
COHERENT’s vision overlies 
four mutually-reinforcing 
strategic pillars — Define, 
Research, Communicate, 
Innovate — that foster 
creativity, innovation, and 
equity. We leverage an 
iterative research process that 
allows us to develop and 
refine scientific goals to 
maximize impact and success 
and mitigate risk in 
developing breakthrough 
science. We work to engage 
the whole community through 
dedicated, focused two-way 
communication.
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COHERENT is a research collaboration dedicated to developing 
capacity to understand the solar corona as a holistic system and to 
facilitate cross-cutting, creative, and equitable research frameworks. 
There is a clear need for such an integrated approach because, although the 
solar corona and heliosphere (i.e., the extension of the corona into and 
throughout interplanetary space) must be part of a single physical system, 
attempts to study even the various elements of the low corona alone as a self-
contained whole have been extremely limited. One reason for this is that the 
dominant physical processes change dramatically from the magnetically-
dominated low corona, through the so-called middle corona, and into the 
plasma flow-dominated outer corona and heliospheric interface. These widely 
disparate plasma regimes require distinct measurement techniques, leading to 
a lack of observations that cohesively and continuously span this wide range of 
parameter space. Likewise, computational capabilities have only recently 
advanced sufficiently to allow unified models that simultaneously include, with 
equal consideration, the dominant processes and relevant spatiotemporal 
scales from each regime. This lack of unifying observations and models has led 
to a fragmentation of the community into distinct regimes of plasma 
parameter space, with groups typically working in relative isolation.
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Additional Phase II WGs

Center Vision Objectives Working Groups Focused Research Questions Closure

1. Determine and characterize 
the feedback and cross-scale 
connectivity between initiation 
and propagation of impulsive 
processes, such as solar 
eruptions, and the structure of 
the corona, from the solar 
surface to the interface with the 
heliosphere.

2. Determine and characterize 
the feedback and connectivity 
between the global and cross-
scale magnetic structure 
connecting the surface with the 
heliospheric interface, and 
important (quasi-)continual 
coronal processes such as 
heating, plasma release, and 
acceleration.

3. Determine and characterize 
how these impulsive (#1) and 
quasi-continual (#2) processes 
interact with and affect one 
another in the context of global 
coronal structure.

Q1.1 What is the relationship between the thermal & 
compositional properties of solar wind & the thermal 
properties of their low coronal source regions?

Q1.2 How are density fluctuations created through 
solar wind release, and how do they affect, or are 
affected by, solar wind acceleration?

Q2.3 What is the role of reconnection in accelerating 
outflows observed in the solar wind both in situ and 
via remote sensing?

Q2.1 How does reconnection act to generate large- 
and small-scale flows throughout the corona?

Q3.1 What is spatial & temporal relationship between 
lower coronal drivers of heating & acceleration & 
corresponding wind streams at the top of the corona?

WG1: Heating & Acceleration 
Explores the various processes that are 
responsible for heating the corona and 
accelerating the solar wind.

WG2: Magnetic Reconnection 
Explores the role of the processes of 
magnetic reconnection in driving 
dynamics on many scales, heating the 
corona, shaping the corona, and 
determining its large-scale connectivity.

WG3: Connectivity 
Explores the dynamic relationship 
between phenomena and processes that 
result in connections between the low 
corona and inner heliosphere.

WG4: Impact Broadening & Best Practices

Develop holistic 
understanding 
of how energy, 

mass, and 
information 
propagate 

throughout the 
solar corona, 

from the Sun’s 
surface to the 

heliosphere and 
back, by 

knitting together 
novel 

approaches to 
theory, 

modeling, and 
observations 

within a 
collaborative 

and highly 
interconnected 

framework.

Q2.2 What are the relevant scaling laws linking the 
initiation and evolution of reconnection observed 
throughout the inner heliosphere?

Q: Future Questions

Q3.2 How important are large-scale features vs. 
small- and cross-scale structuring to the overall flow 
of solar wind and thee structure of the mid corona?

Q3.3 What is the origin of observed ubiquitous 
transient structures in the outer corona, and how do 
they relate to the solar wind as a whole?

Q1.3 Do the physical processes heating the closed 
corona also heat CMEs?

Motivation Research Directions Implementation

COHERENT’s interconnected science goals flow from the Center vision and 
provide a clear, flexible, two-phase framework that can easily accommodate 
growth and redirection towards successful efforts. COHERENT believes 
impact broadening elements are essential to the success of cross-
disciplinary research programs and dedicates a working group to activities 
that foster equity and improve engagement across the scientific community. 
This group also develops metrics for success to evaluate and improve the use 
of evidence-based best practices for interdisciplinary research.

