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Observing plan for Sunrise lll
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List of all the observing ideas

Title and scientific justification of all the observing ideas
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Observing ideas requiring SCIP
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https://owncloud.gwdg.de/index.php/s/V4FcaGcs0cBigRe
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Object of interest
671 responses

Emerging active region
Network fields

Plage region

Penumbra

Umbra

Light bridge

Bright points

Moat region

Active region dark filament
Spicules
Network-internetwork, Plage...
regions immediately surroun...
A small AR is preferred.
Contain oposite polarities
Flare

active region core (e.g. polar...
Flares

Faculae, small scale fields
Preferably very Quiet Sun to...

Overview of all the observing ideas WIER
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NAOJ
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e We received 61 observing ideas from the Sunrise consortium + 9 proposals through the
SOLARNET program

e The observing ideas have requested for multiple instruments
e 51/61 ideas involve SCIP
e 53/61 ideas involve SUSI
e 53/61 ideas involve TuMag
e 76% (49 ideas + 4 proposals) have requested for quiet Sun + Network fields
o 52% (34 ideas + 2 proposals) have requested for disc center observations
Location
33 (54.1%) 61 responses
25 (41%)
|15 (24.6%)
any 19 (31.1%)
16 (26.2%) disk center 34 (55.7%)
15 (24.6%) polar
16 (26.2%) limb / close to limb 8 (13.1%)

several mu-values
Disk center meridian{—0 (0%)

13 (21.3%)

Low heliocentric angles —2 (3.3%)
Preferable within +/- 30-deg... i1 (1.6%)
we need surroundings of a p... (1.6%
Note: any of the selected loc... (1.6%
Primary target is the disk ce...|Jl—1 (1.6%

p=0.6 and 1.0

It is preferable to observe a...
p=1.0 and p=0.6 are desired ll—1 (1.6%
Disk center best but theta <... Jl—1 (1.6%
preferably within +/- 30-deg i... [l—1 (1.6%
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Steps to build the observing plan ek

All the observing ideas were grouped based on their instrument requirements
Three lists, one for each instrument, SCIP, SUSI and TuMag, were created

For TuMag, the observing modes are already well defined. Only two free parameters: observing mode and
duration of the scan

For SUSI and SCIP, we have many free parameters: FOV, scan speeds or integration times, intensity only or full
Stokes, Spectral window for SUSI, duration of the scan

The first step was to bin the observing ideas with similar demands and to design observing modes for these bins

Initially, we aimed at keeping the observing plan as simple as possible with only 5 modes (SUSI and SCIP)
common to all the targets. Simple plan is easier to program and to test.

But such a plan will limit the capabilities of the instruments
We decided to divide the total observing time into ‘flexible’ and ‘fixed’ times observations

Total observing time ~ 75% flexible time + 25% fixed time
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Steps to build the observing plan ,.m,,-ﬁ.'fvn

During flexible time, the instrument teams can run their own observing plan

During fixed time observations, the three instruments will work in a complementary way. SUSI and SCIP will work in sync
modes, that is the scan time of SUSI is same as SCIP

The total observing time requested in the observing ideas (Sunrise consortium + SOLARNET proposals) is between 116
hours and 135 hours depending on the instrument.

The first day is dedicated to commissioning the instruments. Sunrise | and Il flights lasted for five days. We assume the
same for Sunrise Il

SUSI has limited storage space. From Tino: “the data storage system allows 86 hours (3.6 days) of uninterrupted
observations of SUSI+SCIP+TUMAG. After the 86 hours, the disks are filled up to 85% only, because the write transfer
speed is then getting lower and lower, but is still high enough for SCIP+TUMAG, so that these two instruments can
continue their observations after the 86 hours”

Update: after 86 hours SUSI can continue to observe but in Stokes | mode

We assume that for SUSI, 50% of the total observing time would be required for flat-fielding and calibration
measurements

We have ~43 hours for science observations with SUSI

Due to limited storage space, it is very important to prioritise the observations.
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Challenges observing in the UV e
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Photon budget in UV is low and the photon levels go further down as we move away from the disk center

In darker features such as umbra, we have even fewer photons

To get good S/N ratio, SUSI must do slow spatial scans

Often the SUSI spatial scan speeds requested in the observing ideas are not sufficient to get a good S/N ratio
Slow spatial scans = longer time per scan

Low cadence time-series observations are not ideal

However, a few time-series have been designed but mostly for smaller FOV

For CLV and limb/pole scans SUSI operates at slowest scan speed

In addition spectral, temporal and/or spatial binning can be done to further improve the S/N ratio

Sync modes between SUSI and SCIP

Many observing ideas have requested for sync mode between SUSI and
SClP SCIP and SUSI scanner operation:

52 responses

Photon budget in the infrared is different compared to the UV
Designing sync modes between SUSI and SCIP is challenging
They could be accommodated for QSDC, CLV and limb/pole scans
In active regions, SCIP does faster scans to capture the dynamics in the

chromosphere. If SUSI does faster scans then we do not get good S/N ‘

ratio

@ synchronous (both slits aligned)
@ independent

Hence we only have a couple of sync modes for the active regions
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[ms] [min] [arcsec] [Mbps]

N1D
N1.5D
N1F
N2D
N2F
N3D
N3F
N4D
N4F
N5
N6
R1
R2
R3

(*) data rate and data volume are approximated values because of the uncertainty of image compression

10240
10240
1024
10240
1024
10240
1024
10240
1024
5120
1024
10

10

10

107.1
55.3
11.9
37.0

4.1
9.3
1.0
1.9
0.21
0.26
0.02
0.66
0.17
0.012

58.0
30.0
58.0
20.0
20.0
9.1
5.1
1.0
1.0
0.28
0.09
58.0
15.0
1.0

143.4
143.4
512.0
143.4
512.0
143.4
512.0
143.4
512.0
184.3
512.0
601.1
601.1
601.1

SCIP observing modes

Data Volume

921.5
475.6
365.7
318.1
126.2
80.3
31.9
16.3
6.5
2.9
0.59
23.9
6.2
O.ﬁZ

D: deep mode; F: fast mode; N: normal mode with 1,Q,U,V; R: rapid mode, | only
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SCIP team designed 14 observing
modes based on the requests in
the observing ideas

An additional mode: modified N1F
was later added to accommodate
fixed scans in sunspots



1 87.8s Obs 0-p + Obs 2 + N3F 4,55 QSDC, sunspot

2 Obs 0-p + Obs 2 + N3D 10, 23 QSDC, sunspot, CLV, limb

3 Obs 0-p + Obs 2 + N2D 21 (flares) flares

4 Obs 0-p + Obs 2 + N6 41 (flares) flares

5 Obs 0-p + Obs 2 + R1 42 (flares) flares

6 46.6s Obs 0-s + Obs 2 + R1 1,5 QSDC, sunspot, CLV, limb

7 Obs 0-s + Obs 2 + R2 46, 43‘,’5149’ 20, QSDC, CLV, limb, sunspot

8 31.5s Obs 0-s + Obs 3 + N5 19, 27 QSDC, sunspot, limb, CLV
(Obs 0-s + Obs 3 + N2D) )

9 Obs-1 + Obs-2 + N2D 17, 34, 44 ARcore, AR filament, AR plage

10 | 70.4s Obs 1+ Obs 2 + N1F 26 QSDC, CLV

1 Obs 1 + Obs 2 + N3F 18, 57, 11, 50 QsSbC

12 Obs 1+ Obs 2 + N4D 53 (polar Polar, QSDC

regions)

13 Obs 1 + Obs 2 + N2D 3 QSDC, sunspot

14 Obs 1 + Obs 2+ N1F 22,38,54,24,2 Penumbra, sunspot

15 Obs 1 + Obs 2 + N2F 30, 39, 37 Penumbra

16 Obs 1 + Obs 2 + N3F 14, 45,7, 56 Sunspot, penumbra

17 Obs 1 + Obs 2 + N4F 52 QSDC, CLV

18 Obs 1 + Obs 2 + N6 36 QSDC, sunspot

19 | 26.8s Obs 2 + N3F 28, 60, 40 QSDC, sunspot

20 Obs 2 + N5 12 QSDC

21 Obs 2 + N2D 32 sunspot

22 | 57.9s Obs 4 + N3D 13,16 Spicules/limb

23 | 1235 Obs 4 + Obs 5 + N1D 6, 15, 25, 48 QSDC, CLV, limb, sunspot

24 | 57.7s Obs 5 + N6 47 QSbC

TuMag + SCIP combination modes
proposed by TuMag team

< a5, 2 e DD B B

QSDC: 15 modes [7 unique TuMag combinations]
CLV: 7 modes [5 unique TuMag combinations]
Limb/pole: 6 modes [6 unique TuMag combinations]
Sunspot: 12 modes [6 unique TuMag combinations]
AR core, AR filament, AR plage: 1 each

Spectral lines: Fe | 525.02 nm + Fe | 525.06 nm + Mg | b2 517.3 nm

Observing Modes: N wavelengths N pol States N acc** Total obs time*** Target S/N Size (MB/s)
Obs 0-s: 15 1 2 11,88 500 11,22
Obs 0-p: 15 4 19 53,1 1000 10,04
Obs 1: 10 4 19 35,67 1000 9,97
Obs 2: 8 4 19 26,74 1000 10,63
Obs 3: 5 2 25 11,65 1000 7,63
Obs 4: 3 4 114 57,83 2500 1,84
Obs 5: 3 4 114 57,67 2500 1,84
PD (100 frames): 1 4 1 10,67 1000 66,64

Obs 0-s: spectrocopic mode. 15 wl sampes across the line from -70 to 70 pm with 10 pm step size for Mg | b2

Obs 0-p: extended mode. 15 wl sampes across the line from -70 to 70 pm with 10 pm step size with polarization for Mg | b2
Obs 1: normal mode. 9 wl points in the line + continuum [ -30, -20,-10,-5,0, 5, 10, 20, 30, 70 ] pm for Mg | b2

Obs 2: normal mode. 7 wl points in the line + continuum [-12,-8,-4,0,4, 8, 12, 22 ] pm for Fe | 525 lines

Obs 3: fast mode. 4 wl points in the line + 1 continuum [ -8, -4, 4, 8, 22 ] pm for Fe | 525 lines. Stokes | and V only.

Obs 4: deep mode. 3 wl points in the line [-10, 0, -10 ] pm for Mg | b2 line

Obs 5: deep mode. 3 wi points in the line [-8, 0, -8 ] pm for Fe | 525 lines

Obs 0-p + Obs 2 20.67
Obs 0-s + Obs 3 18.75
Obs 1 + Obs 2 20.60
Obs 4 + Obs 5 3.68
Obs 0-s + Obs 2 21.85




SUSI slit scan speeds for sync modes

7/15 SCIP modes are used for fixed observations in sync with

SUSI. They are highlighted in the table.

The slit scan speed for SUSI for these sync modes are
calculated below

For SCIP:

Nstep=FOV/0.0936”

Integration time= 0.512 * Npmu * Nslit

Normal mode scan time = (integration time + 0.128) * Nstep
Rapid mode scan time = 0.064 * Nstep

For SUSI:
Scan speed= FOV/(SCIP scan time)

For a given SCIP integration time, SUSI slit scan speed
decreases with FOV

Sound speed

Photosphere: 7 km/s

Chrom: 10 km/s (Ca Il H & K formation heights)
Upper-chrom: 15 km/s (Mg Il h & k, Ly-alpha)

Corresponding scan speeds:
Photosphere: 0.0096”/s
Chrom: 0.0138”/s
Upper-chrom: 0.0206”/s

No.

