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ABSTRACT

Context. Coordinated observations of GOES B4.8 microflare withSDO's Atmospheric Imaging Assembly (AIA) and the Ramaty
High Energy Solar Spectroscopic ImagRHESS) on 2010 July 31 show that emission in all seven of AlA's EUV channeéggitened
simultaneously nearly 6 minutes befd®elESS or GOES detected emission from plasma at temperatures around 10 MK.

Aims. To help interpret these and AlA flare observations in general, we cteaized the expected temporal responses of AlAs 94,
131, 171, 193, 211, and 335 A channels to solar flare brighteningstpicing (1) AIA's nominal temperature response functions
available through SSWIDL (Boernet al.) with (2) EUV spectral line data observed in a flare loop footpoint on 286l 24 with

the Coronal Diagnostic Spectrometer (CDS) on timescales comparabl&sdhage cadence (Brosius & Phillips).

Methods. The nine emission lines observed by CDS cover a wide range of formetioperature from about 0.05 to 8 MK. Line
brightenings observed early during the CDS flare occurred at temupesdess than about 0.7 MK, with the largest values around 0.1
MK. These brightenings were consistent with the flare’s energy tranbpmg dominated by nonthermal particle beams. Because all
of AIA's EUV channels are sensitive to emission from plasma in the 0.12&1K temperature range, we show that all of AIA's EUV
channels will brighten simultaneously during flares like this, in which en@rgysport is dominated by nonthermal particle beams.
Results. The 2010 July 31 flare observed by AIA aRHESS displays this behavior, so we conclude that such beams likely dominated
the flare’s energy transport early during the event. When thermalwmion from a reconnection-heated, het 10 MK) plasma
dominates the energy transport, the AIA channels that are sensitiveigsiemfrom such temperatures (particularly the 94 and 131
A channels) will brighten earlier than the channels that are not sensitisectotemperatures (171 and 211 A).

Conclusions. Thus, based on the fiierences expected between AlAs response to flares whose enargpart is dominated by
nonthermal particle beams from those whose energy transport is dtediby thermal conduction, AlA can be used to determine the
dominant energy transport mechanism for any given event.
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1. Introduction Silva et al. 1997; Brosius 2003, 2009; Brosius & Phillips 2004;
Milligan & Dennis 2009). The evaporated material fills matjime

In the widely accepted “standard” solar flare model, preefla}OOpS with hot, dense, plasma that eventually cools andsfade

energy is stored in non-potential magnetic fields. This gperte flare decays. _

is released by magnetic reconnection, during which nontaer  Investigations of solar flares based on rapid cadence (7.2
particle beams are accelerated and the plasma near thexezcontO 9.8 s) stare spectra obtained with the Coronal Diagnostic
tion site (typically thought to be in the corona) is heatelle fe- Spectrometer (CDS; Harrisat al. 1995) aboard th&olar and
leased energy is subsequently transported to and depostteel Heliospheric Observatory (SOHO) spacecraft showed that in-
chromosphere either by nonthermal beam particles or by thégnsities of emission lines formed in plasma at transitigion

mal conduction from the directly-heated coronal source. kivhéemperaturesg(g., the O V line at 629.7 A, formed at ¥ 0.25

the flux of energy into the chromosphere exceeds what can MK) began to increase several minutes earlier than intiessiif
shed by radiative losses, the chromosphere heats and expagahission lines formed in plasma at flare temperatuegs, the
Because the density in the overlying corona is less than the XIX line at 592.2 A, T~ 8 MK; Brosius & Phillips 2004;

in the chromosphere and photosphere, expansion of thechedeosius 2009; Brosius & Holman 2009, 2010). Statisticalfy s
chromospheric material produces larger upward than dowehwanificant relative Doppler velocities also typically accoang the
velocities. This process, now known as “chromospheric evapntensity increases in the emission lines. This tim@edéence is
ration” (see Antonuccet al. 1999 and Bornmann 1999 for re-consistent with the chromosphere being heated predontynant
views) was first described by Neupert (1968). Upward velesit by beams of nonthermal particles; if the chromosphere were
around 100 km 3 or more in emission lines formed at tem-heated predominantly by thermal conduction from a directly
peratures = 10 MK during flares have long been interpreted aseated T~ 10 MK source, that source would have appeared first,
evidence for this phenomenon (Antonuetal. 1982; Antonucci before the chromosphere had a chance to respond to thermal co
& Dennis 1983; Zarrcet al. 1988; Fludraet al. 1989; Canfield duction from it. When possible, CDS stare spectra were com-
et al. 1990; Doschek 1990; Mariskat al. 1993; Mariska 1994; bined with X-ray observations from theamaty High Energy
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Solar Spectroscopic Imager (RHESS; Lin et al. 2002; Hurford based on CDS flare spectohtained on 2001 April 24, in §4
et al. 2002; Smithet al. 2002).RHESS combines full disk solar we discuss implications of this work, and § we summarize
imaging, wide energy coverage (3 to 17,000 keV), and high sesur findings.

