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This is the first year of this LWS Focused Science Team (FST). Our collaborative efforts have 
been focused on the following three objectives: (1) understanding the transport of energy and 
momentum into the interior from the solar atmosphere during flares, (2) understanding high-
energy phenomena in the impulsive phase of flares, especially the transport of high-energy 
particles from the corona in relation to the thick-target model, and (3) studying the changes of 
vector magnetic fields in the photosphere associated with flares. In this report, we summarize the 
progress in the aspects of organization of the team effort, identifying collaborative projects, 
highlights of scientific achievements, and the tasks for the year 2. 
 

1. Organization of Team Effort 
 
In the past year, we organized two team meetings. The first meeting was held at Stanford 
University on 2013 February 15, when each team reported their research status and presented 
their science goals. We discussed the strategy of formulating the team science plan, particularly 
in terms of the collaborative effort. We also discussed the issue of involvement and collaboration 
with the wider community.  

The second meeting was held at Montana State University on 2013 July 12. Besides presenting 
the progress of each team, we mainly discussed two team efforts related to the observational 
inputs for modeling and comparison between modeling results and observations. The science 
plan was also finalized. Several active regions were selected as the team targets. The team will 
focus on the study of two flares in AR 11158, the M6.6 flare on 2011 February 13 and the X2.2 
flare on 2011 February 15. The X2.2 flare is associated with a strong sunquake, while the 
seismic signature of the M6.6 flare is not clear. In addition, two other flares in AR 11283, 
including the X2.1 flare on 2011 September 6 and the X1.8 flare on 2011 September 7, were 
selected for further analysis. The latter weaker event produced a sunquake while the former 
stronger flare did not.  

In the science plan that we have submitted to NASA , we described members of this FST, the 
topic of investigation of each proposal, a matrix demonstrating the expected collaborative 
research, a detailed plan for each of the above three objectives, and finally, the anticipated 
milestones. 
 

2. Identifying Collaborative Projects 

Allred and Petrosian groups have started the collaboration in implementing the warm target 
Coulomb collision in the model. Allred recently made the implementation for the particle 
transport code by including an effective coefficient in the Fokker-Planck equation. This transport 
code is from James McTiernan's dissertation work under Prof. Petrosian's supervision, which is 
basically the same module used in the current Stanford Flare code including both particle 
acceleration and transport. The Petrosian group has implemented in the acceleration module the 
warm target Coulomb collision that adds to both the diffusion and energy loss coefficients. A 
plan is to extend this more rigorous treatment to the transport module and compare the result 
with that of Allred. Allred will also provide his improved RADYN radiative transfer 
hydrodynamic code to Fatima Rubio da Costa, who is currently working on combining RADYN 
with the Stanford Flare code. 



Wang and Allred teams have planned a model-observation comparison in the low atmosphere 
flare emissions. Besides the white-light emission, the collaboration is particularly towards the 
understanding of black-light flares discovered with He D3 (as recently clearly shown by Liu 
team) and 10830 lines. The 10830 line is already in Allred’s code, while D3 will be added in the 
modeling. Yan Xu from Wang’s team will visit Allred in Feb. 2014. 
 
Kosovichev team started the collaboration with the Stanford team of Petrosian on the 
hydrodynamic thick-target models and their comparison with observational results from the HMI 
data. 
 
Kleint and Petrosian initiated a collaborative study of an M3 flare on 2011 September 24. This 
flare was well observed by IBIS at NSO/Sac Peak (Kleint) in H-alpha and Ca lines, by RHESSI 
in X-rays, and likely by Fermi/GBM. A collaboration plan has been made. The Kleint group will 
focus on reducing and analyzing the IBIS data, together with SDO/AIA and HMI data. The 
Petrosian group will analyze RHESSI data to obtain the electron spectrum, the result of which 
will be fed as an input to the hybrid particle and radiative hydrodynamic simulation. Then they 
will numerically synthesize the H-alpha and Ca line emissions and make the comparison with the 
IBIS observations. 
 
Wang, Liu, and Kosovichev teams will collaborate in identifying the sunquake sources, and 
understanding their connection with flare emissions and vector magnetic field evolution. As 
Kosovichev is now appointed as the Director of Big Bear Solar Observatory, the collaboration 
using the data from the 1.6 m New Solar Telescope (NST) will be particularly important. Liu 
team will provide products of photospheric as well as 3D coronal magnetic field evolution. 
 