© | oy O 0B

1

12

13

14

15

Mode

N1D

N1.5D

N1F

N2D
N2F
N3D
N3F
N4D
N4F
N5

N6
R1
R2

R3

Modified
N1F

FOV

58” (58.032”)

307(30.046")

58”(58.032”)

207(20.03”)
207(20.03")
5.17(5.05")
5.1”(5.05”)
1.07(1.03)
1.0”(1.03)
0.28”
0.09" (s & s)
58"(58.032)
15”(15.07)

1.0°(1.03")

58”(58.032”)

Integration

time

10.240

10.240

1.024

10.240
1.024
10.240
1.024
10.240
1.024
5.120
1.024
0.01
0.01
0.01

2.048

SCIP
Nstep

620

321

620

214
214
54
54
1
11
3
1
620
161

1

620

Duration

107.1 min

55.4 min

11.9 min

36.9 min
4.1 min
9.5 min
1.056 min
1.9 min
12.6 s / 0.21 min
15.7 s/ 0.26 min
1.15s/0.02 min
39.7 s/ 0.66 min
10.3s/0.17 min

0.72s/0.012 min

1349 s/ 22.49 min

(A ISE)]
s, 9 e @D B

W
sun

Scan speed
(arcsec/sec)

0.00902
0.00901

0.0812

0.00901
0.0811
0.00894
0.0805
0.00877
0.0789
0.0178

0.0434

10



Data volumes

SCIP (hr) | SCIP (hr) [SUSI (hr)| SUSI (hr) | TuMag (hr)| TuMag (hr) TuMag |TuMag (GB)
Target | “Nocal | Withcal | Nocal | Withcal | Nocal | Withcal | (GB) L)) (GB) | With cal
Quiet Sun | 455 2167 |M85+601 4957 15.24 21.67 2785.8 29862.0 1041.36
disc center min
Pole 411 777 4.05 777 411 777 84554 10206.0 235.824
CLVitowards| /o 95 425 95 46 95 701.85 10710.0 346.093
pole, mu=0.7
CLVtowards| ;o 95 425 95 46 95 701.85 10710.0 346.093
pole, mu=0.5
East/West 20 45 1.85 45 2.0 45 128.155 4649.0 148.32
limb
Sunspots |  12.01 17.25 5'8%: 400 1157 12.01 17.25 2569.1 16438.8 859.858
Ot?r‘;;fj 10.312 18.22 79 15.25 10.312 18.22 2754.66 20155.8 779.392
SUSI full
spectral scan| 1.2 10.35 + 12 10.35 + 12  |1035+1035| 860.35 28224.0 833.414
10.35 10.35
(QS+ plage)
Flare
: 12 14.1 2 3.15 12 14.1 162000 5040.0 52320.9
observations
Low latitude | =, 4 4.72 233 4.72 233 4.72 23351 5880.0 113.54
coronal hole
66.402 +
'~ 1127.93 hr|55.04 + 2| 105.93 hr |66.402 + 12| 127.93 hr
fets 78 14202' nr |5:33 days [= 57.54 hr) 4.41 days |= 78.402 hr| 5.33 days pES 22 141478 AT

11



Priority blocks ).

We have designed priority blocks for different targets

These blocks contain up to four observing modes

They can be considered as the smallest unit of observations

The blocks make it easier to hop between targets

The flat fielding and calibration blocks would have to be placed around these blocks and if necessary, in between them
SUSI scans in the blue can only be done around noon

Hence we have created Elevation-dependent ( ), Elevation-independent (green) blocks, and blocks without
SUSI ( )

Elevation-independent blocks can be run any time of the day, for example, right after commissioning

The high priority blocks are designed to be Elevation-independent

12



Priority blocks DR .,

SUSI scans in the blue (A < 350 nm) are grouped in Elevation-dependent blocks

For QSDC, Elevation-dependent blocks can be done within a 12 hour window between 6AM - 6PM (local time).
Measured flux at 300 nm, 313 nm, 388 nm & 397 nm as a function of time can be found here

For pole and CLV observations, Elevation-dependent blocks must be done close to noon

Some of the SUSI observations are shorter than that of SCIP and TuMag which makes the length of the priority blocks
different for SUSI and SCIP or TuMag

To get the maximum science out, we must first run the blocks which last the same duration for all three instruments.
This way SUSI does not need to be turned off early in the mission. The high priority blocks are designed to be of equal
length

The blocks can be interrupted in case there is a flare. This must be agreed upon by the three instrument teams.

If an observation in one instrument fails, then the other instruments continue. The failed instrument will either
automatically join when mode changes or with manual interference

If we are left with disk space, then the blocks can be repeated on different targets

13



Esmones Quiet Sun disc center f)ﬁgﬂ
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| Minimum success |

SCIP Susi TuMag Ols covered
Scan  Duratio SEED S Scan Duration
No Priority FOV  Exposure . N FOV speed SP- . N Mode Cadence Duration Slit position Susl SCIP TuMag
time n (min) (“Is) window time (min)
SUSI does 8. 27.36
0.09” 1.0s(N6) 1.0s 30 0.15” 0.01 CallK 15s 30 small scans TEETT 112,27, 36, 47
52
around SCIP
26, 18,
" f » f Obs 1 + 1.6,25 | 1,6,15,25 | 57,1, 50,
58 10s (N1D) 107 min 107 58 0.00901 CallK 107 min 107 Obs 2 70.4s 6.06 hrs Sync 4,48, 76, 48.51, 60 | 51. 3,36,
52
1" 10s(N4F) 126s 60 1 00789 CallH 126s 60 Sync WL
N ” 410.5 -
1 1.0s (N4F) 126s 60 1 0.0789 2075 126s 60
» . " 410.5 - . 1,6, 15, 25,
58 10s (N1D) 107 min 107 58 0.00901 4075 107 min 107 Sync 1.6.25 26, 48, 51, 60
m » 410.5 - . Obs 0-s + .
58 10 ms (R1) 39.6s 60 3 0.025 4075 2 min 60 Obs 2 46.6s 60 min Independent | 50, 12, 5
” . " 359.8 - . Obs 4 + . 25,33,29, | 1.6,15,25, | 6.15.254
58 10s (N1D) 107 min 107 58 0.00901 3578 107 min 107 Obs 5 123.5s 107 min Sync 20 26, 48.51, 60 8
, ,, 327 - Obs 1 + . 25, 26, 19, 28, 60,
5) 1s (N3F) 63s 120 5 0.0805 329 63 sec 120 Obs 2 70.4s 120 min Sync 47,11, 43 11, 52, 18, 57 40,12
? REF REF REF Obs 1 + .
0.09 1.0 s (N6) 1.0s 60 SCAN SCAN 407.3 nm SCAN 60 Obs 2 70.4s 60 min
58" 1s (N1F)  11.9min 11.9 4,10
Obs 0-s + 180 min + 5 1,46,
1” 10ms (R3) 0.72s 180 1” 0.32 CallK 3.12s 60 46.6s . Independent 60 20, 31,43.49 | 43,49,
Obs 2 23.8 min 2031
58" 1s (N1F)  11.9min 11.9 4.10
Total (hr) 15.24 12.85 15.24 For underlined Ols more than one

instrument specification requests are met at
the same time

Overview slide



QSDC_1

QoDC_2

QSDC_o

Fixed modes
Flexi modes

Quiet Sun disc center priority blocks

Duration

6.06 hrs

60 min
107 min

120 min

60 min

180 min + 23.8
min

15.24

SCIP SuUsSI TuMag
Scan Duratio e S Scan Duration
No FOV  Exposure . X FOvV speed SP- ) N Mode Cadence
time n (min) (“Is) window time (min)
° )
- 009" 1.0s(N6)  1.0s 30 015 001  Callk  15s 30
- 58  10s(N1D) 107min 107 58" 000901 CallK 107min 107 ©OP°S by 0bs 7045
-° 17 10s(N4F) 126s 60 O 17 0.0789 CallH 126s 60
o 4105 -
O 1» »
- 1 1.0s (N4F) 12.6s 60 1 00789 N7 1265 60
- 58"  10s(N1D) 107min 107 58  0.00901 4:(?7'55' 107 min 107
. O a 4105 - ; Obs 0-s +
- 58"  10ms(R1) 39.6s 60 3 0025 %= 2min 60 Obs 2 46.6s
- 58" 10s(N1D) 107min 107 58  0.00901 35;’7'88' 107 min 107 OPS 45" 0bs 15355
- 5  1s(N3F) 63s 120 5  0.0805 - 63sec 120 OPS by Obs  79.4s
Q ,, REF REF Obs 1 + Obs
- 0.09" 1.0s(N6)  1.0s 60 goan REFSCAN 407.3nm  oooi 60 5 70.4s
[@s7a s 1s(NtF)  ttomin 119 ©
-o " 10ms(R3) 072s 180 = 1’ 032  CallKk 3125 60 O%sbg';" 46.65
p@s7el 58 1s (N1F)  11.9min 119
Total (hr) 15.24 12.85
Spectral 407.5 nm - callK CallH 327.0 nm - 357.8 nm - 385.9 nm - | 406.0 nm -
window 410.5 nm 329.0 nm 359.8 nm 387.9 nm 408.6 nm
Central 409.0nm | 393.8 nm | 396.8 nm 328 nm 358.8nm | 386.9nm | 407.3nm
wavelength

QsDC_1

e

< a0 @D B B

QS4a
& 4b.

as1/1as? Qs

SDC_2
QsDC_3

With cal blocks

Cal |QS4a+4b| Cal | Qs8| Cal
@spe_1 20m 8m |[107ml| 1h
Qs3 Cal
Sensitive to image rotation
QsDC_3 (8" < FOV=>17)
Very sensitive to image rotation
(FOV <17)

In the above blocks, the fixed modes are highlighted in
white

We created three priority blocks. The number indicates the
priority.

Blocks 1 & 3 are Elevation-independent. They can be run
anytime of the day, for example, right after commissioning.
Only if we can run Block 1 for 6 hours continuously without
interrupting for calibration/flat fielding then QS8 is part of
Block 1. Otherwise, QS8 is in Block 2.

Overview slide



Fioxi motics Quiet Sun disc center ).
[ Minimum success | Data rates and volume

SCIP SUSI (Data rate: 700 MB/s ) TuMag
Scan o] 2B pat Sl S| Scan Duration Data volume iz i
No Priority FOV  Exposure time on rate volume FOV speed winz;)w time (min) [GB] Mode Cadence Duration rate volume
(min)  [MBI/s] [GB] (“Is) [MB/s]  [GB]
0.09° 1.0s(N6)  1.0s 30 64.0 115.2 015> 001 CallK  15s 30 1260.0
0 A ,, . Obs 1 + Obs
58"  10s(N1D) 107min 107 | 17.925 | 115078 | 58’  0.00901 CallK ' 107min 107 4494.0 . 704s  606hrs 206 44941
17 1.0s(N4F) 1265 120 | 64.0 460.8 1 oorse CaIH* o6 60+60 5040.0
: : : : : 410-407 : :
58"  10s(N1D) 107min 107  17.925 115078 = 58°  0.00901 4415’7'55' 107 min 107 4494.0
58" 10ms(R1) 39.6s 60 751375 270.495 3 0.025 441007'55' 2 min 60 2520.0 O%Sb(s"; T 466s  60min 2185  78.66
58"  10s(N1D) 107min 107 | 17.925 | 115078 | 58"  0.00901 335597'88‘ 107 min 107 44040  OPS 45+ Obs 42355 107min 368 23.63
5  1s(N3F) 63s 120 | 64.0 460.8 ‘ 5  0.0805 332279' 63sec 120 50400  OPS by Obs 7045  180min 206 22248

REF REF 407.3 REF

0.09” 1.0 s (N6) 1.0s 60 64.0 230.4 SCAN SCAN am SCAN 60 2520.0
58” 1s (N1F) 11.9min 11.9 64.0 45.696
o " Obs 0-s + .
1 10ms (R3) 0.72s 180  75.1375 811.485 1 0.32 CallK 3.12s 60 2520.0 Obs 2 46.6s  203.8 min 21.85 267.18
58" 1s (N1F) 11.9min 11.9 64.0 45.696
15.24 2785.8 12.85 29862.0 + 15.24 hr 1041.36
hr GB hr 2520.0 GB GB

Overview slide
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Quiet Sun disc center high cadence .

