Diffraction in ASPIICS

S. Shestov A.Zhukov C.Aime R.Rougeot
Metis 10" workshop
11-13 Feb 2026



#StayWithUkraine - strike on 3™ Feb

NG X101 @ — BI/IA lepanin

wors @ — KPME «X-22» @ — APFIE eKunaxans

Mo PAOAP = monitorwar
/] t.me\monttor._ua /}/ -4 t.me/monitoringwar
7
: e iz
: a S\ || 152 -
Nyusk 4 Pisred ..., Kuié“ p ‘g’;,(
y i N
Wuromup

-
TepHonine: -
XMenbHUULKMA! s
aia&ugﬂE 8
v NS =
IBaHO-DpaHKiBEBK S
A yxropon

Yeprisui

Pyx noBiTpsHuX Linen
Hap TepuTopieto YKpaiHH.

6 no 03.02.202¢€

Mana rpyHTYETbCS Ha iHGopMaUl i3 Tenerpam kasany
@monltor_ua, kaHan @monitoringwar - sisyaniaye ii 3a
npoxakHsm «MMO PALAP». HanpsaMku pyxy, ski Bka3aHi Ha Mari,

E OGO KM BALEEORCI EXEPSICHA G < 03.02.2026 A_L..H, 521

nno PAOAP = monitorway 3acio
t.me\monitor_ua <4 t.me/monitoringwar noBITPAHOIO
Hanapy

(6nnzbKo 300 4)

(09.30)

SHOT DOWN - 450

- 412 BopoXxux bnJ1A

- 3 Kpunari paketTu X-22/X-32

- 4 MKP UnpkoH/OHiKe

- 11 6anicTU4HUX pakeT IckaHpnep-M/C-300
- 20 KpunaTtux paket X-101

W S

{ MosiTpsHi
Cunn

REUTERS




ASPIICS observations

e Diffraction is weak — we normally do not see it directly (large 15D and large R )
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ASPIICS Diffraction

Models of
e Aime C. 2013
e Rougeout et al. 2017
e Shestov & Zhukov 2018

Main properties: "
ISD, Rgp, Rio

o) symmetrical

e Depends on R
geometry

sun’

e Circular shape (shade of the |10),
two-peak profile

ncreasing internal occulter -

e Depends on symmetry & pointings
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ASPIICS , diffraction and misalignments

Shestov & Zhukov 2018

a) Symmetrical case
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Coranagraph
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o) symmetrical

b) Sun is shifted

d) Coronagraph is shifted
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d) 25 orcsec tilt

) EQ is shifted

e) Coranagraph is tilted



ASPIICS , diffraction and misalignments

Detector Detector

Sun

Case 1 — telescope tilt

External occulter Internal occulter

Detector Detector DS

Case 2 — solar shift

Exaggerated! 5 pix = 14”
& 10 mm displacement




ASPIICS Diffraction

Models of
e Aime C. 2013
e Rougeout et al. 2017
e Shestov & Zhukov 2018

Main properties:

1.

Primary focus — bright ring (single peak, broadened)
Detector plane — bright ring (two-peaks)
Depends on the |0, ISD, R,

Detector plane - remains in the same geometrical location (10
projection)

Misalignments => nouniformity along PA (&)

Under large tilt — unobscured bright ring is projected to the detector
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Fig. 10. Observed intensities as final response in the focal plane, in log-
arithmic scale. The transverse radius is given in solar units. The intensi-
ties are normalized to the mean solar brightness. Black: system Sg given
by Iz(r) in plane B. Blue: system S; given by Ip(r) in plane D. Black:
system Sg given by I3(r) in plane B. Red: system Sg;. given by Ip(r) in
plane D.
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ASPIICS observations

 Diffraction is weak — we normally do not see it directly

ASPIICS Wideband 2025-08-15 02:17 UTC

Intensity, MSB

BUT

* Large off-pointings ~¥1° — the main diffracted ring is not covered by
the 10, we see it on the detector (orbit 352 — 0.8 °, orbit 152 - 1.5 °)

