Alignment between IRIS and ground-based data

Luc Rouppe van der Voort

Rosseland Centre for Solar Physics, University of Oslo

tutorial, IR1S-9 Workshop in Goéttingen, 25-June-2018

Rosseland
Centre

for SOLar
Physics



steps in alignment SST and IRIS

—+make level3 data cubes for crispex viewing



steps in alignment SST and IRIS

—+make level3 data cubes for crispex viewing



example: 3-Sep-2016

20160905_074446_3625503135 : AlA 1700: 2016—-09-03T07:43:05.72

1000

500 .20160903_0?4446_3625503135: AlA 1700 2018-09-03T07:48:05.72

‘pointing

ecommon time range
ematch spatial sampling
ematching diagnostics
®Cross-correlation

*|RIS internal alignment
e|lcvel3 cubes (crispex)

—o04

1000
— 1000

—B00 —580 —360 i —044 -52¢



IRIS

Medium dense 16-step raster 5x60
07:44 - 10:03 UT

SJI 1330, 1400, 2796

exposure time 0.5 s (21 s cadence)
0.166 arcsec / pixel

SJl 2796 Mg k core

c]

r—Y [arcae

ola

—500 —-5B0 —560 —-540 —520
solar—X [arcsec]

20160905_074446_3625503135 0 : 07:44:53

example: 3-Sep-2016

*poINting

ecommon time range
ematch spatial sampling
ematching diagnostics
®Cross-correlation

*|RIS internal alignment
e|lcvel3 cubes (crispex)



example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 -
07:44 — 10:03 UT g§¥ig Ealg¥1g542, H-alpha
SJI 1330, 1400, 2796 : ' .
exposure time 0.5 s (21 s cadence) 0.057 arcsec / pixel

0.166 arcsec / pixel Call 8542 -1.750 A

60 —

*poINting

ecommon time range
ematch spatial sampling
ematching diagnostics
®Cross-correlation

*|RIS internal alignment
e|lcvel3 cubes (crispex)

SJdl 2796 Mg k core

50—

40 —

c]

r—Y [arcae

5 30—

ola

y [
¢
L s
-

20—

solar—X [arcsec] 10—

—600 —5B0C —560 —-540 —520 -
20160905_074446_3625503135 0: 07:44:53

o

0 10 20 30 40 50 60
SST/CRISP 2016.09.03 Q7:49:00 ¥ [arceec ]



example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 -
07:44 - 10:03 UT 85?25 Ealg¥1g542, H-alpha
SJI 1330, 1400, 2796 : ' .

exposure time 0.5 s (21 s cadence) 0.057 arcsec / pixel

0.166 arcsec / piXEl Ca Il 8542 —1.750 A
" Ca |l 8542 line scan: 21 positions
: o RPN
SJl 2796 Mg k core LT S L St

50

70

PO 40
£}
§ 50 3
. 2
T o
I L.
g 40 G, 30
9 ol
L3 )

30

20
20
—600 -580 —560 -540 —520

solar—X [arcsec] 10
201609035 _074446_3625003135 0 07:44:53

O

0 10 20 30 40 50 60
SST/CRISP 2016.09.03 07:49:00 ¥ [arcsec]



example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 -
07:44 — 10:03 UT g§¥ig Ealg¥1g542, H-alpha
SJI 1330, 1400, 2796 : ' .

exposure time 0.5 s (21 s cadence) 8.057 arcsec / pixel

8.166 arcsec / pixel Ca Il 8542 line core

60

Sl 2796 Mg k core

50

~J
o

()]
Lo

40

m
a

.

o
ol
2

golar=Y [arczec]
y [arcsec]

(o]
o

20

ho
o

—500 —-5B80 —560 -540 —520
solar—X [arcsec] 10

20160902_074446_35625503135 0 : 07:44:53

O

0 10 20 30 40 50 60
SST/CRISP 2016.09.03 07:49:00 ¥ [arczec]



example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 _
07:44 - 10:03 UT Shap L8 ot 0042 fimatpha
SJI 1330, 1400, 2796 : ' .
exposure time 0.5 s (21 s cadence) 0.057 arcsec / pixel
0.166 arcsec / pixel

x| IDL O | IDL 2 | -pointing

~scOommon time range
‘match spatial sampling
‘matching diagnostics
®Cross-correlation

-
My RiSinternal alignment

%IJ/ elevel3 cubes (crispex)

Ca Il 8542 -0.595 A

P

photospheric SJI 2832 would have been best match
but was not chosen to keep fast cadence and telemetry




example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 _
07:44 - 10:03 UT Shap L8 ot 0042 fimatpha
SJI 1330, 1400, 2796 : ' .
exposure time 0.5 s (21 s cadence) 0.057 arcsec / pixel
0.166 arcsec / pixel