Kleint team has special expertise in analyzing NSO/IBIS flare data. Wang team has recently 
obtained IBIS observations of a number of flares. One of the days also had IRIS support. Kleint 
is a key player in the IRIS team. Therefore, the collaboration between Wang and Kleint teams 
will be critical in analyzing the data set. 
 

3. Highlights of Scientific Achievements 
 
3.1. Understanding the transport of energy and momentum into the interior from the solar 
atmosphere during flares 
 
Kosovichev team is responsible for the detection and quantitative characterization of the 
helioseismic response using the time-distance diagram method and the holographic method. The 
initial results include an investigation of the relationship between the holography and time-
distance methods for the sunquake study. It has been shown that due to the anisotropy of the 
sunquake wave fronts, the holography technique, which is based on the assumption that the wave 
propagation follows the theoretical quite-Sun model and is hence isotropic, does not give correct 
locations of seismic sources. To test these techniques and also to determine the location and 
height of the impact sources, we have performed numerical simulations using a 3D code of 
helioseismic wave propagation in the spherical geometry. Significant effort has been put in the 
creation of the sunquake catalog including all the M- and X-class flares.  
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Liu et al. (2013) reported D3 observations of the M6.3 flare on 1984 May 22. The impulsive 
phase of the flare starts with a main elongated source that darkens in D3, inside of which bright 
emission kernels appear at the time of the initial small peak in hard X-rays. They suggest that 
this event resembles the so-called black-light flares that were proposed based on continuum 
images, and that D3 darkening and brightening features herein may be due to thermal conduction 
heating and the direct precipitation of high-energy electrons, respectively. This motivates the 
modeling of black-light flares especially in D3, which will be emphasized as a team effort. 
 
Joel Allred has further used 1D radiative hydrodynamic code to model how the solar atmosphere 
responds to flare heating.  Several input parameters were used considering the cut-off energy and 
power index, and white-light contrasts are derived. 

 
Figure 4: WL intensity as a function of time for several different input parameters using . 1D 
radiative hydrodynamic code. 
 
 
3.3 Studying the changes of vector magnetic fields in the photosphere associated with flares 
 
Rapid, irreversible changes of magnetic topology and sunspot structure associated with flares 
have been systematically observed in recent years but only with low-resolution (about 1") 
magnetograms and white-light images. Taking advantage of the 0.1" spatial resolution and 15 s 
temporal cadence of NST at BBSO, Wang et al. (2013) reported in detail the rapid formation of 
sunspot penumbra at the magnetic polarity inversion line (PIL) associated with the C7.4 flare on 
2012 July 2. It is unambiguously shown that the solar granulation pattern evolves to an 
alternating dark and bright fibril structure, the typical pattern of penumbra. Interestingly, the 
appearance of such a penumbra creates a new Delta sunspot. The penumbral formation is also 
accompanied by the enhancement of the horizontal field observed using vector magnetograms 
from HMI. We explain our observations as being due to the eruption of a flux rope following 
magnetic cancellation at the PIL. Subsequently, the re-closed arcade fields are pushed down 

0 10 20 30 40 50
Time (s)

0

5

10

15

20

%
 i

nc
re

as
e 

in
 W

L

F10EC500
F11EC500
F10EC1000
F11EC1000
F10EC50
PL04FIG12



toward th
clearly sh
 

 
Figure 5
two flare
(b)). The 
the forma
umbrae ly
 
 
Using an
field line
during th
reconnec
the field 
event ons
local max
footpoint
and reach
index of 
lying and
later. Ab

he surface to
hows both th

: NST H-alp
e ribbons and

NST TiO im
ation of penu
lying in the o

n improved N
e connectivity
he 2011 Febr
ction was firs
lines traced 
set. Right be
xima of the m
ts form two s
h out close to
regions arou

d less twisted
out 10% of t

o form the ne
he flux rope 

pha center (a
d the possibl

mages about 
umbra (poin
opposite mag

NLFFF extra
y changes re
ruary 13 M6
st collected t
from positio

efore the flar
magnetic tw
strongly twi
o the outer tw
und the footp
d (<=0.6 turn
the flux (~3 

ew penumbra
close to the 

a) and blue-w
le signature 
one hour bef
ted to by the
gnetic field (

apolation tec
esulting from
.6 flare in N
through mul
ons of four c
re, the four f

wist index. In
sted flux bun
wo footpoin
points dimin
ns), overarch
x 1019 Mx) f

a. Nonlinear
surface and 

wing (b) ima
of flux rope 

efore (c) and
e arrow in (d
(Wang et al. 