Center Vision: COHERENT aspires to create a holistic understanding of 
how energy, mass, and information propagate throughout the solar corona, 
from the Sun’s surface to the heliosphere and back, by knitting together 
novel approaches to theory, modeling, and observations within a 
collaborative and highly interconnected research framework. We enable this 
unified understanding of the disparate physical regimes in the corona by 
developing new tools for cross-disciplinary scientific analysis, modeling, 
team communication, and interaction. This cross-disciplinary approach 
breaks down stovepiping that impedes transformative progress and 
resulting breakthrough science in heliophysics.

COHERENT closes this gap, enabling transformative science progress, 
by bringing together experts spanning multiple disciplines to bridge 
the divisions be-ween these various systems, working collaboratively to 
develop new tools, observation sets, models, and frameworks for 
communication and collaboration. COHERENT realizes its goals by 
addressing three interconnected science objectives: 
Determine and characterize the feedback and cross-scale connectivity 
between (1) initiation and propagation of impulsive processes and (2) quasi-
continual processes, and the structure of the solar corona from surface to 
interface with the heliosphere; and (3) how these processes interact with and 
affect one another in the context of global coronal structure.

COHERENT partitions its 
research efforts into three 
initial working groups. WG1 
looks at the various processes 
responsible for heating the 
corona and accelerating the 
solar wind and how these 
processes both shape and are 
influenced by the corona on 
large scales.  
For example, proposed coronal heating mechanisms, including waves/
turbulence (AC), slow footpoint motions punctuated by impulsive nanoflare 
reconnections (DC), exchange of mass and energy between closed and open 
regions (IR), and MHD evolution via helicity conservation in twisted fields 
(“Taylor relaxation”) all probably are dominant in different areas of the large 
scale coronal structure (right).
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now made available from SDO/AIA are crucial constraints on the physical processes (e.g., Wine-
barger et al. 2011). By Phase II of this DRIVE program, we will have assembled an entire solar 
cycle’s worth of SDO/AIA observations of high-resolution DEMs (see, e.g., Fig. 4(a); Cheung et 
al. 2015). These maps show the multiscale complexity in space and time of the thermal structure 
of the corona; however, they have not been fully leveraged to link solar wind measurements to 
specific regions. By combining these maps with simulations, we begin to examine time and spatial 
scales small enough to distinguish discrete signatures in heliospheric in situ ion charge-states and 
first ionization potential (FIP). Variations in charge-states are set low in the corona by temperature 
and collision frequency (determined by the density) and variations in FIP are set in the partially 
ionized chromosphere (e.g., Schwadron et al. 1999; Zurbuchen 2007; Laming et al. 2019). In com-
bination with the COHERENT effort to connect coronal field-lines to specific locations at 1 AU 
(see WG3), this produces a database of structure-specific plasma properties from the low corona 
to the solar wind that is unprecedented in both quantity and quality. 

Q1.2: How are density fluctuations created through solar wind release, and how do they af-
fect, or are affected by solar wind acceleration? Most theoretical speculation about heating has 
been focused on the magnetically dominated (“low plasma β”) corona and the Alfvén-wave-dom-
inated solar wind. However, in the last decade there has been mounting evidence that small-scale 
density fluctuations are important to the understanding of the mass/energy balance of the helio-
sphere (e.g., Shoda et al. 2019). Whether density fluctuations are an effect of, or a driver of, solar 
wind acceleration remains unknown. Hinode and IRIS measured ubiquitous dense jets originating 
in the chromosphere (Moore et al. 2011; Tian et al. 2014). Off-limb spectroscopy detected com-
pressible waves that coexist with incompressible MHD turbulence (Liu et al. 2015). Also, field-
aligned striations were revealed from the passage of Sun-grazing comets (Raymond et al. 2014), 

 
Fig. 3. (left) Some proposed coronal heating mechanisms, including waves/turbulence (AC, “al-
ternating current”), sow footpoint motions punctuated by nanoflare reconnections (DC, “direct 
current”), exchange of mass and energy between closed and open regions (IR, “interchange recon-
nection”), and MHD evolution via helicity conservation in twisted fields (“Taylor relaxation”). 
(right) Larger-scale connections between coronal magnetic fields and the heliosphere, where here 
field-line colors are proportional to superradial flux expansion (see Cranmer et al. 2017). 