X| IDL O

5 - epointing
SJl 2796 - Mg Il k corel Ca ll 8542 -0.595 A |

ecommon time range
ematch spatial sampling
ematching diagnostics
cross-correlation
*|RIS internal alignment
e|lcvel3 cubes (crispex)

e : 3 . el " .
- _ :




example: 3-Sep-2016

IRIS SST

Medium dense 16-step raster 5x60 B

07:44 — 10:03 UT CRISP Ca II 8542, H-alpha

SJI 1330, 1400, 2796

exposure time 0.5 s (21 s cadence)

0.166 arcsec / pixel
DL O DL 2

07:49 - 10:10
0.057 arcsec / pixel

- epoInting

ecOmMmon time range

S ematch spatial sampling
ematching diagnostics

*cross-correlation

*| RIS internal alignment

elcvel3 cubes (crispex)




example: 3-Sep-2016
IRIS QST

Medium dense 16-step raster 5x60 _
07:44 — 10:03 UT Shap L8 ot 0042 fimatpha
SJI 1330, 1400, 2796 : ' .
exposure time 0.5 s (21 s cadence) 0.057 arcsec / pixel
0.166 arcsec / pixel
DL O DL 2

- epoInting
ecommon time
ematch spatial sampling
ematching diagnostics
*cross-correlation

¥  elRISinternal alignment

« e|lcvel3 cubes (crispex)

~ South-Atlantic Anomaly (SAA)




example: 3-Sep-2016

IRIS SST

Medium dense 16-step raster 5x60 B
07:44 — 10:03 UT CRISP Ca II 8542, H-alpha
SJI 1330, 1400, 2796
exposure time 0.5 s (21 s cadence)
0.166 arcsec / pixel

DL O DL 2

07:49 - 10:10
0.057 arcsec / pixel

- epoInting
ecommon time
ematch spatial sampling
ematching diagnostics
cross-correlation
¢|RIS internal alignment
e|lcvel3 cubes (crispex)




example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 _
07:44 — 10:03 UT Shap L8 ot 0042 fimatpha
>JI1 1330, 1400, 2796 0.057 arcsec / pixel

1 R c (D1 ¢ radanrca)
exposure time 0.: Ca Il 8542 blue wing (—0.595 A)

0.166 arcsec / p1  “pmrrTTTTTT [T [T [ ]
- - epointing

: ecOommon time
ematch spatial sampling
ematching diagnostics
‘cross-correlation
¢|RIS internal alignment
e|lcvel3 cubes (crispex)

J00 —

100




example: 3-Sep-2016
IRIS SST

Medium dense 16-step raster 5x60 _
07:44 - 10:03 UT Shap L8 ot 0042 fimatpha
SJI 1330, 1400, 2796 : ' .
exposure time 0.5 s (21 s cadence) 0.057 arcsec / pixel
0.166 arcsec / pixel

Ca 8542 -21 km/s : 2016—-09-03:07:49:00 : 07:49:21 S 2796 2018090253_074446_3625505135 @ 0/7:49:24

e —— . eNNiNnti
Ca Il 8542 -0.595 A SJI 2796 - Mg Il k core pointing

T ecommon time

ematch spatial sampling
ematching diagnostics
*cross-correlation
¢|RIS internal alignment
e|lcvel3 cubes (crispex)

7Q

50
e
R - 40

% 30

It | - — fr<ia
—580 —580 =570 —560 —-550 —-540 —530 —59'0"'---..:?80 =570 —560 =550 [ =540 =530

.

_‘,?a;* .

“ﬂpzk‘{,_ S rad 3:5'
ol A




O (@) \ CRISPEX-446: Control Panel

CRISPEX File View Movie #nalysiz Help

Doppler wiacity [ken/s)

Diagnostics ] Analysis ] Overlays ] Displays ] Plots 0 750 0 250 0 250
: ' T ] l‘ I 1 I 1 4 1 I 1 ]
Tesgoral ] Spectral ] Spatial ] Stokes ] Scaling . i [
e “Cl"sSilv *
Based on first non-zero imace 4 t
Spectral vindow: Mg 1 k 2796 Xy raS e r i ﬁ
Histogram optimisation | D.000100000 '._3' i
. B i
0 100 T i
Image minimm [2) Inage maxcimum [7] = :
0,887 .g ‘ :
| = b))
Reset Dj'n.-nl] Reset all E :
] . :
' i
:ﬂ’r' ¥ Axﬂ-{n —
1353.% 13950 27672.0 2798.% 2800.0

alalalal ol xl x| 8] zZow: mx

WAVE [Angstrom)

ﬁj i] _J LJ i] I :I Tl‘—] N\ CRISPEX-4486: Spectral T-slice .
324 85 Doppler velocity [km/s) I n g
} g | = -
Frame rumber Hain spectral position .
— Mon time

