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Heliophysics, especially the subcomponent specifically studying the Solar Physics aspects that 
are the origin of Heliophysics drivers, is continually advancing, especially when looking over 
decade-long time scales. Often these strides are made by utilizing more advanced models in 
combination with new technology to continually improve spatial, spectral/thermal, and temporal 
resolutions and ranges in the measurements.  Advancing and continually driving to more 
advanced future measurements, especially with regards to spatial resolution improvements, one 
caution over the coming decades is to continue to utilize the non-spatially resolved, 
“Sun-as-a-Star” solar irradiance measurements for advancing solar physics.  
 
Solar irradiance measurements have traditionally been utilized for quantifying the radiated 
energy from the Sun that drives changes in planetary atmospheres.  These previous 
measurements have also shown, but are vastly underutilized, in the fundamental processes in 
Solar Physics. This has been especially shown over the past decade as the solar EUV spectral 
irradiance improved from ‘daily average’ measurements of TIMED/SEE to the 10s cadence 
measurements from SDO/EVE that were able to make significant advancements in multi-thermal 
and plasma flows during solar eruptions.  Not only was the nearly 24/7, 10s cadence important, 
but also the full and large spectral range from 5-105 nm as well as the factor of 10 improvement 
of spectral resolution to 10s over the past decade. Irradiance spectral measurements are able to 
obtain bulk plasma properties from solar flares and eruptions, after making corrections for 
pre-flare / pre-eruption levels. Such studies have lead to the ability to derive plasma Differential 
Emission Measures (DEMs), compute the bulk plasma flows, provide flare spectral variability 
over many wavelength ranges including free-bound continua, as well as determine the mass and 
velocity of a coronal mass ejection (CME) low in the solar atmosphere. 
 
Traditional spectral images and radiance measurements have made progress on localized plasma 
diagnostics including temperature, emission measure, and plasma accelerations and velocities. 
The diagnostics are spatially and temporally limited, only showing a small piece of the larger 
puzzle.  Solar irradiance measurements complete this puzzle by providing the entire picture of 
the Sun and more spectral information than what imagers and long-slit imaging spectrographs 
can provide.  The combination of both solar irradiance and spatially resolved radiance 
measurements are an ideal combination to fully observe the Sun.  The next decades leading to 
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2050 will need to fully analyze and utilize the unique dataset of solar irradiance measurements, 
specifically those taken across the X-ray, extreme-, and far-ultraviolet and wavelengths (0.1-200 
nm), to determine the global solar plasma properties and dynamics. 
 
Some highlights showing the significant advancement of plasma characteristics and dynamics 
when utilizing solar EUV irradiance measurements, specifically with the most recent SDO/EVE 
solar irradiance measurements, to advance aspects of Solar Physics are: 
 
CME Mass and Velocity : Mason, ApJ, 244 (2019); Mason, ApJ, 789 (2014) 
 
DEMs: Moore, U. of Colo., PhD Thesis; Kennedy, ApJ, 779 (2013); Caspi, ApJ, 788 (2014); 
Dzifcakova, ApJ, 853 (2018); McTiernan, ApJ, 881 (2019) 
 
Plasma Flows : Hudson, Sol. Phys. , 273 (2011); Chamberlin, Sol. Phys. , 291 (2016); Brown, 
A&A, 596 (2016); Cheng, Ap. J. , 875 (2019) 
 
Solar Flare Radiated Energy and Variability :  Woods et al., 2011; Su, ApJ, 746 (2012); 
Milligan, ApJ, 748L (2012); Chamberlin, Sol. Phys. , 279 (2012); Emslie, ApJ, 759 (2012); Ryan, 
ApJ, 778 (2013); Milligan, ApJ, 793 (2014), 2015; Wang, Ap. J. Sup. , 223 (2016); Chamberlin, 
Space Weather , 16 (2018); Thiemann, Sol. Phys. , 293 (2018) 
 
Over the next three decades towards 2050, the solar irradiance measurements need to be 
continued as a critical measurement for solar physics, and not just for Space Weather context. 
Continual improvement of spectral range, especially into soft X-ray and FUV, along with 
improved temporal cadence and continuous, 24/7 coverage, will lead to further advancements in 
the bulk solar plasma diagnostics, including solar atmospheric heating, DEMs, and plasma flows 
during solar eruptive events.  Additionally, increased spectral resolution will help separate the 
many blended emissions across the broad wavelength range.  This increased resolution will 
further expose many more emission lines to be utilized to expand the solar atmosphere 
temperature and altitude coverage.  
 
Although many of these parameters can be obtained in other ways, mostly with imagers and 
spectral imagers, utilizing irradiance is often a much simpler way, with a larger spectral (and 
therefore plasma temperature and solar atmosphere/height) coverage.  Irradiance is often the only 
way to completely cover free-bound continua.  In the continued, well-justified drive for higher 
spatial resolution in the coming decades for advances in Solar Physics, the irradiance 
“Sun-as-a-Star” measurements will continue to contribute to significant advancements, both as 
stand-alone as well as complementary measurements to the imagers and imaging spectrometers. 

4079.pdfHeliophysics 2050 White Papers (2021)


