramp Sampling MACC(4,16,4)
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MACC(n,. n,.n,

n_= Number of Groups
n, = Number of Frames
n, = Number of Drops

Accumulated Charge [ electrons ]

Euclid/NISP Si



Time [s]

Groups Co-adding

-

“Well, 1t’s just a straight line!”
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“Perhaps a straight horizontal line would be better.”

>

Groups Difference AG,

S
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s
(1]
E
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Accumulated Charge [ electrons ]

Euclid/NISP Si
@)

Time [s]
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Euclid/NISP Si

“Perhaps a straight horizontal line would be better.”
Euclid’s NISP Signal Estimator
Signal integration analytical model

— 4 m ooy
é) : AG, Difference of Groups [electrons]
|
g : S, Conversion Gain [electrons/ADU]
§ : 6, Readout Noise [electrons]
& } n, n; n;  Number of groups, frames, drops
|
SD | . :
= l P el T _ _20nfe
g : 3ng(ny + na) ne(l + a)
| ng—1 2
1 1 A i
> - — %4_1;L¢¢J
= i i=1 \/27raeff (AG;, g) 2041 (AG;, 8)
p—
g __ Full details presented in Kubik+16, Cogatot26
]
S
< o O
@)
>
Time [s]
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Euclid/NISP Si

“Ok, now we know how to perform an analytical horizontal-line fit...”

Accumulated Charge [ electrons ]

>

NIR Science Raw Data [SCI]

~

.

'.750 x 750 pixel®

NISP Signal

4f25 00 N AGs + 82
(ng — 1)(1 + a)?

-

e S L
Y7

Time [s]
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Euclid/NISP Si

“...and derive an analytical measure of the goodness of fit!”
NIR Data Quality [DQ]

Accumulated Charge [ electrons ]

>

NIR Science Raw Data [SCI]

AR

.

'.750 X 750 p‘ixvel2 :
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“What level of accuracy does the NISP signal estimator achieve?” ¢€ ]'d
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Impact of the NISP signal estimator bias on the accuracy of the spectroscopic flux calibration

NISP Spectroscopic Sensitivity Curve Astrophysical flux density
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Impact of the NISP signal estimator bias on the accuracy of the spectroscopic and photometric flux calibration

Assuming a typical galaxy with an angular size of 0."'5, Astrophysical flux density
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“What level of accuracy does the NISP signal estimator achieve?” @

Impact of the NISP signal estimator bias on the accuracy of the spectroscopic flux calibration
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At 1 e/s, the NISP signal estimator bias increases the total
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Impact of the NISP signal estimator bias on the accuracy of the spectroscopic and photometric flux calibration

Following Schirmer+22, and assuming that the total source flux is collected within a single detector pixel, the
apparent AB magnitude as a function of the instrumental count rate can be expressed as:

Vmax T(l/)

174

maB(ne) = 26.84+2.5log;, /

Vmin

dv | —2.5logy(ne) = ZP —2.5log (1)

PhotoMACC: [6n | < 1%

AZPsp = + |mag(l) — map(1.01)| >~ +0.01 mag,

According to Schirmer+22, the dominant contribution to the uncertainty on the NISP photometric zero point arises from
uncertainties in the detector quantum efficiency curves, amounting to + (0.05 mag.

The total uncertainty on the zero point calibration can therefore be expressed as:

NISP average zero-point = 25 mag INZP 50 = i\/AZPéE + AZPZp ~ 40.051 mag

Cogato/PhDThesis
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Impact of the NISP signal estimator bias on the accuracy of the spectroscopic and photometric flux calibration

The impact of the NISP bias can also be evaluated in terms of the absolute photometric flux calibration.
Converting the zero point magnitude into flux units:

map = —2.5 loglo(%)+8.90. f(n.) = 10~ (4P=8.9=2.5l0gy9(ne))/2.5) « 100 1Jy

At 1 e/s, this corresponds to a reference zero point of about 0.3 ply.
A 1% bias in the measured count rate translates into a variation of 0.003 ulJy.

036 He — 1S=0.335+0.001
— |S+3a

—— 1S%5% boundary

~——~0.341
2 T -

3l
SN—
UV .32

S7+eIudfogd
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22000 22250 22500 22750 23000 23250 23500 23750 24000

Counts

This effect is well below the 5% accuracy requirement on the NISP near-infrared absolute flux calibration.
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NISP Signal. Averaged—Parameter (AP) approximation

Least Squares Fitting (LSF) of Averaged Groups (16 co-added raw frames)

Reference Signal

NISP DPU—measured Signal

,_1+a 4257521 (AG: + B)?
T 3 \/1+ (g —DAtay | 7F

AP approximation Bias Spras =g — LSF Vs. ORShift = ORMap— < OR,Map >

— DET11 — DET21 — DET31 —— DET41
—— DET12 —— DET22 —— DET32 —— DET42
— DET13 —— DET23 —— DET33 —— DET43
— DET14 —— DET24 —— DET34 —— DET44
1.0
106_
C
10 0 0:81
o
Py 5
‘&’ (g
g 10 5
o 5 061
— 3
[0 =
& 10% 5
[%2]
g &
2 o 047
[ >
p 2] =2
g 10 2
=
=
10! 3 021
10° 4 Y J
0.0 Lo 2

10 20 30 40 >50
Oron [€7]




PhD Yearly Evaluation A.A. 2023/2024 Euclid’s first year of operation. Properties of the Near Infrared signal

NISP Data Processing: the Averaged—Parameter (AP) approximation
Case Study. Spectroscopic MACC(15,16,11)
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NISP Data Processing: the Averaged—Parameter (AP) approximation
Case Study. Spectroscopic MACC(15,16,11)
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NISP Data Processing: the Averaged—Parameter (AP) approximation
Case Study. Spectroscopic MACC(15,16,11)
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NISP Data Processing: the Averaged—Parameter (AP) approximation
Case Study. Spectroscopic MACC(15,16,11)
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NISP Data Processing: the Averaged Parameterization approximation
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NISP Data Processing: the Averaged Parameterization approximation
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