SCIP Susl TuMag
Durati Scan Rlareer
Name FOV  cadence o 0 on FOV speed .sP' s.can Dura.tlo Line gth. Cadence Dura.t|on
steps . < window time n (min) samplin (min)
(min) (“Is) 9
o
17 0.33 407.3 3.03s 10 5250.2A 5 points 4.8s 10
o
S 20s \ 5250.2 + .
3 (rapid 32 30 1 0.16 407.3 6.25s 10 80 1 point 1s 10
mA
mode)
o
17 0.083 407.3  12.05s 10 5250.2A 5 points 4.8s 10
Total
. 30.0 30.0 30.0
(minutes)

New timeline requested by the TuMag team

Spectral window

406.0 nm - 408.6 nm

Central wavelength

407.3 nm

QSDC_HC

High cadence quiet Sun observations are used for “Ultra-local Helioseismology”.
Essentially, it involves detecting the propagation of transient acoustic waves in the
quiet Sun with Sunrise. These waves have been observed naturally in MURAM
simulations in the mid-low photosphere and propagate vertically and spatially along the

surface.

Overview slide



Fixed modes
Flexi modes

No. Target FOV Exposure

SCIP

Scan
time

min
min

For SUSI, full spectral scan is high priority
We would like to do this right after QSDC scans

Duration

5.6 hr

5.6 hr

11.2 hr

SUSI full spectral scan

FOV

5

5

Scan
speed

0.01"/s

0.01"/s

SuUSsI

Sp.
window

Entire
range

Entire
range

Scan
time

8.3 min

8.3 min

Duratio
n

40x8.3
=5.6 hrs

40x8.3
=5.6 hrs

1.2 hr

Mode

Obs 2

Obs 2

TuMag

Cadence
26.74s

26.74s

We would like to have one scan in QS and one in an active region

Duration

5.6hr

5.6hr

1.2 hr

Susl & sCIP
slit positions

independent

independent

Susi

Ols covered

SCIP

TuMag

58, 59

58, 59

Overview slide



SUSI full spectral scan priority blocks

s 2 @ B @
Fixed modes
SCIP Susl TuMag
Scan Duratio Scan Sp. Scan . . FS_1 FS1 |[336 min .
No. Target FOV o | G n FOV e | wiime | G Duration Mode Cadence Duration With cal blocks
- Cal Cal
i = FS1 10:21
o P81 | @ | 75 6144s 83mn 56hr 5  001Us M gamin 40X83= o5 26745 sehr Fs_1 |2h12 | " 25 2h |00
e range 5.6 hrs m 20m |°
FS_1 FS2 |336 min
= Enti 40x83=
o FS2 |Page 75  6144s 83min 56hr = 5  001/s nre - g3min “.X%°% oObs2 26.74s  5.6hr
w range 5.6 hrs
UV flux measurement from
11.2 hr 11.2 hr 1.2 hr -
Tino
Spectral Central wav. Spectral Central wav. Spectral Central wav. Spectral Central wav.
No. . No. . No. . No. .
window (nm) (nm) window (nm) (nm) window (nm) (nm) window (nm) (nm)

1 309.0 - 310.9 309.95 1" 328.0-329.9 328.95 21 354.1 - 356.3 355.2 31 392.4 -394.6 393.5

2 310.9-312.8 311.85 12 329.9 - 3321 331.0 22 356.3 - 358.5 357.4 32 394.6 - 396.8 395.7

3 312.8-314.7 313.75 13 332.1-334.3 333.2 23 358.5 - 360.7 359.6 33 396.8 - 399.0 397.9

4 314.7 - 316.6 315.65 14 334.3 - 336.5 335.4 24 360.7 - 362.9 361.8 34 399.0 - 401.2 400.1

5 316.6 - 318.5 317.55 15 336.5 - 338.7 337.6 25 362.9 - 365.1 364.0 35 401.2 - 403.4 402.3

6 318.5-320.4 319.45 16 338.7 - 340.9 339.8 26 365.1-367.3 366.2 36 403.4 - 405.6 404.5

7 320.4 - 322.3 321.35 17 345.3 - 347.5 346.4 27 367.3 - 369.5 368.4 37 405.6 - 408.6 407 1

8 322.3-324.2 323.25 18 347.5-349.7 348.6 28 385.8 - 388.0 386.9 38 408.6 - 411.6 4101

9 324.2- 326.1 325.15 19 349.7 - 351.9 350.8 29 388.0 - 390.2 389.1 39 411.6 -414.6 4131

10 326.1 - 328.0 327.05 20 351.9 - 354.1 353.0 30 390.2 - 392.4 391.3 40 414.6 - 417.6 416.1

More details on the chosen spectral windows can be found here

Overview slide



309.95f (Free spectral scan, n=6, odd) 311 85f (Free spectral scan, n=6, even)
315.65f (Pos.
319.45f (Pos.
323.25f (Pos.
327.05f (Pos.
402.30f (Pos.
397.90f (Pos.
393.50f (Pos.
389.10f (Pos.
368.40f (Pos.
364.00f (Pos.
359.60f (Pos.
355.20f (Pos.
350.80f (Pos.
346.40f (Pos.
337.60f (Pos.
333.20f (Pos.
407.10f (Pos.

313.75f (Pos.
317.55f (Pos.
321.35f (Pos.
325.15f (Pos.
328.95f (Pos.
400.10f (Pos.
395.70f (Pos.
391.30f (Pos.
386.90f (Pos.
366.20f (Pos.
361.80f (Pos.
357.40f (Pos.
353.00f (Pos.
348.60f (Pos.
339.80f (Pos.
335.40f (Pos.
331.00f (Pos.

SUSI full spectral scan priority blocks

6.3)
6.5)
6.7)
6.9)
6.11)
5.23)
5.21)
5.19)
5.17)
5.15)
5.13)
5.11)
5.9)
5.7)
5.5)
5.3)
5.1)

404.50f (Pos.
410.10f (Pos.
416.10f (Pos.

4.1)
4.3)
4.5)

More details on the chosen spectral windows can be found here

413.10f (Pos.

Execution sequence

6.4)
6.6)
6.8)
6.10)
5.24)
5.22)
5.20)
5.18)
5.16)
5.14)
5.12)
5.10)
5.8)
5.6)
5.4)
5.2)
4.2)
4.4

UV flux measurement

from Tino

Overview slide



Fixed modes
Flexi modes

Exposure

6.144s

6.144s

SUSI full spectral scan

SCIP
S_can Duration
time
87 sehr
min
16.7
oafto 5.6 hr

11.2 hr

Data rates and volume

Data
rate
[MB/s]

21.338

21.338

Data
volume
[GB]

430.174
860.35 11.2 hr  28224.0 1.2 hr 428.6
GB GB GB

Overview slide



Pole modes ).

Fixed modes
Flexi modes SCIP Susi TuMag Ols covered
No. Priority FOV Exposur Scan Duratio = pq, ~ Sean = Sp. ~ Scan Duratio . ;. cagence PUrAtON gyt position  susl SCIP  TuMag
o time n (min) speed  window time n (min) (min)
10.0 s . ,  0.00901 .
(N1.5D) 55 min 55 30 s CallK  55min 55 Obs 4 57.9s 55 Sync 1,13.48 2
1s " » Obs 1 +
(N4F) 12.6s 60 0.15 0.01"/s CallK 15s 60 Obs 2 70.4s 120 Independent 16, 52, 53 |26, 53, 52
1s (N6) 0.02m 60 1” 0.01"/s CallH 100s 60 Independent , 13,16, 53
10ms " " 410.5 - . Obs 0-s +
(R1) ~40s 62 20 0.009/s 2075 37 min 37 Obs 3 31.5s 74 Independent 46, 49 19
1s . " . 359.8 .
(N1F) 12 min 12 20 0.009"/s 3578 37 min 37 Independent 5,10
4.15 4.15 4.15 hr For underlined Ols more than one
hr hr instrument specification requests
are met at the same time

Slit position

slit

In the pole mode, we cover upto mu=0.3 then we go for mu=0.5 and mu=0.7 in the CLV mode
— If 20” is off limb + 40” is on-disk then the bottom of slit is at mu~0.28

03 — If12”is off limb + 48” is on-disk then the bottom of slit is at mu~0.31
We can go for 15” off limb + 45” on-disk.

Overview slide



Pole priority blocks

Fixed modes
Flexi modes SCIP Susi TuMag
No. Priority FOV Scan  Duratio Ry RSN I B I Bee Besdencs
xposure time n (min) speed  window time n (min)
. .. 30" (m'_g;) 55min 55 30" 0'0,3:01 CallKk 55min 55 Obs 4 57.9s
Q.
o 1s (%) ” Obs 1 +
-- 1 (N4F) 12.6s 60 0.15" 0.017s CallK 15s 60 e 70.4s
° (Y
-- S&S  1s(N6) 0.02m 60 1" 0.01"/s CallH  100s 60
, 000901 4105- : Obs 0-s +
10ms (R1) ~40s 62 20 s 2075 37 min 37 Obs 3 31.5s
1s : , 000901 359.8 :
(N1F) 12 min 12 20 s 357.8 37 min 37
415 415
hr hr
Spectral 407.5 nm - 327.0 nm - 357.8 nm -
window 410.5 nm Calik CallH 329.0 nm 359.8 nm 385.9 nm - 387.9 nm
Central | 4090nm | 393.8nm | 396.8 nm 328 nm 358.8 nm 386.9 nm
wavelength
Slit position
slit In the pole mode, we cover upto mu=0.3 then we go for mu=0.5 and mu=07

in the CLV mode

03_, If 20" is off limb + 40” is on-disk then the bottom of slit is at mu~0.28
— If 12” is off limb + 48” is on-disk then the bottom of slit is at mu~0.31

We can go for 15” off limb + 45” on-disk.