Index [px) (13,232) WA (210,232)

. Solar XY [*) (-558.4. 49.7) WA (-553.5. 49.7) B . m a__C L~ S pat' al Sam p | i n g
avelenath 3

Index [px) 825 NA :' -

Value [4) 27%.1 WA 2, . - .
I 1 *matching diagnostics
Tine 3 ' -

Indox [px) 24 A 48 2

Value (UTC) 09:37:28,340 WA 0337126, 430 o C rOS S C O r re at | O n
Local (UTC) 09:37:36,840 A NA 3
Data values
Value 48.25 A 24.75

__-IRIS internal alignment
elcvel3 cubes (crispex)

-':.._

Date: 2016-09-03 | OBSID; 3629503135

'“f.

llzum

' |
13350 1356.5 13935 13950 27955 21970 27885 2000.0

IDL> crlspex, <im cube>, <sp cube>, sji=<sji>

T _ e . 9y . ey s . » g 4 ... ‘J- ’. - e - “3’ ¥




\ CRISPEX-446: Contrel Pane

CRISPEX File View Movie HAnalysiz Help

Iagnostics Analysis ] Overlays ] Displays ] Plots
Tesgoral Spectral |  Spatial Stokes l Scaling
Hain image

Based on First non-zero image

Spectral vindow: Mg I k 2798

Histogran optimisation | .000100000

0

100

) mlm

Inage minimm [2)

Inage maximum [7]

0,887

|
Ganma
Fesel cxrent
\';\
“« iri»
324
)
Frame rumber
Position Kain
Index [px) (13,232)

Solar XY [*]) (-558.4, 45.7)
Navelenath

Index [px]) 825
Value [4) 27%.1
Doppler [kn/s) -14.55
Tine

Index [px] 324
Value (UTC) 09:37:28,340
Local (UIC) 09:37:35,840

Data values
Value 48.25

Reset all

Hain spectral position

Feference Slit-jw
NA (210,232
NA (-553.5. 49.7)
N'A
A
A
NA E48
NA 03:37:26,430
NA NA
A 24.7%

Date: 2016-09-03 | OBSID; 3629503135

RIS internal alignment:
check the fiducial mark in FUV, NUV spectra and all SJ|

Xy raster

&

Doppler wiacity [ken/s)

ntersity [Corrected ON)

S Cl

e

B e e I ]

R

4 9= L e e o e B B e B A e e S

-

1

e
H

- et

o

WAVE [Angstrom)

able scaling [Corrected ON]

Doppler velocity [kr

\ CRISPEX-448: Spectral T-slice

W/ 1]

Calor table a.-t‘:)‘r.z_ [Carracted DN
oy

"a

!1» :

’uu

!M'r

s epoINt|

j,-matc:”ing d

ecommon time
ematch spatial sampling
agnostics

8 eCross-correlation

*IRIS internal alignment
e|cvel3 cubes (crispex)




level 3 cubes with SST lines included
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example: UV burst / Ellerman bomb under surge
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example: UV burst / Ellerman bomb under surge

o o \ CRISPEX-446: Control Pane
(RISPEX  File View Movie Aelysis Melp

Dappler welocity (km /)

Disgnestics ] fralysis ] DoerLays I Displays ] Plots ]

0 MO 0 M0 0 300 0
T ’] ] wu.l ] w1.l ] s ] S(,.lug 20 "nv'ux-u. TTEFETTRSTRT T T T T T ™ T Y 1: L | T Y T , -".'- 0 . ‘7;;, i 4:;3 . _‘3.‘: . a0 ) ‘-;J)
Slit-jaw taage: IRIS 1400 ’ } 0.0 300w 100,0 i 29 0 |
Based on first mon-zero Inage £ | {
Spectral window: NW 1.3¢ 1 3
Histogram cptinisation Ib.om:om T | 3
{ 3
° & i | 3
R | ] 53 i 1.0} j
Inage ninimm (2] Inage macima [X) % ! :
% | £
0,708 L
| 3 z
[REY 0.5} .
Raset current|  Raset all | 656250 A5E4.50 8541.00 8442.50

AR
Yl . 1 L 3 1 1

‘ WavE [fogmtroes |
mer e CLANAC.0D B47.%0

L
13500 1270425

@ sl o x5 8] e ms
ddunin Ol =] ==

WAt [Arguteom )

Doppler velecity [km/s]