WG2 examines the role of 
magnetic reconnection in 
driving dynamic processes 
on multiple scales and how 
reconnection both heats and 
shapes the corona. This WG 
studies the origins and 
characteristics of downflows 
above post-eruptive arcades 
observed by TRACE (Panels A & B) and at much larger heights in coronal 
streamers (Panel C). Leveraging simple reconnection models (Panel D) we 
explore characteristics of reconnection-related outflows (shown schematically 
in Panel E and the conditions in which they occur. Linking both observations 
and reconnection models to global models of the corona allows us to 
determine how reconnection modulates the corona’s shape, temperature, and 
other characteristics.
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Fig. 6. Downflows above post-eruptive arcades observed by TRACE (Panels A & B; Savage & 
McKenzie 2011) and at much larger heights in a coronal streamer observed by LASCO (Panel C; 
Sheeley & Wang 2002). A simple reconnection model developed by members of our team (Panel 
D; Forbes et al. 2018) will be used as a basis to explore characteristics of reconnection-related 
outflows, shown schematically in Panel E (Savage et al. 2012b). 

& Lynch 2018). The ubiquitous reconnection in the corona, therefore, provides a critically useful 1 
lens for the investigation of cross-cutting, focused questions that address all three of COHER-2 
ENT’s science objectives. 3 

One of the most evident and direct signatures of the reconnection itself, and of the cross-region 4 
communication, is found in inward, upward, and downward plasma flows from the reconnection 5 
sites (Fig. 6). Each reconnection requires field lines of opposite polarity to move toward each 6 
other (inflows). After the reconnection occurs, the reconfigured field lines and associated plasma 7 
move perpendicular to the inflow direction as outflows. These outflows move both toward and 8 
away from the Sun—hereafter called downflows and upflows—respectively. Following their 9 
first identification, made relatively recently (McKenzie & Hudson 1999; McKenzie 2000; 10 
Sheeley et al. 2004), observations of the flows from a wide range of instruments have been ex-11 
tensively used to understand magnetic reconnection in eruptions and flares (McKenzie & Savage 12 
2009; Savage et al. 2010; Savage et al. 2012a,b; Seaton et al. 2017; Longcope et al. 2018; see 13 
Fig. 5 for a summary of various observations and models of reconnection inflow and outflow). 14 

 During solar flaring events, reconnection outflows present themselves as dark voids (SADs; 15 
regions of depleted density) carved out of an illuminated plasma sheet (presumed to be a sheath 16 
surrounding the current sheet) or as bright thin loops (SADLs). Upflows and downflows with 17 
strikingly similar characteristics have also been widely reported in coronagraph images, both in 18 
association with (e.g., Hess & Wang 2017) and independent of solar eruptions (Sheeley & Wang 19 
2002, 2007). Interestingly, some authors (Sheeley & Wang 2002) have argued that downflows 20 
are uncommon above about 5.5 RS, while other authors (DeForest et al. 2014) have identified the 21 
signatures of inbound (i.e., downflowing) waves out the heights of at least 15 RS. There are also 22 
indications that very large-scale downflows might be linked to reconnection in long-duration 23 
eruptions (West & Seaton 2015) in which flows sometimes persist for as long as days after the 24 
initial eruption. 25 

Some of the outflows observed in white light, called plasmoids, are evidently a byproduct of 26 
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Detailed structure in coronal 
images 
Noise level and resolution are closely linked. 
DeForest et al. (2018) showed that noise and 
spatial resolution are linked – and essentially 
all coronagraph images are noise limited. 
Applying novel noise reduction techniques 
to the outer corona revealed highly detailed 
structure, new physics, and unexpected vari-
ability. Similar techniques can be applied to 
analyses of the middle corona to determine 
how this structure links the inner corona to 
the solar wind. 

 

Mapping coronal magnetic fields  
The magnetic field maps structures in the in-
ner corona, through the mid corona, into the 
outer corona and young solar wind. Under-
standing the details of the mapping (DeFor-
est et al. 2005) requires magnetic modeling 
more sophisticated than analytic field ex-
trapolations. Global quasi-lagrangian 
“fluxon” modeling augments traditional 
MHD by capturing connectivity in the quasi-
stationary approximation (DeForest et al. 
2007). Recent work (Lowder, DeForest, et 
al. 2019) has focused on assimilating image 
data of relevance to COHERENT science 
objectives. 

 

Linking multiple instruments 
Combining images from multiple instru-
ments yields deeper insight into feature dy-
namics than can be achieved from any one 
field of view. 

 
  

WG3 explores the large-
scale connectivity of the 
corona, examining how 
connections between the 
low corona and heliosphere 
are formed by both 
dynamic processes and 
quasi-stationary 
phenomena that bridge these two regions. This working group leverages 
large-scale observations, such as those from eclipses (left) that reveal the 
complex the structure of the corona and deep field coronagraph images (right) 
that reveal transient flows linked to the solar wind.  
The exact nature of the connection between drivers in the low corona 
corresponding solar wind streams at the top of the corona remains unknown. 
Likewise, the group will address whether large- or small-scale features are 
more significant in determining this connectivity.