* Diffraction appears in the vignetting zone under moderate off-
pointings ~20-40 arcsec (orbit 152)



Large Off'pOi nt| ng Orbit 352 — 2025 Sept 19

~0.8° off-pointing

aspiics_fe 11_16004067000213_20250919T115436
Exp. Time: 0.01s

Mean: 2078.39 DN
FOV mean: 2082.09 DN

FILTER: Fe XV 0 1000 2000 3000 4000 5000 6000




La rge fo-poi nt| n g Orbit 352 — 2025 Sept 19

~0.8° off-pointing

ID_phiF.z145017.4mm.R15@2arcmin.rtho50.phi800_4000. |
101735mmH.CR425 L A235.JJ4096.T002874_S@000.cart13.fits

2874.00
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Tit: 000

Shift,;  0.00

aspiics_fe_I1_16004067000213 20250919T115436
Exp. Time: 0.01s

Mean: 2078.39 DN
FOV mean: 2082.09 DN
Py

FILTER: Fe XIV 0 1000 2000 3000 4000 5000 6000




Large off-pointing

aspiics_fe I11_16004067000213_20250919T115436
Exp. Time: 0.01s

Mean: 2078.39 DN
FOV mean: 2082.09 DN
IH

FILTER: Fe XIV 0 1000 2000 3000 4000 5000 6000

Brightness, MSB

Orbit 352 — 2025 Sept 19
~0.8° off-pointing

0.9 . ra i f 1.3 1.4

:l | rT1rT 1T TrrTTTd rTTr1rT T rTTT | rrrTTrTrTTT rTrrrrTTTd | rT 1T TrirTT | LI L I I:
10°% color curves - experimental data —

- — diffraction model E

- angular size of EO .
10" ' =
107 =
10° ,V U‘_g
107 | L

300 350 400 450

Radial distance from Solar/EO center, pixels

* Higher efficiency of the 3D occulters
» Verification of ASPIICS calibration
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Orbit 152

Orbit 152
CRVAL1 corrected +
A, Ay

aspiics_wb_|2_0980400A000111_20250408175111
Mean: 5.43E-08 MSB :
FOV mean: 4.38E-08 M&3B :

FILTER: Wideband
Exp. time: 0.11s
FILT_POS: unknown
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Orbit 152

Orbit 152
CRVAL1 corrected
+A, A,
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aspiics_wb_|2_0980400E000111_202504081180433
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aspiics_wb 12 0980401000011 1_2025040851 80754
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Comparlson off-pomtmgs

1000 1200 1400

alAsSe=.+15/-7 ar

Inner part 1144 x 1144 pixels

d)A'Se= 17/-45 arcsec

Brightness, MSB

—
o

10°

'
(=]

IIIIIIII | lIlIIII|

300

500 600
Radial distance, pixels

800



Refinement of the model

* Geometrical prescription

* Variable R,5(®)

 Scales in simulations

* Empirical radiometric factor 20%

* Solar limb darkening

F’olor dependence of d|ffrect|0ﬂ frmge rodms
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Orbit 152 observations vs model

Original image Diffraction After removal (next slide)

Inner part 1144 x 1144 pixels



Brightness, MSB
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Typical configuration 23 May 2025

ASPIICS Wideband 2025-05-23 17:50 UTC
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Typical configuration 15 Aug 2025

ASPIICS Wideband 2025-08-15 02:17 UTC
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Conclusions

e Diffraction (and straylight) is very low — at least 2 orders below coronal
signal

* We had few opportunities to directly see diffraction

e Diffraction model of Shestov & Zhukov 2018 (based on Rougeot et al
2017, based on Aime 2013) works reasonably well

e Qualitative behavior was fully confirmed!

* Excellent correspondence at large off-pointings (~1°), reasonable at
moderate (~40 arcsec)

* Some refinement was necessary
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