hnique, Liu 
m tether-cutti
NOAA AR 11

tiwavelength
conspicuous 
footpoints ar
n particular, t
ndles (up to 

nts, respectiv
nishes greatly
hed by loops
from the inn

r force-free f
the overlyin

ages at the fl
eruption (po

d one hour af
d)), which co
2013).  

et al. (2013)
ing reconnec
1158. Eviden
h observatio
flare 1700 A
e located ve
the field line
~1.2 turns),

vely. Immedi
y and the abo
s linking the
ner footpoint

field (NLFFF
ng fields. 

lare peak tim
ointed to by 
fter (d) the fl
onnect the no

) presented a
ction over ab
nce for the t

ons and then 
A footpoints 
ry close to th

es from the i
 which shea
iately after th
ove field lin
 two flare rib
ts undergoes

F) extrapola

me showing t
the arrows i

flare clearly 
orthern two 

a visualizatio
bout 30 minu
tether-cutting
by analysis 
observed at 
he regions o
nner two 

ar past each o
he flare, the

nes become l
bbons forme

s a footpoint 

ation 

 

the 
in 
show 

on of 
utes 
g 
of 
the 

of 

other 
twist 
ow-
ed 



exchange
brightene
 
 

 
Figure 6
(magneti
outlining
colored a
color cod
exhibiting
 

e. This portio
ed first. 

: Results fro
ic twist index
g the flare foo
according to
ded, and the 
g a footpoin

on of flux or

om Liu et al. 
x) maps supe
otpoints FP1

o Tn at their f
contours dep
t exchange. 

riginates from

(2013) for th
erimposed w
1–FP4.  (b) 
footpoints. I

epict the regi
The insets a

m the edge r

he 2013 Feb
with dashed c

and (e): NLF
In (e), the bla
ions of nega

are the side v

regions of th

bruary 13 M
contours of 0
FFF lines tr
ack lines con
tive Tn in (d

view from th

he inner footp

M6.6 flare. (a)
0.5 turns and
raced from F
nnecting the

d). (c) and (f)
e south. 

points that a

) and (d): Tn
d white cont

FP2 and FP3
e ribbons are
f): Field lines

are 

 

n 
tours 
3 and 
e not 
s 



 
 
 

4. Focus of Research in 2014 
 

We have identified a number of events, as stated in previous sections, for further targeted 
research. The observational analysis and modeling work will be carried out for these events as 
the joint effort of this FST. 
 
Observation and Data Analysis: 

 
- Complete the initial sunquake catalog for all the M- and X-class flares observed by SDO/HMI.  
 
- Investigate the statistical relationship between the sunquake sources detected by the time-
distance and holography techniques. Investigate magnetic field and continuum emission 
variations in sunquake events, and also the relationship between these variations and high-energy 
flare emissions. 
 
- Carry out spectro-polarimetric analysis of flares obtained with BBSO/NST and NSO/IBIS. 
Corresponding IRIS, microwave, and hard X-ray data will be jointly analyzed. 
 
- Study the evolution of vector magnetic fields and velocity fields associated with flares. NLFFF 
extrapolation tools will be utilized to understand the 3D field restructuring. 

 
Modeling: 

 
- Continue exploration of the acceleration mechanism of electrons, and start to expand the 
acceleration-transport code to include the acceleration of protons. This will provide a more 
accurate heating rate and can be important for analysis of flares with strong gamma-ray emission 
indicating a substantial contribution from protons. The improved code will then be coupled with 
the combined electron/proton acceleration-RADYN codes. The feedback of the hydrodynamic 
response on the acceleration of these particles will be further investigated. 
 
- Perform initial realistic 3D simulations of the atmospheric and helioseismic responses to solar 
flares. 
 
- Include He D3 lines in the modeling towards a viable explanation of black-light flares. 
 
Meetings: 
 
Two team meetings are being planned for  2014. One in east coast and the other in west coast. 
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