LD e @

<) A,

PL_1
Duration |
(min)
. I
120
With cal blocks
Cal PL1
PL_1 [1h7m 55m
74
Cal
415 hr Sensitive to image rotation
(5" <=FOV=>1")
. Very sensitive to image rotation
(FOV <17

In the above blocks, the fixed
modes are highlighted in
white
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Flexi modes
Fixed modes

m

oV

w

0

-

()

&S

(5]

8"

58"

Pole modes
Data rates and volume

SCIP

. Data Data
Scan Duratio rate volume
Exposure time n (min) [MBIs] [GB]
10.0 s .

g 126s 60 640 2304
(N4F)

s 12min 12 640  46.08
(N1F) ' '

4.15 845. 545 4.15 (hr) 10206 GB 4.15 (hr) 235.824
(hr) GB GB

Overview slide



Fixed modes

Flexi modes SCIP

Fov Scan
Exposure  time

z
©

0 10s .
1 (N4D) 1.9min
10” 1s 2 min
33 sec
S&S 10s per
cycle sparse
raster

E-W limb scan is low priority

E-W limb modes

SuUsI
Dura_tion FOV Scan _Sp. Scan time
(min) speed  window
60 20" 0.009's 4‘::7'?5' 37 min
16.7 100 0015 So0% 167 min
60 015 001 CallKk  15s
2.3 hr

EW3: SUSI can do 0.15” scans at one off-limb position for 60 minutes

To be discussed: SUSI cannot do the sparse raster with SCIP for EW3.
[ ]

(n}

)2
< s @D B B
TuMag Ols covered
Duration '\ 4. Cadence Duration | SuSI&SCIP. o\ scip TuMag
(min) slit positions
37 Independent 13
Obs 1 + .
16.7 Obs 2 70.4s 137 min Independent - 26, 53, 52
SCIP slit at 37,
60 57, 77 off limb SOLARNET
and repeat. proposal
1.89 hr 23 hr
Slit positions
No 4 of EW limb mode No5 of polar & EW limb mode
2) N4F N6
1) N4D

sparse raster

Overview slide
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E-W limb priority blocks

<) A,

SCIP susi TuMag
No. FOV  Exposu ?_can Dura_t © Scan .SP' S_can Dura_tion Mode Cadence Duration
- ime  n (min) speed window time (min)
. 10s : ) . 4105 - : EW_1
- O1 (N4D) 1.9min 60 20" 0.009s "oz 37min 37
- ) . ) y 3859- 16.7 Obs 1+
;I - 10 1s 2min 16.7 10 0.01"/s 387.9 min 16.7 Obs 2 70.4s 137 min
u ° 33 sec ° With calib block
S&S - 405 P g0 045" 001%s Callk  15s 60
cycle sparse cal
raster EW_1 1h7m
2.3h 1.89 hr 23hr =
Spectral window | 407.5 nm -410.5 nm CallK CallH 327.0 nm - 329.0 nm | 357.8 nm - 359.8 nm | 385.9 nm - 387.9 nm
Central wavelength 409.0 nm 393.8 nm 396.8 nm 328 nm 358.8 nm 386.9 nm

° E-W limb scan is low priority

To be discussed: SUSI cannot do the sparse raster with SCIP for EW3.
EW3: SUSI can do 0.15” scans at one off-limb position for 60 minutes

Slit positions

No 4 of EW limb mode
2) N4F

Q 1) N4D

Sensitive to image rotation
(5" <=FOV =>1")

. Very sensitive to image rotation

(FOV < 1)

No5 of polar & EW limb mode

N6

sparse raster

LD e @
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E-W limb modes

Data rates and volume

scip . SUSIatarate:70OMBIS)  TuMag
. Data Data
Scan Duration
FOV " N rate volume
” 10s .

33s per
cycle
raster

2 hr 128.155 1.89 hr 4775.4GB 2 hr 148.32
GB

-

Overview slide



CLV towards pole mfé

Flexi modes
Fixed modes SCIP

Exposu Scan Duratio
FO . o
re time n (min)

Ols covered

Susl SCIP TuMag

V
Sync. To be
» 10.0s . " 1,13,
if necessary
Independent 52,8 52 26,52

o 1s
-- ! (Nap) 12O 0 --------
o 10s B 1,13,
-- 20 py M -------- independent | 48.28 | 26,48 0

o 1s F 19, 33, 46,

4.6 4.33 For underlined Ol th
or underlined Ols more than one
hr/mu hrimu hrlmu instrument specification requests are
met at the same time
Slit positions ®  Repeat at two mu values, mu=0.5 and mu=0.7

° Slits to be adjusted such that the center of the slit is at mu=0.5 or mu=0.7

0.50r0.7

Overview slide



Flexi modes
Fixed modes

CLV towards pole priority blocks

SCIP SusSI TuMag
E S D i S S S Di i i et
No. FoV Xposu .can ura.tlo FoOV can : p- _can ura_tlo Mode Cadence Dura.tlon
re time  n (min) speed window time n (min) (min)
;I
E', 58” ILs 107 min 107 58” DTy CallK 10.7 107 Obs 1+ Obs 2 70.4s 107
(N1D) s min CLV_2
- ® (N143F) 1265 60 ®15 001 Callk 155 60 OPS 0"2’ *Obs  g7s 60 With calib blocks
Cal
CLV_1
20” 195 37min 37 30° 0025 CallH 20min 20 OPSOP*Obs g7 37 1h7m
(N2D) 2
N
l ” 10ms " " 410.5 - . Obs 0-s + Obs Cal
E - 58 (R1) 39.6s 60 20 0.009/s 4075 37 min 37 5 46.6s 60 CLV_2 1h7m
” 1s ; ” ” 359.8 - f Obs 0-p + Obs Sensitive to image rotation
- 58 (N1F) 12 min 12 20 0.009"/s 3578 37 min 37 5 87.8s 12 (> <= FOV 2> 1
4.6 4.35 4.6 . zéegyvier;s"i)tive to image rotation
hr/mu hr/mu hr/mu
In the above blocks, the fixed CLV1 and CLV4 are grouped in Block 1 so that
modes are highlighted in the length of the high priority block is the same
white for all three instruments
Spectral window |407.5 nm -410.5 nm CallK CallH 327.0 nm - 329.0 nm | 357.8 nm - 359.8 nm | 385.9 nm - 387.9 nm
Central wavelength 409.0 nm 393.8 nm 396.8 nm 328 nm 358.8 nm 386.9 nm

Overview slide




Fixed modes
Flexi modes

FOV

58

20”

58

58

Expos
ure

10.0's
(N1D)

1s
(N4F)

10s
(N2D)

10ms
(R1)

(N1F)

SCIP

Scan  Duratio
time  n(min)

107 min 107
12.6s 60
37 min 37
39.6s 60

4.6
hr/mu

Data
rate
[MBI/s]

17.925

64.0

17.925

75.138

CLV towards pole

Data rates and volume

Data
volume
[GB]

115.079

230.4

270.497

701.85
GB

4.35 10962.0
hr/mu GB

4.6 hr/mu

346.093
GB
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Fixed modes S u n S pOt m O d es mmffﬁg%.m..

Flexi modes
| Minimum success |

SCIP susl TuMag Ols covered
Exposu Scan Duration SN S Scan Duration Caden Duration
No.  Priority  Target FOV P . . FOV  speed SP- ) " Mode " Slit position  SUSI SCIP TuMag
re time (min) (“s) window  time (min) ce (min)
20485 55 225 Obs 1+ 2.10,22.37, | 3,22.38, 54,24, 2
58" (mod. ; 225 58" 0.043 CallH ; 225 70.4s 129.5 Aligned 2,22 | & TS ED (AR S ST S
N1F) min min Obs 2 38, 39, 54 0
” 10ms " 107 . 39,37,14,45,7,
58 (R1) 40s 107 58 0.00901 CallK - 107 independent 37 5,42 56, 36
Center of
" ) Obs 0-s 27.36. | 27.36.41,
0.09” 1s (N6) 1s 60 0.15 0.01 CallH 15s 60 +Obs 3 31.5s 120 sungrlgt for 8, SL9 SL9 27, SL9
» » 410.5 - Center of
0.09” 1s(N6) 1s 60 0.15 0.01 4075 15s 60 sunspot? 27, 36 27, 36, 41
,, 1.0s 11.9 ,, 410.5- 11.9 . 2,10, 22, 37, 3,22, 38, 54,
58 (NTF) min 11.9 58 0.0812 2075 min 11.9 Aligned 54 38, 39, 54
m o Obs 1 + 30,39, | 14,30,45,52,| 24,2,30,39,37,
1 1s (N4F) 12.6s 180 3 0.08  327-329 37.5s 60 Obs 2 70.4s 191.9 Independent 14 56 14,45, 7,56, 36
, 11.9  11.9 m/day Obs 1 + 11..9 2,10, 22,37,
o8 1s(N1F)  in  —47.6m : . - - : obs2 9% miniday 38, 39, 54
5 10ms Obs 0-s .
- 1 (R3) 0.72s 60 - - - - - +Obs 3 31.5s 237 min 31 27
. 1s 107 2.10, 22, 37,
- o (N1D)  min e - : - . - 38.39.54
B 30 +40
s NeF o 0% g REF 00805 oiM* 633s (ReF
SCAN : SCAN)
12.01 hr 5.86 hr 12.01 hr For underlined Ols more than one
instrument specification requests are met at
For the highlighted SUSI spectral window, Ca the same time

Il K was changed to Ca Il H Overview slide



Fixed modes
Flexi modes

Sunspot priority blocks

<. 2 @ B @

SCIP SusSI TuMag
Scan Duration SIEI Sp Scan Duration Duration
No. Target FOV Exposure . . FOV  speed S . . Mode Cadence .
time (min) (“s) window  time (min) (min)
» 2.048 s . " . Obs 1 +
58 (mod. N1F)22'5 min 225 58 0.0430 CallH 22.5min 22.5 Obs 2 70.4s 129.5
58” s ~40s 107 58" 0.00901 CallK 107 min 107 SP_3
- (R1) : No SUSI SP7a SP7b | 167 min
0
N --.0.09" 1s (N6) 1s 60 .0.15" 0.01 CallH 15s 60 Ogio'§+ 31.5s 190
- — 8 SP 4 SP_4 block to be done on same
- - SP6 11.9 min
BB e oo v w0 e o S e w wpot e ot
51"+ 30 +40 .
1s(NaF) "% 70 REF 00805 f(f'?”e‘ir: 633s  (REF With cal blocks
SCAN : SCAN) Cal
sP_1 [1h7m
10s(N1F) 119 min 119 58 00812 2195 419min 119
d . . 4 4075 . .
o) Cal
1s (N4F) 126s 180 3 008 - 3755 60 ogs;; 704s 1919 | 5P-2 | 4h7m
S; 53 SP7a | SP7b
10ms (R3) 0.72s 60 - - - = - susl 60!1(1)
. Obs 0-s + .
- - - - = P_4
1s (N1D) 107 min 107 Obs 3 31.5s 167 min | SP_: SP6 o
No 0:14:41
11.9m
Susl - ) .
1.9 S;njlt;:vg \}o_l;n:\’?e rotation
1s (N1F) 11.9 min m/day = - - - - - el 70.4s  11.9 min/day ¢ N )_ _
47.6m Obs 2 . Very sensitive to image rotation
: (FOV <17
12.1hr 6.52 hr 121 hr In the above blocks, the fixed modes are highlighted
in white
Spectral 407.5 nm - callK callH 327.0 nm - 357.8 nm - 385.9 nm - 406.0 nm - — SP6 is to be repeated on the same sunspot
window 4105 nm a a 329.0 nm 359.8 nm 387.9 nm 408.6 nm everyday for 4 days by SCIP and TuMag.
Central . -
wav‘:‘e:]agth 409.0 nm 393.8 nm 396.8 nm 328 nm 358.8 nm 386.9 nm 407.3 nm Overview slide




