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Mesoscale Structure (1° × 1° latitude, longitude, 0.02 AU, 1 Hr cadence)

SMEI STEREO HI PARKER WISPR

Month-long timeseries inc. Halloween Storm              STEREO A month-long timeseries                   Parker WISPR Remote View

SMEI Ecliptic Cut              STEREO HI Ecliptic Cut       STEREO HI Meridional Cut

Parker WISPR Ecliptic Cut

Parker WISPR 90 Degree Cut

Halloween Storm CME Small CME from STEREO A &B                  Small CME from STEREO A &B  
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PUNCH NFI and WFI both see a CME as does the WIPSS IPS analysis from ISEE and LOFAR (UK Chilbolton) IPS analysis
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ISEE-LOFAR time series with CME                WIPSS Np ecliptic & meridional cuts               WIPSS V ecliptic & meridional cuts
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PUNCH NFI and WFI both see a CME as does the WIPSS IPS analysis from ISEE and LOFAR (UK Chilbolton) IPS analysis
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Heliospheric C.A.T. analyses: example line-of-

sight distribution for each sky location to form 

the source surface weighting of the 3-D 

reconstruction.

ISEE DATAYoung, A.T., 1971, 

ApJ., 168, 543

Jackson et al., 2020, Frontiers in Astronomy and 

Space Sci., doi: 10.3389/fspas.2020.568429

Jackson, B.V., et al., 2008, Adv. in Geosciences 21, 339     Interplanetary Scintillation 

Line-of-Sight Response
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Heliospheric C.A.T. analyses: 

“Traceback” Matrix Concept

Billings, D.E., 1966, 

Academic, New York, p.150

Jackson et al., 2020, Frontiers in Astronomy and 

Space Sci., doi: 10.3389/fspas.2020.568429

Jackson, B.V., et al., 2008, Adv. in Geosciences 21, 339     Thomson-Scattering B & pB 

Line-of-Sight Response

In a recent innovation, all heliospheric image “cones-of-sight” (cones) 

and IPS line-of-sight (LoS) segments have now been set to lengths that 

assume radial flow of the solar wind and are set to a value that is 

commensurate with the heliospheric resolution requested. The effect of 

this provides segments closer together near the Sun and farther apart 

distant from it. The cones or LoS extend the distance to the outer 

heliospheric boundary that is generally chosen to be 3.0 AU. The result 

is a more efficient 3-D reconstruction analysis that takes fewer computer 

resources especially when the tomographic spherical resolution are set 

to 1°x1° or less.

B

pB 
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Heliospheric C.A.T. analyses: 

example line-of-sight distribution 

for each sky location to form the 

source surface weighting of the 

3-D reconstruction.

Thomson-Scattering B & pB 

Line-of-Sight Response

Jackson, B.V., et al., 2008, Adv. in Geosciences 21, 339     

Thomson Scattering CAT Analysis 

Jackson et al., 2020, Frontiers in Astronomy and 

Space Sci., doi: 10.3389/fspas.2020.568429

From SMEI (6 hr difference- 1/25 # of LOS)
3-5 Million LoS in a one-month interval

Billings, D.E., 1966, 

Academic, New York, p.150

B

pB 
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LoS weighting to 2 AU at elongations 5° - 20° LoS weighting to 2 AU at elongations 20° - 40°

A Robust Method to Determine B or pB 3-D Heliospheric Structures

The key to the way to determine a robust ITERATIVE 3-D reconstruction using degree of 

polarization (pB/B) is shown in the next slide by LoS weighting given above. There are a couple 

things to notice first: 

1. The electron scattering is very peaked for LoS that go close to the Sun.

2. Near Earth, the 5° pB signal is over 2 orders of magnitude less than the B signal.

B

pB 

B

pB 
B

pB 
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LoS weighting to 2 AU at elongations 5° - 20° LoS weighting to 2 AU at elongations 20° - 40°

All an image shows is the total of the LoS values. The electrons in the single blip shown doubles 

the pB value, but the same number of electrons also doubles the B value on those line segments. 

Another set of electrons. As these structures move outward from the Sun to larger elongations

they move farther away from 1.0 AU, but usually on different LoS. When the theoretical total deg.

of polarization matches the observed at some elongation you have a solution to 3-D structure.

B

pB 

B

pB 

A Method to Determine B or pB 3-D Heliospheric Structures
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Direct
(High res)

p (pB/B)
(High res)

May 30, 2003

October 29, 2003

pseudo degree of polarization

pseudo degree of polarization
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And Then

The UCSD 3-D reconstruction program 

needs input data that includes RA, Dec., 

a brightness value in S10 units, and the 

time of the observation; great if they can 

be gotten to one minute. The SWRI SOC 

provides a pixel value conversion to RA 

and Dec., UCSD converts the brightness 

to S10 and then; to provide our inputs 

we bin many pixels together and median 

filter them over the many image pixels to 

remove the stars. With these binned 

pixels we make a composite minimum 

map to remove the stray light from the 

image edges and elsewhere.

PUNCH Data Preconditioning

RA, Dec quick-look composite map of a 

bright “backside” CME on Oct. 22, 2025  

CIM “0i” PUNCH data composite 

minimum map



3-D High-Resolution Reconstructions Using PUNCH Images

PUNCH 7 05/13/2026

PUNCH Data Preconditioning

PTM – CTM – PTM Sandwich 

(RA-Dec, S10 Units) 
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PUNCH Data Preconditioning

CTM – PTM Composite images in  (RA-Dec, S10 Units) 

CTM PTM
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CME Time period on October 22, 2025 

Low resolution, preliminary result 

only from heliospheric brightness

Density Time Series

Ecliptic Cut

Meridional Cut Through Earth

CME time 

period

CME
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October 2025 Time Period 

October 2025 Time Period 
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October 2025 Time Period 
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Oops, I said High Resolution in the abstract

CIM “0i” Data November 2025 Time Period (2-hour cadence) 
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Summary:

PUNCH 3-D iterative time-dependent reconstruction is possible using 

Helios spacecraft, IPS, SMEI, STEREO HI, and Parker WISPR heritage.

This same iterative system can now be accomplished with PUNCH 

degree of polarization data.

In the future these same techniques can be applied in near real time to 

provide space weather forecasts (“0L” CTM data sets?)
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