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LST instruments 
SCI: Solar Corona Imager
SDI: Solar Disk Imager
WST: White-light Solar Telescope

Lyman-alpha Solar Telescope (LST)

SCI

WSTSDI

parameters WST SDI SCIUV SCIWL

waveband 360±2nm 121.6±4.5nm 122.6±3nm 700±32nm

FOV 0 – 1.2 Rs 0 – 1.2 Rs 1.1 - 2.5 Rs 1.1 - 2.5 Rs

Image size 4608×4608 4608×4608 2048×2048 2048×2048

cadence routine (2min)
burst (1s & 2s / 5s)

user defined

routine (1min)
burst (a few s/15s)

user defined3

SCI does not work as expected. The reason 
is under investigation. However, it can 
sometimes observe eruptive prominences 
and CMEs in Ly𝜶.

Li+(2019), Chen+(2019)
Feng+(2019) RAA



Optical Design of SDI and WST

Off-axis Two-Mirror Reflective structure

SDI:
Two Ly𝜶 filters from Acton at the entrance

One Ly𝜶 filter on the filter wheel before the detector

WST:
fused silica glass as incident window entrance



SDI and WST daily movies 



SDI： H I Ly𝜶 line

line wing : chromosphere (T~ a few kK) 
line center: transition region (T~40000K)



H I Ly𝛼 emission at higher attitudes 

(a)Ly𝛼 radiative component:
Photo-excitation of the 
residual coronal neutral 
hydrogen atoms by the 
incident chromospheric
Ly𝜶 emission (E-corona)

(b) Ly𝛼 collisional component:
Electron impact excitation 
of the residual coronal 
neutral hydrogen atoms 
(E-corona)



Imaging instruments observing in Ly𝜶: disk imager

Rocket-borne MSSTA , MXUVI

MXUVI Nov 2, 1998 

TRACE,
Solar Orbiter / EUILya

Gordino+(2022)

Rocket-borne VAULT

Berghmans+(2023)



Imaging instruments observing in Ly𝜶: coronagraph 

Gabriel 1971 rocket observations

SolO/Metis: white light and Ly𝛼 corongraph



WST： 360nm

360nm is at the continuum of  Balmer series ONSET Ground-based  observations

Hao+(2017)



Gallery of LST observations



Movies of  some eruptive events
X-class Flare wave



filament Prominence

Movies of  some eruptive events



Movies of  some eruptive events



– What is the relationship between solar flares, CMEs and eruptive prominences?
– What triggers solar flares and CMEs, and how do their parameters evolve during 
the eruptive process?
– What are the acceleration mechanisms of CMEs in the inner corona? What are 
their kinetic behaviors?
– How are shock waves formed and what favors the acceleration of solar energetic 
particles (SEPs) by shock waves?
– What are the physical properties and processes of white-light flares (WLFs)?

LST Scientific Objectives



Ly𝜶, H𝜶, and 30.4nm 

rocket-borne MXUVI November 2, 1998

MXUVI Ly𝜶 EIT 30.4nm 

Gordino+(2022)



H𝜶

Ly𝜶

Ly𝜶

Ly𝜶, H𝜶, and 30.4nm 



Ly𝜶, H𝜶, and 30.4nm 

prominence



Prominences in Ly𝛼 – optically thick regime
POS electron density 

POS temperature

The Lyα line intensity and optical thickness are computed in the region 
with density larger than 1X109cm-3 and temperature less than 100 000K. 

Ly𝛼 intensity
Optical 
thickness

1D NLTE radiative transfer code - PRODOP

Zhao, Zhang+,2022

I(opt. thick)
------------------
I(opt. thin)



Prominences in Ly𝛼 –
comparing optically thin and thick results 

density

I(opt. thick)
------------------
I(opt. thin)

Time step: 105 Time step: 180 Time step: 189
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Progresses of  inflight calibrations (SDI & WST)

1. Dark current model
2. Flat field
3. High dynamic range image: High gain & low gain image 

merging
4. Image stabilization system for SDI
5. Triggering of  Burst mode and automatic exposure control (AEC)
6. Radiometric calibration: WST (done), SDI (not yet )
7. Optimal detector temperature to reduce the influence of  the 

pollution for SDI
8. SCI: The inflight calibrations of  SCI have not been regularly 

performed. 