Fixed modes
Flexi modes
|Minimum success |

SUnspot modes
Data rates and volume

SCIP
S Durati Data Data
No. Target FOV  Exposure time on rate volume FOV
(min) [MB/s] [GB]
2.048 s
58  (mod.  22° 225 | 384 | 5184 | 58
N1F)
s 10MS 40 107 75138 48238 58
(R1)
009 1s(N6) 1s 60 640 2304 0.5
009 1s(N6) 1s 60 640 2304 0.5
\ 10s 1.9 \
58 15 mn 119 | 640 | 45696 | 58
1 1s(N4F) 126s 180 | 64.0 |691.20| 3
1.9
58 1s(N1F) 9 miday 640 OO0
476 m
1 10ms(R3) 072s 60 75.138 270495 -
\ 107
58 1s(NID) 197 107 17.925 115079 -
517+
54 1s(N3F) 0% 70 640 2688 REF
SCAN
12.01 2569.1
GB

Scan
speed
(“Is)

0.043

0.00901

0.01

0.01

0.0812

0.08

0.0805

.SP' Scan
windo p
time
w
CallH 22.'5
min
callk 7
min
CallH 15s
410.5 -
4075 198
410.5- 119
407.5 min
327-32 3755
9
CallH
+3996 63.3s

For the highlighted SUSI spectral

Durati
on
(min)

225

107

60

60

30 +
(40)

6.52
hr

window, Ca Il K was changed to Ca Il H

Data
volume
[GB]

945.0

4494.0

2520.0

2520.0

499.8

2520.0

2940.0

16438.8
GB

Mode

Obs 1 +
Obs 2

Obs 0-s
+ Obs 3

Obs 1+
Obs 2

Obs 1 +
Obs 2

Obs 0-s
+ Obs 3

TuMag
Caden Duration Data rate
ce (min) [MB/s]
704 s 129.5 20.6
315s 120 18.85
704s 191.9 20.6
704s 19 206
min/day
31.5s 237.0 18.85
12.01 hr

Data
volume
[GB]

160.062

135.72

237.189

14.71/day

268.047

859.858

GB

(n}

< a0 @D B B
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Other active region modes

Fixed modes

Fioimoces s sus Tuwag Ols covered
Expos Scan Duratl
Fov p : susl SCIP  TuMag
ure time
(mln)
, 10s . 3,17, 32,
20 (N2D) 37 min 110.9 Aligned 34, 44 22
, 10s . 21,32,
20 o 7mn 37 sauago | 445752
58"  1s(N1F) 11.9min 119 9
s 19MS qoms 86 independe | 3 59 g, 71 5 5 1,31
(R1) nt
58"  1s(N1F) 11.9min 119 i"deﬁf"de 23,29, 9, 21 9
1" 1s(N4F) 1265 60 Siitaligned| *" 71107 | 52| 44,6752
o o 27, 31, 44, 52,
1 1s (N4F)  12.6s 60 Slit aligned 55, 60 52
58  1s(N1F) 11.9min  11.9 9
N 10ms 0.72s or
! R3) o0o0t2m 0 31 51,31
58  1s(N1F) 119min  11.9 9
" 10s .
20 epy ¥mn¥ ------- . 34
10.312 7.9 hr 10.312 hr
hr

34
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Other active region priority blocks

Fixed modes

Flexi modes SCIP SuSI TuMag
Durat Scan Sp. Durat
No. Target FOvV 242 S_can ion FOV speed wind S_can ion Mode Genle
ure time s " time A ce
(min) (“Is) ow (min)
. " . Obs 1+
10s (N2D) 37 min 110.9 20 0.0090 CallK 37 min 110.9 Obs 2 70.4s
1s(N2F) 44min 120  20° 000902 *195° 37min 114
: : 407.5
1s (N4F) 12.6s 60 O 00789 CallH 126s 60 og§s12+ 70.4s
(O 4105 -
1s (N4F) 12.6s 60 1 0.0789 4075 12.6s 60
10s (N2D) 37min 37 - - - - -
1s(N1F) 119min 1.9  30° 000901 *195°  55m  s5m
’ : : 407.5
10ms " Obs 0-s +
(R1) 10 ms 86 30 0.00901 CallK 55m 55m Obs 2 46.6s
-- 58” 1s (N1F) 11.9 min 11.9 - - - - -
-- PRPRTSRTORETS | | | |
O 0.72s or Obs 0-s +
-- 58” 1s (N1F)  11.9min 11.9 - - - - -
10s (N2D) 37min 37 20"  0.00901 CallK 37min 37 min Otg‘bg'g T 878s
10.3h 7.9 hr
Spectral 407.5 nm - 327.0 nm - | 357.8 nm - 385.9 nm -
window | 410.5nm Callk CallH | “3290nm | 359.8 nm 387.9 nm
Central | 4909.0nm | 393.8nm |396.8nm| 328nm | 358.8nm | 386.9 nm
wavelength

Duratio
n (min)
230'9
AR4 | ARea | AR6b
(plage)
157 AR_5
(Filament)
With calib blocks
AR_1
(Moat/EB 1:1:;"'“ 1%*:1
IMMF)
AR_2 Cal AR5a AR5bf| AR3 Cal
110 (Plage) [ 1h7m | 60mO| 60mO| 37m
AR_3 Cal AR4a | Cal
(Plage) 40m 11.9m | 35m
AR_4 AR6a | AR6b | AR6c | Cal 2:13:23
(Plage) | 11.9m 60mo 11.9m | 34m
838 AR_5 Cal
(Filament) | 1h7m
ensitive to image rotation
(5" < FOV =>1”)
Very sensitive to image rotation
37 (FOV <17)
10.3 hr

In the above blocks, the fixed modes are
highlighted in white

35
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Other active region modes lﬁﬁgﬂ
Data rates and data volume

Fixed modes

Flexi modes SCIP Susi TuMag
Prior Expo Senn Dura Data Data Scan Sp. S Durati Data Caden Duration Data Data
No. ity Target FOV sure time tion rate volume FOV speed wind time on volume Mode = (min) rate volume
(min)  [MB/s] [GB] (“Is) ow (min) [GB] [MB/s] [GB]
- 20" (ljlgsD) 37min  111.0 17.925 119.273 20" 0.00901 CallK 37 min 111.0 4657.8
20" 1s(N2F) 4.1min 120 64.0 460.8 20"  0.00901 Al 37 min 111.0 4657.8 St 70.4s 267.9 20.6 331.112
407.5 Obs 2
20" o 37 min 37 17.925 39.794 - - - - -
(N2D) : :
= 11.9
58 1s (N1F) | 11.9 64.0 45.696 - - - - -
min
58” 1(?{?)5 10 ms 86 75.138  387.712 30"  0.00901 CallK 55m 55m 2310.0 ?bgbg'sz 46.6s 110 21.85 144.210
58 1s(NTF) 9 119 640 45696 300 000001 195 s5m  ssm 23100
min 407.5
17 1s(N4F) 12.6s 60 64.0 230.4 1” 0.0789 CallH 12.6s 60 2520.0 ogz';; 70.4s 120 20.6 148.32
» » 410.5 -
1 1s (N4F) 12.6s 60 64.0 230.4 1 0.0789 2075 12.6s 60 2520.0
58" 1s(N1F) 11.9min  11.9 64.0 45.696 - - = = =
» 10ms 0.72s or Obs 0-s
1 (R3)  0.012m 60 75.138  270.497 - - - - - + Obs 2 46.6s 83.8 21.85 109.86
58"  1s (N1F) 11.9min 11.9 64.0 45.696 - - - - -
20" 10s 37 min 37 17.925 39.794 20" 0.00901 CallK 37min 37 min 1554.0 Obs 0-p 87.8s 37 20.67 45.89
(N2D) : : : : + Obs 2 : : :
10.312 2754.66 79hr  20529.0 10.312 hr 779.392
hr GB GB GB 36
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Emerging flux region priority block

Fixed modes
Flexi modes

SCIP SuslI
Expos Scan Durat Scan Sp. Scan Durat
No. Target FOV p . ion FOV speed wind . ion
- ure time s time s
| (min) (“Is) ow (min)
=
w -- 20"  10s (N2D) 37 min 110.9 20" 0.0090 CallK 37 min 110.9
. . " 410.5 - .
20 1s (N2F) 4.1 min 120 20 0.0811 4.1 min 120
407.5
Spectral 407.5 nm - 327.0 nm - | 357.8 nm - 385.9 nm -
window | 410.5nm CallK CallH | “3290nm | 359.8 nm 387.9 nm
Central | 4909.0nm | 393.8nm |396.8nm| 328nm | 358.8nm | 386.9 nm
wavelength

Mode

Obs 1+
Obs 2

TuMag
Caden Duratio
ce n (min)
70.4s 230.9

With calib blocks

EMF_1

Cal
10m

S

In the above blocks, the fixed modes are
highlighted in white

< s 2 e @ B B

Overview slide
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Flare observations

(0]

stin
v Inl==)
5.9 @D B

SCIP Susl TuMag Ols covered
No. FOV Scan  Duration s IS i Scan  Duration (... cadence PUatio | gt bosition sus| SCIP TuMag
Exposure  time (min) speed window time (min) n (min)
-~ Sparse
! -18.7” P 5.65 1t02
- g
s 0" raster ges 120 58" 1us  SalKOT g hous O%S0PT g78s 120 ol41 - -
» Rapid 327 - 329 Obs 2
+18.7 5.6s max
mode
N
dl 58  1s(NF) 11.9min 720 58" g CallKor i ;éﬁé ObsOp+ o785 720 ol41
’ 327 - 329 Obs 2 :
max
SCIP SUSI (Data rate: 700 MB/s) TuMag
i Data Data . Data Data Data
No. FOvV BIEE ?i(r::: 2‘;::::; rate volume FOV ss‘::::j wiﬁg;aw ?i(r;:: Dl(":::;m volume Mode Cadence Duration rate volume
P [MB/s]  [GB] P [GB] [MB/s] [GB]
" ” CallKor . Obs 0-p
- tbd tbd tbd tbd tbd tbd 58 1/s 328 nm Tmin  2hour 50400 o 5 87.8s 120 20.67  8720.2
58"  1s(N1F) 11.9min 720 640 162000 58" g CalKor e ohour 50400 OPSOP g7 720 2067 523209
328 nm + Obs 2
12 hr 2 hr 12 hr
° SUSI’s spectral window for flare observations will depend on the time of the day when flare occurs and its FL 1 Flare 1 2 hours
position on the Sun’s disc. -
° Flare observations in the blue will be unique and interesting
° Ca Il K core emission can be 25 times |_c for highly energetic flares (Fang et al. 1992, PASJ) FL 2 Flare 2 2 hr max for SUSI; up to
. Only one flare program, either flare 1 or flare 2 will be used - 12 hrs for SCIP &TuMag

» The flare monitoring program will be performed when
the 2 conditions below are satisfied.