sitivity for investigating both nonthermal and high temgueire

(X 10 MK) thermal emission from flares and microflares.

A shortcoming of the rapid cadence CDS stare studies %s Observation and Analysis of Microflare on 2010
their comparatively limited field of view. In previous integ- July 31

tions, this was partly compensated by acquiring full dislb 19 opserved NOAA Active Region 11092 on 2010 July 31 with
A images at 12 minute cadence from the Extreme-ultraviol@ia from 05:00 to 05:45 UT and wittRHESS from 05:00 to
Imaging Telescope (EIT; Delaboudame et al. 1995) aboard o5:40 UT, during which th&OESsatellite observed a B4.8 mi-
SOHO. Nevertheless, there remained some uncertainty asd@flare from 05:17 to 05:36 UT. We used AlAs online “cutout
what was going on outside the CDS field of view. This spatigkyice” (which provides Level 1.5 data; see Leneeal. 2011)
uncertainty can be eliminated by using the Atmospheric IN®g {0 extract high spatial resolution’(® pixels), rapid cadence (12

Assembly (AIA; Lemeret al. 2011) aboard th&€olar Dynamics ) coaligned 25 x 2.5 images centered or646".3, +113".4)
Observatory (SDO) satellite: since AlA obtains snapshots of the,

m all seven of AIAs EUV channels as well as its 1600 A
entire Sun in each of its EUV channels every 12 s, the start&f

i ; ) ) X . annel (at 24 s cadence).
any given flare or microflare is never hidden outside AlA'sdiel Figurfa 1 displays a sa?nple of8x 2.5 images of AR 11092