Lo 23 Deppler veoaity [km/s)
[ | izl |
Frame maber Main spectral position
Position Hain Refererce Slit-jow
Index [px) (15,233) (214,233) (214,233)
Solar Xr (") (-557.7. 43,9) (-557.8. 49.9) (-557.8. 439.9)
Uswlength
Index [px) «5 b
Valoe [4) 27386 8542,0
Dogpler [kn's) 8.8 0,00
Tise
Index [px] 4 134 74
Value (UTC) 09:41:59 22 09:42:02,716 0941154 500
Lecal (UTC) 03:42:10,180 05:42:02,715 N
Dats values
Yalue 7.0 125,00 75.50

‘Bate: 201608-03 | OESID: 3609503135

WE [¢] (1107

& / .
- |
133800 13372939425 e 8542 50 : ‘ Y A"“: I ”"l' ‘

LLLLEE

0262.9% 364,00 0541,00 254290

WAL [Asgatrom)

O [Agstrom)

3 v : e
b3 5
AP ARSI LY % o Wil swdeiu

IDL> crispex, <im cube>, <sp cube>, sji=<sji>, ref=<ref>




O (@] N\ CRISPEX-446: Control Pane

(RISPEX File View Mowvie falysis Help

Diagnoatics ] Analysis ] Overlays ‘\ Displays ] Plots
Tesperal ] Spectral Spatial Stohes Scalirg

Reatrict spectral rarge of: ™ Main + Refererce Feser

~ Global o Lecal

-184 w7
) J J
Deppler ainimam [n/s) Beppler maciom [n/s)
J Start spectral Blink 4
=] 11
} ) | ]
Position to blink agatrst Refererce spectral position
o 133
Jormernncancnnc S horsnnccnonnn Il eccncen ST fnosnnnennnancnnno |
. e e ] ot oL
Sl alal of x) 2] 8] o mm
« < il » I=15=)
24 123
| ) v )
Frame rusber Main spectral position
Position Main Paference Slit-jm
Index [px] (15,233) (214,233) (214,233)
Solar XY [*] (-857.7. 49.9) (-557.8, 49.9) (-557.8, 49.9)
Wrvelength
Index [px) 1238 i
Value [A] 6561.5 6563.8
Dogpler [kw's) -£8.%2 .54
Tise
Ircdex [px) 324 34 674
Value (UTC) 09:41:59,8%2 09:42:02,716 09241254, 990
Local (UTC) 03:42:10,140 03:42:02, 718 NR
Data values
Value 6. 4720603 5.59M€-03 75.50

Date: 2086~00-03 (BSID: 3825503135

[Correctnd ON)]

ety

example: UV burst / Ellerman bomb under surge

0 Mo 0 00 0
2 0 FrrEETT T Ty T Y Y ™y
| S0 10,0
1.5} |
11 ’
15 }
) 0 *-\qu--'" =
| ST | S - A | A A |
135500 1307. 2030425 279600 pad o N

Ve (&) («10%
?
»

Dappler welocity [bm k)

X< 0
..... S

WE [Agetrom)

Deppier vabocity [km/s)

WAOE [vgatrons)

450 0.0 450 45.0 0.0 45.0
T T T T T
T

Itane ity I orrected DN ]

03
A A A " A N
654250 £564.00 8541 00 8542.%0
wisE [Agerom)
Dopgier wics®y [km/s)

|

M

45.0 00 450 450 0.0 450

*

™E (3] (0%

7

eHE2 50 8544.00 254100 854250

‘

| WOE [Angetroer]

SRl

e e —— e _cn ). - e & e o iag e san _u s oL

IDL> crispex, <im cube>, <sp cube>, sji=<sji>, ref=<ref>




sunspot: SJl 2796 vs Ca 8542
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sunspot: SJl 2832 vs Ca 8542
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sunspot: photospheric SJl 2832 is needed
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disk center Quiet Sun: SJl 2796 vs Ca 8542
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disk center Quiet Sun: SJl 2796 vs Ca 8542

SJl 2796 Call 8542
Mg Il k core blue wing (-0.595 A)

200

Ca Il 8542 blue wing (—0.595 A)

200 200

*poINting

ecommon time

ematch spatial sampling
‘matching diagnostics
®Cross-correlation

*|RIS internal alignment
e|lcvel3 cubes (crispex)

50 50 50

Q 50 100 150
x [pixels]



imb: SJdl 2796 vs Ca |l H

Call H Sl 2796 - Mg k core

*poINting

ecOommon time

ematch spatial sampling
‘matching diagnostics
®Cross-correlation

¢|RIS internal alignment
e|lcvel3 cubes (crispex)




imb: SJdl 2796 vs Ca |l H

Call H Sl 2796 - Mg k core

epoINting

ecOommon time

ematch spatial sampling
‘matching diagnostics
®Cross-correlation

¢|RIS internal alignment
e|lcvel3 cubes (crispex)

Limb: make sure significant disk is in FOV
consider to include photospheric SJI 2832



Alignment between |IRIS and ground-based data
concluding remarks