1. The observations for QSDC/Sunspot/Other AR (priority 1,2,3)
has been finished

2. Major flare watch is issued from Max Millennium News

Condition for flare
monitoring (from SCIP
team)

More information Overview slide



https://ui.adsabs.harvard.edu/abs/1992PASJ...44...63F/abstract

Fixed modes
Flexi modes

SCIP SuUSI
No. FOV Exposure S_can Dura.tion FOV Ll S_opec.
time (min) speed  window
) ()
0.09” 1.0s(N6) 1.0s 30 0.15”  0.01"/s CallH
|
5 10s .
30 (N1.5D) 55 min 55 30" 0.00901"/s CallK
» 10s - . .. 4105-
. 30 (N1.5D) 55 min 55 30" 0.00901"/s 4075
140 min

. Not high priority

. For SUSI we would like to have one scan in Ca Il K line to
capture the chromosphere. Since coronal hole magnetic fields are
weak, we want another scan at 410 nm because this region has
lines with largest polarization signals

e All above modes can be run as a single Elevation-independent

(n}

)

Low latitude coronal hole

TuMag
Scan time Dura_tlon Mode Cadence Dura_tnon Slit position
(min) (min)
SCIP in sit & stare,
155 30 Obs0s+ 345 30  SUSI does small
Obs 3
scans
55 min SR s 12+°bs 70.4s 55 Slits aligned
55 min TR OCs 45+ Obs 1235 55 Slits aligned
140 min 140 min

CH 1 CH1 CH3 In the blocks, the fixed modes
- are highlighted in white
Cal CH1 CH2 Cal CH3

block
Spectral window |407.5 nm -410.5 nm CallK CallH 327.0 nm - 329.0 nm | 357.8 nm - 359.8 nm | 385.9 nm - 387.9 nm
Central wavelength 409.0 nm 393.8 nm 396.8 nm 328 nm 358.8 nm 386.9 nm

Overview slide



Low latitude coronal hole (may be)
Data rates and data volume

Fixed modes

SCIP

Exposu Scan Duration ORI oEiE

FOV re time (min) rate volume

[MB/s] [GB]
" 10s

300 105 ss5min 55  17.925 59.153
(N1.5D) : :

30" log 55 min 55 17.925 59.153
(N1.5D)

140 min 233 51 140 5880 0 140 113.54
min min 4 GB

For the highlighted SUSI spectral window, Ca
I K was changed to Ca Il H

Overview slide



Priority blocks without calibration

QsDC Sunspots

Block 1
Elevatio
n- indep

Block 2
Elevatio
n- dep

Block 3
Elevatio
n-indep

CLV

Block 1
Elevation
-indep

Block 2
Elevation
- indep

Pole

Block 1
Elevation
-indep

Block 2
Elevation
-indep

Full spectral scan

Block 1
Elevation-
dep

Block 2
Elevation-
dep

Block 1
Elevation
-indep
Block 2
Elevation
-dep
Block 3 .
No SUSI SP7a | SP7b | 167 min
Spl Block .
No SUSI SP6 |11.9 min
EW limb
EW
Elevation
-ind
Coronal hole
CH
Elevation -
ind
Flare
Flare 2 hr max for
Elevation-ind or Flare 1 (SUSI | SUSI; up to 12
de in CAIlK) |hrs for SCIP
P and TuMag
Flare 2 hr max for
Elevation-ind or Flare 2 (SUSI | SUSI; up to 12
de at 328 nm) | hrs for SCIP
P and TuMag

Only one flare program, either
flare 1 or flare 2 will be used

Moat
Elevation
- indep

Plage 1
Elevation-
indep

Plage 2*
Elevation-
indep

Plage 3
No SUSI

Filament
Elevation
- indep

Other active regions

AR6a | AR6b M

< a5, 2 e DD B B

Orange: Elevation - dependent

Violet: No SUSI blocks

The fixed modes in priority
blocks are highlighted in
white

Underlined modes cover
SOLARNET proposals.

*SP2 has SST co-obs request.

* have special requests. See this
slide
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#

QsDC

QSDC_1

QSDC_2

Priority and calibration blocks

Other active regions

QsDC_3

QSDC_HC

CLvV

cwv 1 | G

1h7m

cw 2 | ca

1h7m

Pole

Cal

PL1 | 4h7m

Cal

PL_2 41m

Sunspots

SP_1

SP_2 | 4h7m

SP_3 | SP7a

No SUSI [ 60m

(@]

Cal | SP1%
1h7m | 22.5m

Cal SP3*
11.9m

SP7b
107m

(5"< FOV=>1)

Very sensitive to image rotation
(FOV <17)

Sensitive to image rotation

AR_1
(Moat,EB,
MMF)
AR_2 AR5a | ARS5b!
(Plage) 60mi~ 60m/~
AR_3
(Plage)
AR_4 AR6b | AR6c
(Plage) (*IOmo 11.9m
AR_5 AR7
(Filament)
Emergence flux region
Cal Cal A
EMF_1 1h7m 10m

Coronal hole

CH 1 Cal CH1} | CH2 CH3
- 1h7m | 30m 55m 55m
EW limb
Cal
W1 | 4h7m .

Cal
10m

Cal
1h

Cal
33m

Cal Cal

20m 1h

SP_4 SP6
No SUSI

11.9m

0:14:41

Full spectral scan

cal Cal
Flare
Only one flare
o program,
FL_1 Flare 1 03:09:23 [ gjther flare 1
2hr for susi | or flare 2 will
FL_2 Flare 2 14:06:50 be used

(n}

Orange: Elevation - dependent
Violet: No SUSI blocks

The fixed modes in priority
blocks are highlighted in white

Underlined modes cover SOLARNET proposals.

*SP2 has SST co-obs request.
* have special requests. See this slide

Quiet Sun disc 2 1 1 13 1
center
AR emergence 1 3 2 2 2
Pole 8 7 9 8 7
CLv towirds 1" 9 7 9 9
pole, mu=0.7
CLvV towzirds 9 5 7 7 5
pole, mu=0.5
East/West limb 10 1" 6 9 10
Sunspots 3 6 3 4 3
Other AR 5 4 5 4
targets i _
Moat/EB/MMF B ] 4.7
Plage B ]
AR/QS filament
SUSI full 6 2 4 4 3
spectral scan
Flare 4 8 8 6.7 6
Low latitude
coronal hole 7 10 10 9 T 42




Science
blocks
QSDC 1

QSDC_2

SP_1

SP 2

Launch on 03.06.2024

Suitable start times (UTC)

02.06 12:30 to 02.06 14:00
03:06 01:00 to 02.06 02:00

02:06 07:00 to 02.06 11:30
03.06 00:00
03.06 07:30 to 03.06 12:00

02.06 10:00 to 02.06 14:00
02.06 22:00 to 03.06: 02:00

02.06 11:00 to 02.06 13:30
03.06 02:00 to 03.06 04:30

Science
blocks

FS 1

CLV_1

AR_2

QSDC_HC

PL_1

Suitable start times (UTC)

03:06 02:00 to 03.06 08:30

02.06 10:30 to 02.06 15:30
02.06 23:00 to 03.06 04:00

02.06 13:00 to 02.06 16:30
03.06 00:30 to 03.06 05:00

02.06 13:00 to 02.06 18:00
03.06 02:00 to 03.06 06:30

02.06 11:30 to 02.06 15:30
02.06 23:30 to 03.06 03:30

AR _1,EMF_1,CLV_2,PL 2,AR _3,AR_5, SP_4 can be started anytime
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Observing ideas covered by priority blocks & spl yah

Priority block No. of Ols covered Priority block No. of Ols covered

requests

QSDC block 1 24 CLV block 1 6
QSDC block 2 23 CLV block 2 10
QSDC block 3 10 Pole block 1 7
Sunspot block 1 19 Pole block 2 8
Sunspot block 2 13 EW block 6
Sunspot block 3 19 Coronal hole block -
Sunspot spl block Flare block 1
Active region block 1 (Moat) 9 Full spectral scan quiet Sun 2
Active region block 2 (Plage 1) 10 Full spectral scan Plage 2
Active region block 3 (Plage 2) 7
Active region block 4 (Plage 3) 4

Filament block

oo

. SP8: slit aligned to penumbral

filament

SP4a and SP4b: Center of sunspot
for SCIP.

QS5b and SP9: SUSI reference
scans.

Plage 2 block: Plage + QS in the
vicinity of plage to study Ca Il K
formation in circumfacular regions.
Request to run Plage 2 block after
one of the QSDC blocks.

EW1: Spicules over plage

SP1, SP2, SP3: three full fov sunspot
scans. Requests for center at umbra,
center at limb-side penumbra, center
at center-side penumbra.

44



— sun  —— slit rotation <=1"/hour >=3"/hour I m ag e rotati O n lf{%{:}

50 A —
= £ e Image rotation due to Alt-Azimuth mount of the telescope
iai 3 e Rotation is maximum when the Sun is at highest or lowest
© .
5 30 £ elevation
o T ro v .
s & e  Small spatial scans are most affected
g 2] £ e  Max rotation altitudes:
E 28 o ~42 deg - 45 deg
10 1 c e  For 15th June, 2024
[=d é Time Azimut Altitude
7 = 10:45 143.56°  42.13°
11:00 148.11°  42.92°
0 S Vo % C o o P -6 11:15 152.74°  43.62°
& & & & & il 11:30 157.44°  44.21°
; | 5 " _ "d ™ it rotat 4 1 11:45  162.22°  44.70°
—— Sun elevation image rotation spee slit rotation spee <=1"/hour E 12:00 167.05°  45.08°
— 501 10§ 12:15 171.92°  45,33°
2 2 12:30 176.82°  45.47°
S 49 o5 ¢ 12:45 181.73°  45.49°
§’§ 301 s._ 13:00 186.63°  45.39°
=5 : 5 13:15 191.51°  45.17°
S¥ 20 0.0 228 .
sg S < 13:30 196.36°  44.83°
2e o i 13:45 201.15°  44.37°
o2 L0579 5 14:00 205.88°  43.81°
€S 01 o= 14:15 210.53°  43.14°
s c 14:30 215.10°  42.38°
& —10 A - -1.0 8
© -
£ 3
= 20+ 2
2024-06-10  2024-06-11  2024-06-12  2024-06-13  2024-06-14  2024-06-15 @

flight time



Sunrise lll Daily Science Planning

Sunrise Il status overview (system, pointing, instruments) (<5’)
The Sun Today (Sebas, Ishikawa san) (5')
Observing program discussion:

1. SWAG: decide on first priority target (QS, spot, limb, plage, ...)

2. SWG: select region (which spot? Which limb? Where QS?), and feature
(penumbral filament, plage with 2 spot, PIL, ...)

3. SO: propose matching observing blocks

4. SWG: decide on observing block

5. Repeat (1) to (4) until we have 36 hours filled in

6. SO: schedule blocks wrt. elevation / image rotation (“shuffle”)

7. All: finalize observing program

SWG = Science Working Group Leaders (Pl + SWG instrument leaders)
SO = Science Operations (Smitha, Andi, Sebas)
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Flare observations

Flare observations higher priority than pole
Get frequent updates from GOES
In the 12 hr block, after a flare occurs then we break off and do calibration
SUSI will be observing the whole time but the data storage starts when things are starting to get
more active
To be discussed: Flare block entry points:
o At what points in a science block can we interrupt the observations to go to flare site?
o Flare observations on day 2 or day 37
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Requests for pole, limb observations

Request for polar scan: 1
“Small scale field evolution in both polar areas”

Request for limb/close to limb observations: 9

“Measurement of spicular magnetic field”: slit along spicules

“Temporal evolution of solar spicules at high resolution”: slit perpendicular to limb

“Identification of wave drive mechanism in the magneto convection”

“Scattering polarization at the limb and on the disk”

“Across the limb in the UV”

“Hanle imaging of turbulent magnetic fields at the solar limb”

“Mg | b2 for studying linear and scattering polarization signals”

“Inspecting oscillations and wave signatures in photospheric small-scale swirls and their chromospheric counterpart”
“Magnetic fields, Alfvénic waves and dynamic instabilities in spicules” : two sets requested, one with slit perpendicular
to pole, other parallel to limb.

48



Observing ideas not covered by SUSI

Ideas requesting for faster large FOV scans in the QS disc center. They have mostly requested for
Stokes | only: OI18, OI46

Long time series faster scans of small FOV (> 1”) in active regions (I or IQUV): OI17, OI38, Ol45
Enhancement of Balmer jump during solar flares at 364 nm: Ol42

Dedicated mode for circumfacular region (OI19)

< A, 2.