of VIEW, and can always be determined for each channel Wlthﬁ‘four different channels observed by AIA on 2010 July 31. The
the instrumental cadence of 12 s. source areas A and B in which two successive microflare bursts
Launched on 2010 February 18DO observes the Sun griginate are separated from each other by 8@more but both
nearly continuously in an inclined geosynchronous ortihfr connected to the sunspot toward the center of the field of.view
which its extremely high data rate is enabled through cdntagovies in all eight of the AIA channels (two of which are avail
with a single dedicated ground station. AlA contains seVeWVE aple online) indicate that the microflare started within ¢ea
channels roughly centered on the following wavelengths, dgutlined by the lower dashed rectangle (A), and occurregf lat
signed to include solar radiation in and around strong emigithin the area outlined by the upper dashed rectangle (B). |
sion lines from the following ions: 304 A (includes emissiotis possible that the B4.8 microflare observed®ES was ac-
from He I, formed at T~ 0.05 MK), 171 A (Fe IX at T~ tually a pair of closely spaced, closely timed sympathetic m
0.63 MK), 211 A (Fe XIV at T~ 1.9 MK), 335 A (Fe XVI croflares.
at T~ 2.7 MK), 94 A (Fe XVIIl at T~ 6.3 MK), 193 A (Fe Figure 2 displays a pair dRHESS 3-25 keV images that
Xllat T = 1.4 MK and Fe XXIV at T~ 19 MK), and 131 show the two spatially separated sources of brightenirafsate
A (Fe Vil at T ~ 0.37 MK, Fe XX at T~ 9.1 MK, Fe XXI seen in the AIA images of the microflare. The time interval for
at T~ 10 MK, and Fe XXIIl at T~ 14 MK). Wavelength re- eachimage is indicated in the figure captions. We integrated
sponse functions for each channel were measured in the labminute intervals because the count rates were low. These i
oratory prior to SDO’s launch (Boernert al. 2011), and are ages were obtained using the CLEAN technique BAESS
available through SSWIDL. Temperature response functions front detectors 1 - 9, giving a spatial resolutier8”.
each channel were derived (Boerrtial. 2011) by combining Figures 3 and 4 both show 3-12 and 12-25 KRNESS light
the measured wavelength response functions with emissien Icurves. Unfortunately, a particle event in Earth’s magsghere
data from the CHIANTI database (Degeal. 1997, 2009), and contaminated these with gradual humps that peak toward the
are also available through SSWIDL. Based on AlAs powerfulenter of RHESI'’s observing window, so while the resulting
combination of continuous, rapid cadence (12 s), full diSRE increased background is not expected to significantly dlter
imaging and wide range of temperature sensitivity, its ol#se start times or peak times of the flare bursts,fieetively hides
tions are expected to provide new information on solar actiany early gradual increase to whiBESS may have been sen-
ity including the temperature dependence of flare startdimssitive. Note the mound in the 12-25 keV emission atop which
The use of timing dferences among various EUV channels tbursts starting at 05:17 and 05:27 UT are seen in Figures 3 and
assess the roles of thermal conduction and nonthermal padti GOES, however, is undiected by this, and shows a flat back-
cle beams in transporting the energy that drives chromaspheground until the start of its first recorded burst at 05:1 .82
evaporation is one of AlA's objectives (Concept Study Répor  Figure 3 displays light curves for all seven of AIAs EUV
see http/aia.Imsal.confpubligCSR.htm). wavelength channels, plus that of 1600 A, averaged over area
Here we present coordinated AIA aRHESS observations A in Figure 1 to ensure that the microflare’s starting positio
of a GOES B4.8 microflare on 2010 July 31. AlA light curvesis included in the light curves. Solid vertical lines indiedhe
averaged over selected areas within the active region are start of an increase in EUV emission observed by AIA no later
pected to reveal whether timingffBrences exist among the varthan 05:11:34 UT, a peak in the early (precursor?) briginigak
ious channels and, hence, the importance of thermal coiotuct05:13:30 UT, the start of the firstimpulsive rise of AlA eni@s
relative to nonthermal particles in transporting the epdttat  at 05:16:44 UT, and the start of the first burst recorde GRES
drives chromospheric evaporation. To help with the intetgr at 05:17:32 UT. The first impulsive peak recorded by AlA oc-
tion of these and additional AIA flare observations, we cbaracurred at 05:18:30 UT (simultaneously for all waveband#himi
terize the expected response of AlIA's EUV channels to thebnshe uncertainty of the cadence), and the rise toward a secpnd
of solar flare brightenings by combining (1) AlA's tempenatu peak began at 05:19:34 UT. Figure 4 displays light curvethier
response functions (Boernerral. 2011) with (2) existing EUV same AIA wavelength channels averaged over area B in Figure
spectral line flare data obtained with CDS on timescales eemfd.. TheGOESandRHESS light curves from the start of the mi-
rable to AlA's image cadence (Brosius & Phillips 2004).§2 croflare component observed in area B are not as pristine@as th
we describe the 2010 July 31 flare observational resul§3 ime  from the start of the microflare component observed in area A
present the expected temporal response of AlA's EUV channdlecause they are superimposed on declining emission from A,
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Fig. 1. 2.5x 2.5 AlA images of AR 11092 in (a) the 1600 A channel at 05:30:18 UT, (b)3®4 A channel at 05:30:03 UT, (c) the 335 A channel
at 05:30:05 UT, and (d) the 94 A channel at 05:30:09 UT on 2010 July34 dashed rectangles labeled “A” and “B” outline areas within which
successive bursts were observed with AIA (first in A, later in B) BitESS during theGOES B4.8 microflare, and for which we derived the
spatially averaged AIA light curves shown in Figures 3 and 4. Temaltion in the 304 and 94 A channels can be seen in the movies available
online.
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Fig.2. 2.5 x 2.5 RHESS 3-25 keV images of th6OES B4.8 microflare integrated over 1-minute time intervals starting at 05:17RQléft
panel), and at 05:27:20 UT (right panel) on 2010 July 31.