Dark current model
DC (Temperature, Texp)
Dark current model as a function of  detector temperature and exposure time 
Detector temperature: 7 values in the range T±5℃
Exposure time: 30 values from the minimum exposure to 120s

high-gain mode
temperature: -20℃
exposure: 13.5s

low-gain mode
temperature: -20℃
exposure: 13.5s



KLL flat field: 21 satellite pointings

KLL( Kuhn, Lin, and Loranz, 1991) flat field: 
For a given target, shifting of  the satellite pointing makes the imaging of  the same target  are  at different 
positions of  the detector. Therefore, the difference in intensity reflect the difference in quantum efficiency.

Li+(2021)



KLL flat field: one example

Effective field of  view of  SDI 



High-gain & low-gain image merging: to deal with the saturated regions in big flares

High dynamic range (HDR) imaging

High-gain image low-gain image merged image

The saturated pixels in the high-gain image is replaced by the un-saturated pixels in the low-gain image 



Onboard triggering and termination of  burst mode

• Purpose: high time-cadence 
flare observations

• Automatic exposure control
• Need more tests to make it 

fully functionalized

WST SDI

cadence routine : 2min
burst triggered by SDI (1024*1024 ): 1s for the first 

5mins & 2s for the second 5mins at maximum
Burst triggered by HXI (4608*4608):  5s 

routine (1min)
burst triggered by 

SDI(1024*1024): a few s
burst triggered by 

HXI(4608*4608): 15s



Onboard triggering and termination of  burst mode

When over-thresholding 
pixels (NP) is
NP1<NP<NP2, then the 
burst mode is triggered.

over-thresholding pixels: 
Intensity enhancement exceeds
a given threshold

Lu+(2020)



Instrumental artifacts 

SDI AIA 30.4nm

Response of  SDI to a brightening dot:
a number of  unwanted surrounding dots 



Instrumental artifacts 

WST: white-light flare

For strong white-light flares, there are 
extra horns due to the imperfect 
manufacturing of  the reflective mirror.

SDI: east-west asymmetry 
beyond the limb
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Data analysis guide

1. Definition of  LST data levels
2. Definition of  LST fits header
3. LST data download
4. LST data analysis demos



Level 0 unpacking, verification, adding keywords, etc.

Level 1
unit: DN

correcting dark current, flat field, 
merging high-gain and low-gain images to obtain a high-
dynamic-range (HDR) image,
indexing bad/missing/spike pixels; 

Level 1.5
unit: DN

correcting bad/missing/spike pixels,
Image registration (rotation, translation, scaling);

Level 2
unit: erg s-1 cm-2 sr-1

radiometric calibration; 

Level 2.5
unit: erg s-1 cm-2 sr-1

correcting bad/missing/spike pixels;
Image registration (rotation, translation, scaling)

quicklook JPG images

Definition of  LST data levels (WST & SDI)



Future Products: Ly𝜶 flare list

To be included: white-light flare (WST) 

for each flare



Future Products：preliminary carrington maps

The Carrington map can be used as the incident emission for the Ly𝜶 emission in the coronagraph field of  
view. However, due to various calibration activities, currently significant amount of  data are missing.



Ly𝛼 radiation – radiative component

F. Auchere (2005)

30.4 nm 𝐽!"#$(𝜙, 𝜑)

21.3 to 429.2 (W m-2 sr-1)

Nonuniform Ly𝛼 chromospheric radiation : 
An empirical relation between 30.4nm and Ly𝛼 radiation 
will be replaced by the observed LST/SDI Carrington 
map in Ly𝛼 .

Scattering  geometry 

36



Irad1 Irad2 Irad3 Irad4 Irad5

nonuniform
Ly𝛼 disk intensity

Y uniform Y Y uniform

detailed scattering 
geometry

Y Y Sun as a point 
source 

Y Sun as a 
point source 

T! ≠ T" Y Y Y T = T"=Tp T = T"=Tp

Max uncertainty to 
Irad1

/ ~15% ~10% ~25% ~30%

Comparison of  radiative component of  Ly𝛼 intensity under different assumptions

Ying+2023



Definition of  LST fits header

Document of  the 
detailed definition of  
the LST fits header 
which includes 
150+keywords will 
be uploaded to the 
ASO-S website.