(n}

sun
inisel
L@ B

49



(n}

SOLARNET proposals Sele
< a0 P e @D B
n ame of mm SoS! reqUirements SCIP m
requirements | requirements

LightBridges:ja FOV: 5”; Ca Il H line (no atomic

Three-Dimensional A.B. Oslo,  Light bridges, polarization); slit scan speed: Exposure: 1.024 Obs 0-p, Mg
1 View from the Grifién Stockho  or Umbral e X . L i S line 32 min SP9
- 0.08125"/s; polarimetric sensitivity: s; 30 repetitions .
Photosphere to the Marin, Im dots 0 polarimetry
0.5%
Chromosphere
Thermodynamic and Quiet Sun o » Exposure: 9.2s; .
2 magnetic properties N filaments or FuII-Stok(_es, FOV.20_, Ui, el IQUV, one full Qleztpe 33 min Done but in Ca Il K, AR7
5 Diaz Baso Im H line, sync with SCIP Obs-2
of solar filaments AR filaments scan
Heztll)?guti::z:gh Jaime de Supergranule AUSE.C, HOElIz T, DRk, Exposure:
qufto . Stockho °UPerd ' Call H line, sync with SCIP scan posure: . Partly covered but in Ca Il K
3  small-scale bipoles in la Cruz covering part e _ X 6.272s; Noise: Obs-1 21 min Ny
¥ . Im speed: sigma_Q,U = 2.3x10-3; line; QS2
the quiet-Sun Rodriguez of network . — 5.6x10-4
sigma_V = 1.6x10-3
chromosphere
The requested scan speeds,
Observations of . P 9 sampling and noise levels are
small-scale magnetic Luc Quiet Sun, Speptro_scoplc mode, FOY'S,O ‘,,0'5/" not consistent. Cannot
¥ . noise in |, Spatial samping: 0”.06,
reconnection events Rouppe internetwork + . ,, IQuyv, . observe at H-zeta due to
4 . Oslo X Scan speed: 0.17"/s, H-delta, A o Obs-3 30 min
in the hydrogen van der network region ) . exposure:1s; 2 molecular bands.
. _ H-epsilon, H-zeta lines + full-stokes, . .
Balmer lines (H3, He, Voort mu=0.6-0.7 FOV:2" 0.01"/s. 401 nm H-epsilon & H-delta lines at
and HQ) T ’ mu=0.7 are covered in CLV
scans.
Understanding the
nature of the - 4 BY ,, W ann f
5  magnetic oscillations Mariarita INAF, Sunspot Full-Stokes, FOV:1.5”, 0.06"/s, Ca Il ~ 25"- 30", Rapid Obs-3 + Obs-1 1hr-2hr sp2

Murabito Italy Kline mode

associated with the
FIP effect



Magnetic fields,
Alfvénic waves
and dynamic
instabilities in

spicules

Mapping the
geometry of the
small-scale
magnetic field in
the quiet Sun
using multi-line
Zeeman
and Hanle
diagnostics.

Quiet Sun
8 magnetic field:
properties and
energy input

High-frequency
waves as energy
reservoir of the
resonant umbral
chromosphere

9

Ramon
Oliver

R. J.
Campbell

Sanja
Danilovic

T. Felipe

SOLARNET proposals

SUSI requirements el

requirements

Spectroscopic, FOV: 6,”
1.06"/s; Ca ll H line, Call K,

H-delta line Normal mode, 3”,
. . 2"-8” 57, 7" off limb; 10s
LIS above * integration at each
y of the . ’ Spectroscopic, S&S, 37, 57, 77 g L
. limb, slit . . limb position; +
Balearic above limb, Ca Il H line, Ca ll ; .
parallel to ) Rapid mode, slit
Islands . K, H-delta line )
(Spain) limb + perpen_dlcular to
Spectroscopic, S&S, Slit 10
perpendicular to pole
QuietSun 50y, full FOv, 0.017s, Sr Full FOV, 10s
Belfast disc
407.8 nm exposure,
center
Stockhol Quiet Sun Full-Stokes, FOV:30”, Nstep=320,
m disc 0.01492"/s, 408nm, sync with Npmu=12, Nslit=1;
center SCIP Exposure: 6.144s
Sunspot
IAC, ora p:jqre Sit & Stare, slit ?rossmg the e 25 S
Spain near disk center of the e
center(mu umbra/pore, Ca Il H or K
>0.7)

TuMag requirements Comments

EWS3, Partly covered

1.5hr+1 hr  in pole observations.
° + 1hr 20% of slit will be
above limb.
Obs-4 + Obs-5 1.83 hr QS3 or QS8
Obs-1 34 min Done in QSB for 107
minutes
Obs-0s

75 min SP4a for 60 minutes
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Co-observations planning

Document maintained by Sebas

Co-obs webpage: http://www2.mps.mpg.de/services/sunrise/sot/index.html
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https://docs.google.com/spreadsheets/d/1Va-M03TrwT77jIZyzxbEYoXYU2IpjNNca4S6YogLSwk/edit#gid=0
http://www2.mps.mpg.de/services/sunrise/sot/index.html

Requests for co-observations with SST

< A, 5.

LD B @

Observing mode

SST requests

QS2 SST/CRISP

PL3 No details given

AR4 No details given

AR7 SST/H-alpha filtergram images

SP2 (SOLARNET)

CRISP: DEEP POLARIMETRY FE 16173 + CA 1l 8542

» Ca 8542: 26 line positions, full Stokes, 8 exposures per state, wavelengths=[-1680, -1040, -880,

-720, -640, -560, -480, -400, -320, -240, -160, -80, 0, 80, 160, 240, 320, 400, 480, 560, 640, 720, 880, 1040, 1680]
* Fe 6173: 21 line positions, full Stokes, 6 exposures per state, from 6173.14 to 6173.54 with a step

of 0.2 mA

» Cadence: best possible (target: 30-40 s)

CHROMIS: Stokes-| fast cadence spectral scans, cadence: best possible (target: 30-40 s)

» HB Stokes-I, 60 spectral points
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Planned instrument setup for co-obs

GREGOR Instruments

GRIS polarimetric mode (Slit) 10830 region. Int. time 100 ms. 10 accumulations, 400
steps. This is a FOV of ~64”x54. 450 steps FOV of ~64”x60”. Slit North-South.

HiFl+: 3 Channels. No. 1 G-band and Blue-continuum, No. 2 Narrow-band and Broad-band
Ha, and No. 3 Ca Il H and TiO. Freq. As fast as possible when the seeing is very good.
BBI: 3 Channels. TiO, Ha, Ca Il K (Not ready)

Beam Splitter 900nm. Slit Jaw Continuum.

SST

Jorrit Leenaarts: “We will likely use one (or at most two) SST observing sequences fr Sunrise support.
Our current plan is CHROMIS: Ca K relatively standard program+ 400 nm continuum. How far into the
wing should be decided. Cadence ~10 s

CRISP: 8542 with polarimetry, 6173 with polarimetry, Halpha without polarimetry. Cadence ~30 s.”



SUSI spectral windows chosen for different
observations

< a0 e BT )
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Region 1

407.5 nm - 410.5 nm, the red region: (spectral coverage ~ 3 nm)

Covers more than 60% of Tino’s region with large V/I signals (Riethmueller & Solanki 2019). Covers 5/7
spectral lines with V/I > 20%

Strong scattering polarization line Sr 11 407.8 nm

H-delta line at 410.2 nm. Useful for detecting Ellerman bombs.

Has fewer molecular blends.

Contains mostly photospheric lines.

Higher photon flux.

Estimated flux and noise levels for this region can be found here
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The red region: 410.5 nm -407.5 nm

(6102) Mue|oS % Joj|enwiyiary

58

< a0, T e @D B B
Strong scattering polarization in
the Sr 1l 407.8 nm N Strong stokes V profiles
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e oD
1000,
a00 :_Height at which tau_lambda =1 from FALC, B=0 B
600; -
400;
200ﬂ ‘ A ‘ \
| 'ﬁW'AMM&J J &
: [l
I N N S 1.0
407 408 409 HI
wavelength (nm) 0.8
< 06 ?I
0.4F
0.2F
407 408 409 410 411
047, ]
02| h
S 00 1 l
021 —
0.4 . ‘ . ]
407 408 409 410 4112

Wavelength [nm]



Region 2 )W

Call H or K line, the chromospheric region: (spectral coverage ~ 2.2 nm)

Formed higher than the Ca 1l 8542 A line of SCIP

50% of observing ideas have requested for this line

Diffraction limited spatial resolution of SST at 393 nm is same as Sunrise.

Advantage over CHROMIS: seeing free long time series, wider spectral coverage, higher spectral
resolution

Can focus mainly on spectroscopic signals to get faster scans and capture chromospheric dynamics
Single scans at SUSI’s slowest scan speeds can record full-stokes

Scattering polarization in Ca Il K is mainly for academic interest. Cannot be inverted.

Ca ll H & K lines have a strong coupling with the Ca Il 8542 Alline

The estimated flux and noise levels in this window can be found here
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Ca ll K line spectral window
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Ca ll K line spectral window
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Formation height (km)
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Region 3 )W

327.0 nm - 329.0 nm, the blue region: (spectral coverage ~ 2 nm?)

Region in the blue for higher spatial resolution.

Alternate to the 315 nm studied in Riethmueller & Solanki 2019. Region around 315 nm has
molecular band head.

This region has fewer molecular blends.

No strong scattering polarization (mostly below continuum polarization).

SUSI polcal measurements available

Many lines formed above 400 km

Expected flux and noise levels in this region can be found here
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The blue reglon 329.0 - 327.0 nm
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Region 4

Special interest windows
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Height [km]

Stokes V profiles and height of formation
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SUSI full spectral region ).

Special interest windows

3. Full spectral range of SUSI:

P00 TO

Polcal in F1
405.8 — 408.9

399.9 -402.1

360.9 — 363.1
314.0 - 316.0

One or two scans in QS+ plage region.

Polcal measurements available over: 13 spectral windows
Total coverage: 31.4 nm

If we cover, on average, 2.5 nm per scan, we need ~13 scans
Flatfielding: 13 times

SUSI polcals and target sci wavelength ranges
Red arrows give min. scucess wl, blue arrows give in-flight calib. blocks wl
Dark green means both F1 and F2 polcals are avilable
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Spectral sampling and spectral window on the SP cameras

SUSI full spectral region fﬁgi

16 1

15 4

-
&

Dispersion [mA/px)
=) o

111

10 1

[\\

N

—

—~—_

-23.6

3200

3400 3600 3800
Wavelength [A]

SP order-sorting filters

1 314 317 15.9

2

3

4

323 327 243
359 358 231
393.3, 396.8, 408 401 31.6

4000

4200

316.4 - 340.7

346.2-369.3

385.8-4174

r31.5

N N ~ N

= w ~ ©

o o in n
Spect-al window on zamera [A]

T
-
©
9

308.9-324.6

Spectral window size:
Up to 330.0 nm :1.9nm
330.0nm-405.0nm :2.2nm
405.0nm —-417.0 nm : 3.0 nm

Filters 1 and 2: 309 nm — 340 nm
309 nm — 330 nm with 1.9 nm window size: 11 windows
330 nm — 341 nm with 2.2 nm window size: 5 windows

Filter 3: 346.2 nm — 369.3 nm
346.2 nm — 369.3 nm with 2.2 nm window size: 11
windows

Filter 4: 385.8 nm — 417.4 nm
385.8 nm — 405.0 nm with 2.2 nm window size: 9 windows
405.0 nm —417.4 nm with 3.0 nm window size: 4 windows

Total number of windows: 40



Measured flux at 300 nm as a function time
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Measured flux at 313 nm as a function time
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Measured flux at 388 nm as a function time
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Expected flux and noise in different SUSI
spectral windows

by Alex Feller

P BT )

75



Spectral region: 328 nm

76



Expected flux [e- s71]

328 nm region
Expected flux
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Noise after 1s [%]

Noise after 1s [%]

328 nm region

Reference plots:
Noise after 1s, at intrinsic SUSI sampling (10 mA, 0.03”, slit width 0.06”)
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Time sampling [s]

Time sampling [s]

328 nm region fﬁg!

