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Calibration of ASPIICS

ASPIICS calibrations What I did during ~1 year
. CSl/Liege — 2021 . Dark frames

. INAF/Turin — Aug/Sept 2021 . Radiometric sensitivity

. ROB & INAF — processing of the - Flatfield

calibration data (33Gb archive)

« Nonlinearity

. Polarization

« 1O position

« PTC and gain

. Hot pixels

. Stray light — diffraction, scattering

iImpossible to measure; models Shestov et al. 2018, 2019, 2021
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Geometric factor

Number of
photons per pixel
N =B-0-4
Aperture Pixel solid
area Sqy angle ),
2 nD? D2 (dx\’
dx - L 4 I
A= 0 = N =B-
f I 4 \f
units
dx —pixelsize, ~10p
_ ~ photon photon
f —focal length, ~ 780 mm [ S ] S sr sz] [CmZ] [SI‘]

D —aperture, ~5cm
L —distance, ~1a.u.



Geometric factor

Transmissivity %

Detector Detector sensitivity
counts DN/photon

N=B-0-4-T-s

units
dx —pixelsize, ~10p
f —focal length, ~ 780 mm [D—;\I] [ph(;ton] [%] [ DN ]

D —aperture, ~5cm
L —distance, ~1a.u. in a passband k




Radiometric sensitivity of ASPIICS

* Flat Field Panel (white LEDs)
 Calibrated photodiode
* ASPIICS takes images with different t,,, in different filters
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Synchrotrons:

1. Large & divergent source
2. Finite distance \'

Photo of the same monitor:
out-of-focus and in-focus

extremely high intensity
tunable wavelength via monochromators

very collimated beam (i.e. ESFR — 20 urad or 4 arcsec) |
small crossection of the beam — few mm

20 x 20 mm

240 mm
----------- - L — ‘ ﬁ- ‘l
Detector  — _ || = 7}
30.7 x 30.7 mm T s,

Mirror
66 x 66 mm

459.4 mm

s = — . — - — - — - — - — - — - —

N Filter wheel

| 70 mm |
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Radiometric sensitivity and provisional data

B | & Z = [1343
] C 2 E F G | H I J | K L N 0 P
Provisional P3-
Diode flux FEP brightness SOC-ROB-TN- Ratio
| 012"
Measured flux | Diode Filter renormalized to filter photon s |
' e « peiiAidliL e H -2 1 -2 op-1 -
Real filter DNJs current, A Iransmlssmn peak transmission, A Diode flux, W| Wmm=2sr* W cm?sr cm?2 srt 1l

:Pol 0 1347.1 3.10E-07 0.72 4.32E-07 1.53E-06 7.34E-08 7.34E-06 2.02E+13 6.67E-11 7.50E-11 0.89
|Pol 60 1333.7 3.10E-07 0.72 4.32E-07 1.53E-06 7.34E-08 7.34E-06 2.02E+13 6.61E-11 7.50E-11 0.88
|Pol -60 1337.4 3.40E-07 0.72 4.74E-07 1.68E-06 8.05E-08 8.05E-06 2.21E+13 6.04E-11 7.50E-11 0.81
|Fe 231.8 1.20E-07 0.90 1.33E-07 4.90E-07 2.35E-08 2.35E-06 6.23E+12 3.72E-11 9.02E-11 0.41
|He 9249 3.00E-07 0.96 3.13E-07 1.03E-06 4.96E-08 4.96E-06 1.46E+13 6.36E-11 8.95E-11 0.71
WB 13415 3.25E-07 0.97 3.35E-07 1.19E-06 5.69E-08 5.69E-06 157E+13 8.57E-11 1.04E-10 0.82

ed without nonlinearity
Pl 0 1347.1
|Pol 60 1333.7
“IPol -60 1337.4
Fe 231.8
He 947.7
fws [ 1343

* average transmittance in peak is taken from
corresponding xls file

** polarizers are described in Optical model

Diode coeff. (NIST

" obtained as TS, "Ap*QE*g

/.

Akzﬂpix'sap'T'QE'g

s40t  for example

568nm), AW 0
Diode coeff. (NIST 0
530nm), AW
Conversion E/B, >
W/(W mm-2 srl)
Photon energy 550 nm 3.636¢
e=hcflambda, J 530 nm 3.774¢
587 nm
he, J*m 2.00E
Photodiode sensitivity, AIW NIST
wavelength, nm sen
531 0
568 0
674 0
'=> calculated for ASPIICS filters
530.45 0
550.00 0]
587.70 0

Qpix = 1.8-10719 [s7]

S

ap

= TR?

T = 0.39

QE

~o
~

(2.81arcsec)?

18.52 [cm?]

(0.79 + ND50%)
0.65

g = 0.12 [DN/el™]

Shestov et al. 2021




How to measure FFP brightness

Flat Field
ASPIICS Panel
WBF+Pol
ASPIICS
photodiod
j spare filter

Radiometer assembly

Lyn =B - App - Qpp + D * Photodiode has the same filter
 Biggest error — subtended angle /
Apn — photodiode area photodiode entrance (!!!)
{}pn —subtended angle * Big discrepancy in the case of NBF filters

D i A W > IS
sensitivity [Ampere/Watt] * Origin is not clear; B(V) has been used



Radiometric sensitivity

Conclusions:
« A _measured for 6 filters

o 80-90% correspondence to theory

« Nonlinearity of DN vs t.,

. Advantage in using extended diverging light source
« Biggest uncertainty — photodiode stability & solid angle

. Unknown effect for narrow-passband filters
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Nonlinearity corrected

Exposure time t.,, s
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Nonlinearity

Conclusions:
« The nonlinearity Is attributed to the process of
electron — DN within the detector

« The nonlinearity function is within +2% below -
5% at smaller signal;

. It was measured using WBF data
« Excellent results for other filters




Influence of the filter

It of the limb with fit_limb()}
IO center: 1002.3, 1027.9 pix

10°

R 385.4 pix

10-02

120 mm

320 mm

Lyot Stop

Filters and
Polarisers

233,9mm

800 mm




IFIt of the limb

with fit_limb()

Filters and
Polarisers

120 mm 320mm 233,9mm
800 mm
1028.50
X average
EWE Ak
v
1028.00 ¥ EWE HDD3
WE HDD4
v ¥Fe Ak
1027.50 "f
¥Fe HDD3
- Fe HDD4
*
Z  1027.00 a + +He Ak
=3 | + 4
Q
2 + +He HDD3
c (|
E H He HDD4
§ 1o %k * ®P1 Ak
o
- ¥ « +
4)1(4 ®P1 HDD3
1026.00 : P1 HDD4
4 = P2 Ak
ot' 4P2 HDD3
102550 P2 HDD4
*P3 Ak
%0
*P3 HDD3
1025.00
1001.30 1001.80 1002.20 1002.80 1003.30 P2 HDD4

¥ coordinate, pix

e ~2 pixel shift of the IO center (!)
* slight wedge-shape of the filters




o Dark frames
o Radiometric sensitivity

o Flat field
_ . _ _ « Nonlinearity
* Calibrations in Aug/Sep 2021 during ~3 weeks ' . pojarization
o A . . . . e |0 position
A-posteriory analysis of the calibration data e el
* Surprises in every characteristic » Hot pixels

* It would be better to discover them during the calibration
campaign

* Comparison with theoretical model is essential
* Now we are aware of all these pitfalls & effects

* Radiometric calibration using large & divergent source



Thank you!
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