LST data download: Data Archive



LST data download: cutout sevice



LST data analysis tutorial
Two procedures that users often use: 
IDL> read_lst, fn, ihdr, iimg
IDL> lst_prep, ihdr, iimg, ohdr, oimg

• IDL on linux, windows, Mac
• SolarSoftWare Dependence of  

the LST package:  $SSW/gen/



file='/asos/data/wst/science/lev10/2023/04/03/wst_lev10_20230403_235023.595_v01.fits.gz'
read_lst, file, ihdr, iimg
lst_prep, ihdr, iimg, ohdr1, oimg1
lst_prep, ihdr, iimg, ohdr2, oimg2, outsize=4096 ;to work with e.g., SDO/HMI
;lst_prep, ihdr, iimg, ohdr2, oimg2, outsize=4096, /radcalib_on
index2map, ohdr2, oimg2, wstmap
window, 0, xsize=1800, ysize=600, retain=2
!p.multi=[0,3,1]
lst_lct, wavelnth = 3600, instr = 'wst', /load
plot_image, oimg1, dmin=0, dmax=8000, charsize=2., xtitle='X (pixel)', ytitle='Y (pixel)’
plot_image, oimg2, dmin=0, dmax=8000, charsize=2., xtitle='X (pixel)', ytitle='Y (pixel)'
plot_map, wstmap, dmin=0, dmax=8000, charsize=2.

LST data analysis tutorial：WST



LST data analysis tutorial：WST



LST data analysis tutorial: SDI (cutout images)

fns=file_search('~/cutout/flare/sdi_lev10_20230403_030*cut.fits.gz')
read_lst, fns, ihdr, iimg ;dealing with a sequence of fits files
lst_prep, ihdr, iimg, ohdr1, oimg1, /despike_on, /la_cosmic, /reg_off
lst_prep, ihdr, iimg, ohdr2, oimg2, /reg_off
index2map, ohdr1[0], oimg1[*,*,0], sdimap1
index2map, ohdr2[0], oimg2[*,*,0], sdimap2
window, 0, xsize=1600, ysize=800, retain=2
!p.multi=[0,2,1]
lst_lct, wavelnth = 1216, instr = 'sdi', /load
plot_map, sdimap1, /log, dmin=20, dmax=14000, charsize=2.
plot_map, sdimap2, /log, dmin=20, dmax=14000, charsize=2.



LST data analysis tutorial: SDI (cutout images)



file='/asos/data/sdi/science/lev10/2023/04/03/sdi_lev10_20230403_084007.071_v01.fits.gz'
read_lst, file, ihdr, iimg
bkgfits = '/asos/data/sdi/bkg/2023/sdi_lev10_20230403_bkg_biweekly.fits.gz'
read_lst, bkgfits, bkg_hdr, bkg_dat
lst_prep, ihdr, iimg, ohdr, oimg, /bkgimg_on, bkg_hdr=bkg_hdr, bkg_dat=bkg_dat, /despike_on
index2map, ohdr, oimg, sdimap

window, 0, xsize=1600, ysize=800, retain=2
!p.multi=[0,2,1]
lst_lct, wavelnth = 1216, instr = 'sdi', /load
plot_image, alog10(oimg), min=0.5, max=4.1, charsize=1.5
xyouts, 150, 150, ohdr.date_obs, charsize=2.
plot_map, sdimap, /log, dmin=40, dmax=14000, charsize=1.5

LST data analysis tutorial: SDI (full-disk images)



LST data analysis tutorial: SDI (full-disk images)



index2map, ohdr, oimg, sdimap
sub_map,sdimap,smap, xrange=[500,1100],yrange=[200, 1100]
window, 0, xsize=1600, ysize=800, retain=2
!p.multi=[0,2,1]
lst_lct, wavelnth = 1216, instr = 'sdi', /load
plot_map, sdimap, /log, dmin=10, dmax=14000, charsize=1.5
plot_map, smap, /log, dmin=10, dmax=14000, charsize=1.5

LST data analysis tutorial: SDI continue



LST data analysis tutorial: SDI continue
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Thank you. Your comments are very welcome!