Reference plots:
Target noise level 0.2%, scan speed 0.01”/s, spectral sampling 10 mA

Target pol. noise: 0.20%
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328 nm region
Optimum spatio-temporal sampling
Wings of 2 strongest lines (Cu | 3274 A, Fe | 3286.7 A)

Scan speed | Stokes | Stokes Q, U (V)
[“/s] Target noise = 1% Target noise = 0.2%

At [s] Ax = Ay [ At [s] Ax = Ay [
0.01 5.4 0.05 50 0.50
0.025 3.4 0.09 31.6 0.79
0.08 1.9 0.15 17.7 1.41




328 nm region
Optimum spatio-temporal sampling
Wings of most other lines

Scan speed | Stokes | Stokes Q, U (V)
[“/s] Target noise = 1% Target noise = 0.2%

At [s] Ax = Ay [ At [s] Ax = Ay [
0.01 4.0 0.04 40 0.40
0.025 2.5 0.06 25.3 0.63
0.08 1.4 0.11 14.1 1.13




Spectral region: 359 nm
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Expected flux [e- s71]

359 nm region
Expected flux

—— FTS binned to 10.0 mA samp.
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Noise after 1s [%]

Noise after 1s [%]

359 nm region

Reference plots:
Noise after 1s, at intrinsic SUSI sampling (10 mA, 0.03”, slit width 0.06”)
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Time sampling [s]

Time sampling [s]

359 nm region

Reference plots:
Target noise level 0.2%, scan speed 0.01”/s, spectral sampling 10 mA

Target pol. noise: 0.20%
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359 nm region

Optimum spatio-temporal sampling, Fe | 3581.2 A line core

Scan speed | Stokes | Stokes Q, U (V)
[“/s] Target noise = 1% Target noise = 0.2%

At [s] Ax = Ay [ At [s] Ax = Ay [
0.01 5.4 0.05 50 0.50
0.025 3.4 0.09 31.6 0.79
0.08 1.9 0.15 17.7 1.41
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Spectral region: Ca Il K
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Expected flux

< a5, 2 e DD B B

80000 A1

—— FTS binned to 10.0 mA samp.
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Hang test observations (2021-11-12T11:47Z) have shown that we have reached about 65% of the expected flux, from the ground,

despite high humidity and low Sun elevation angles (~20.5°).
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Noise after 1s [%]

Noise after 1s [%]

CallK

Reference plots:

< 9 e D B B

Noise after 1s, at intrinsic SUSI sampling (10 mA, 0.03”, slit width 0.06”)
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Time sampling [s]

Time sampling [s]

CallK

Reference plots:
Target noise level 0.2%, scan speed 0.01”/s, spectral sampling 10 mA
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Optimum spatio-temporal sampling, Ca Il K line core

Scan speed Stokes | Stokes Q, U, V
[“/s] Target noise = 1% Target noise = 0.2%

At [s] Ax = Ay [ At [s] Ax = Ay [
0.01 3.6 0.04 34.0 0.34
0.025 2.3 0.06 21.5 0.54
0.08 1.3 0.10 12.0 0.96
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Spectral region: 408 nm
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Expected flux [e- s71]

408 nm region
Expected flux
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Noise after 1s [%]

Noise after 1s [%]

408 nm region

Reference plots:
Noise after 1s, at intrinsic SUSI sampling (10 mA, 0.03”, slit width 0.06”)
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Time sampling [s]

Time sampling [s]

408 nm region

Reference plots:

Target noise level 0.2%, scan speed 0.01”/s, spectral sampling 10 mA

Target pol. noise: 0.20%
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408 nm region )

Optimum spatio-temporal sampling, H5 line core

Scan speed | Stokes | Stokes Q, U (V)
[“/s] Target noise = 1% Target noise = 0.2%

At [s] Ax = Ay [ At [s] Ax = Ay [
0.01 2.2 0.02* 20 (13) 0.2 (0.13)
0.025 1.4 0.03 12.6 (8.2) 0.32 (0.21)
0.08 0.8 0.06 7.1 (4.6) 0.57 (0.37)

*) Noise level is already reached after a scan range which is smaller than the intrinsic spatial sampling
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Further noise reduction by spatio-temporal binning
F=062=¢AlAy
U}

F: accumulated signal in both SUSI SP cameras (e-)

6: photometric noise = polarimetric noise x pol. efficiency

¢:flux [e- "~ 571, along slit (integrated over fixed spectral sampling and slit width)
s: slit width ["]

Ay: spatial sampling along slit["]

At: time sampling [s]

Coupling of spatial and time dimension due to scanning (or solar evolution) with speed v:
Ax =v At

3]

We have 4 free parameters: noise, scan speed, time sampling and spatial sampling. In the following we always assume equal sampling in both spatial dimensions, i.e. Ax = Ay. This is based on the
assumption that characteristic signal speeds of solar evolution, and spatial scales of solar structures under study, are typically direction independent.

In the following we describe 3 use cases, where different observing parameters are specified. The best solution, in terms of post-facto binning of the data, can be different in each case.

Note that the general amount of available flux ¢ can be adjusted by spectral binning. If the solution in terms of spatio-temporal sampling is unsatisfactory, another iteration can be attempted, based on a

larger spectral binning (spectral resolution tradeoff), if possible.

Case 1

This case is relevant when a characteristic signal speed of solar evolution needs to be properly captured by the instrument, e.g. to study dynamic phenomena (solar structures changing their shape or moving

around with time).
Assumption: scan speed v and noise ¢ is specified.

From this, and from the general assumption Ax = Ay, we can derive the optimum combination of sampling in time and space from egs. 1 and 2:

A[:#

Véoiv

[T
Ax=Ay= w

Note that a higher scan speed biases the solution towards higher time resolution and a coarser spatial resolution.

< w9 e D

B Y- )
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Case 2 < a9 e @v—umg.
This case applies if the focus is on a given characteristic spatial scale of solar structures to be resolved, and if dynamics are less important.
Assumption: Spatial sampling Ax(= Ay) and noise ¢ are specified.
In this case the optimum time sampling follows directly from eq. 1:
_ 1
" olhAy
and can alsc be expressed in form of a simple scaling law, which can be conveniently applied e.g. on the above noise plots:

Ar ( 60 )2 Ay
Ay \o Ay’
o9 refers to the noise shown in the noise plots, and Afp, Axp to the instrinsic sampling of 1s and 0.03" respectively, which the noise plots are based on.

The scan speed is then fixed by eq. 2: v = Ax/At.

Case 3

This case applies if the focus is on temporal resolution, and if spatial scales to be resolved are less important. This case will probably be of most interest for fixed slit or quasi-fixed slit observations, i.e. very

short repetitive scans.
Assumption: Time sampling Af and noise ¢ are specified.

In the case of short repetitive scans, the optimum scan speed follows from eqgs. 1 and 2:
|
V= —
o2 ¢ AL?

and the spatial sampling is then given by eq. 2: Ax = v At

In the case of true fixed slit observations (v = 0), binning in the scan direction does not apply and the noise can be only be reduced by spatial binning along the slit. The required spatial sampling is then
given directly by eq. 1:

Apie— o
o ¢ At
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Expected flux

< 9 e D B B

Spectral sampling: 50.0 mA

—— FTS with 10 mA samp.
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Hang test observations (2021-11-12T11:47Z) have shown that we have reached about 65% of the expected flux, from the ground,
despite high humidity and low Sun elevation angles (~20.5°).
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Example: SOLARNET proposal ‘Ellerman bombs’

Requirements given in the proposal:
e Spatial sampling: 0.06”
e Scan speed: 0.17 “/s
e Noise level in Stokes I: 0.5%

This combination of requirements is not possible.
In the following we provide 2 possible solutions, assuming

1. scan speed is most important (case 1)
2. Spatial sampling is most important (case 2)
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Time sampling [s]

(n}

CallK ).

Example: SOLARNET proposal ‘Ellerman bombs’

Case 1: Required scan speed is most important

After 1s integration, and at intrinsic SUSI sampling, the noise in the line core of Ca Il K is about 2.1%
(slide #31). This noise shall be reduced to 0.5% by spatio-temporal binning, based on the equations of
case 2 (slide #34). The solution is shown below.
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Example: SOLARNET proposal ‘Ellerman bombs’

Case 1: Required scan speed is most important, tradeoff in spectral sampling

After 1s integration, and at intrinsic SUSI sampling, the noise in the line core of Ca Il K'is about 2.1%

(slide #31). This noise shall be reduced to 0.5% by spatio-temporal binning, based on the equations of
case 2 (slide #34). In addition a tradeoff in spectral sampling is accepted by applying (for the sake of
this example) a strong spectral binning by a factor 10 (100 mA sampling). The solution is shown below.
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Expected flux [e- s71]
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Example: SOLARNET proposal ‘Ellerman bombs’

Case 1: Required scan speed is most important, tradeoff in spectral sampling

After 1s integration, and at intrinsic SUSI sampling, the noise in the line core of Ca Il K is about 2.1%

(slide #31). This noise shall be reduced to 0.5% by spatio-temporal binning, based on the equations of
case 2 (slide #34). In addition a tradeoff in spectral sampling is accepted by applying (for the sake of
this example) a strong spectral binning by a factor 10 (100 mA sampling). The solution is shown below.

Spectral sampling: 100.0 mA

—— FTS with 10 mA samp.
—FIS

2000007 Such a strong spectral binning has
of course an obvious effect on the
200000 ﬂ ' observed spectrum, although the
effect on the broad line core still
seems to be ok.
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Example: SOLARNET proposal ‘Ellerman bombs’

Case 2: Required spatial sampling is most important

After 1s integration, and at intrinsic SUSI sampling, the noise in the line core of Ca Il K is about 2.1%
(slide #31). This noise shall be reduced to 0.5% by spatio-temporal binning, based on the equations of
case 2 (slide #33). In this case, a simple scaling law can be applied to the noise plot of slide #31:

At=(2.1%/0.5%)**2 x (0.03/0.06) x 1s=8.8 s

The scan speed is then given by: v =0.06 “/ 8.8s = 0.007 “/s. This is incompatible with the instrument
specifications (scan speed > 0.017/s).

To meet the noise and spatial resolution requirements, a tradeoff in spectral sampling has therefore to
be accepted. Let us assume a spectral binning by a factor 2 (20 mA sampling), which increases the flux
by a factor 2. Time sampling and scan speed scale with the same factor:

At=8.8/2=44s
v =0.007 x 2=0.014"/s

Now the scan speed is within the specified instrumental range. The scan speed can be further increased
(and time sampling reduced accordingly), depending on the acceptable limitations in spectral resolution.
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