but they show that the rise in the AIA light curves at that locagressively later times in channels that were designed terabs
tion begins before the start of the second burst inG@ES or  bright lines of successively cooler ions, consistent withexta-
RHESS light curves. Solid vertical lines indicate the start of ations of a cooling plasma after the cessation of energy depos
increase in EUV emission no later than 05:23:45 UT in B, thi#on. During this post-impulsive cooling phase, the AlA ohal
start of a rapid rise in EUV emission no later than 05:26:15 Uthat observes Fe XXI flare emission (131 A) peaks first (a some-
and the start of the second burst recorded3@ES at 05:27:08 what broad peak centered around 05:23 UT), followed by 94 A
UT. (05:25 UT), and so on down to 171 A (05:36 UT). The fact that

Eventually we see ffierent temporal behaviors in thefidir- the 193 A channel does not show a similar post-impulsive peak
ent channels. For example, post-impulsive maxima occuraat p
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Fig. 3. Light curves (log of the count rate for AlA, arbitrary units f@OES, log of the count rate foRHESS, but shifted downward by 2.2 for

the 3-12 keV light curve, and 1.65 for the 12-25 keV light curve) freight wavelength channels on AIA averaged over area A (see Figume 1
which the brightening first occurred during the B4.8 microflare on JdlySlid vertical lines indicate the start of an increase in EUV emission
observed by AIA no later than 05:11:34 UT, a peak in the early (prec®ydwightening at 05:13:30 UT, the start of an impulsive rise in AlA
emission at 05:16:44 UT, the start of the first burst recorde@GO¥ES at 05:17:32 UT, the first impulsive peak detected by AIA at 05:18:30 UT
(simultaneously for all wavebands, within the uncertainty of the cadettoe)ise toward a secondary peak at 05:19:34 UT, and the start of the
second burst recorded IGOESat 05:27:08 UT.
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Fig. 4. Light curves (log of the count rate for AlA, arbitrary units f@OES, log of the count rate foRHESS, but shifted downward by 2.2 for
the 3-12 keV light curve, and 1.65 for the 12-25 keV light curve) freight wavelength channels on AIA averaged over area B (see Figume 1
which the brightening started later during the B4.8 microflare on July 3lld Sertical lines indicate the start of an increase in EUV emission
observed by AlA no later than 05:23:45 UT, the start of a rapid rise in Ebhésion no later than 05:26:15 UT, and the start of the second burst
recorded byGOESat 05:27:08 UT.

prior to that of the 131 A emission indicates that the maximuand around one of the flare loop’s footpoints) 0B®ES M2.3
flare temperature remained smaller than that required ym® flare in Active Region 9433 on 2001 April 24: He 11 303.78 A
Fe XXIV. (log T = 4.67), O 111 599.60 A (log T= 4.96), O IV 554 A (a

self-blend of four lines at 553.33, 554.08, 554.51, and B&5.
3. Expected Temporal Response of AIA Based on A, formed at log T= 5.24), O V 629.76 A (log T= 5.37), Ne

CDS Flare Spectra from 2001 April 24 VI 558.59 A (log T= 5.63), Ca X 557.76 A_(log T 5.87),

Mg X 609.79 A (log T = 6.05, from which its O IV blend
To quantify the rapid cadence (9.8 s) temporal behavior ef thvas removed based on the density-insensitive intensity et
solar flare atmosphere over a wide range of temperature (41§7609.83(553.33-554.08-554.514-555.26)= 0.1645+ 0.0022
<log T < 6.89), we use the integrated intensities (ergsTsn'  derived with CHIANTI v. 6.0.1: Deret al. 1997, 2009), Al XI
sr1) derived by Brosius & Phillips (2004) for the following nine550.04 A (log T= 6.17), and Fe XIX 592.23 A (log E 6.89).
emission lines measured at the commencement site (an area in



Brosius & Holman: Using AlA to study flare energy transport

6F T T T T T T p
F oV E
o Al XI ]
5F =
= =
= 4 ]
o r
2 = /<
< F ]
o F ]
S s =
2k =
1: MR T SR P | P | [ R R :
17:30 17:40 17:50 18:00 18:10 18:20 18:30

Start Time (24—Apr—01 17:30:00)

Fig.5. Light curves of O V 629.7 A, Al X1 550.0 A, and Fe XI1X 592.2 A obtatherith SOHO's CDS in rapid cadence (9.8 s) stare mode during
the 2001 April 24GOES M2.3 flare reported by Brosius & Phillips (2004). We use these and lightes from six additional spectral lines to
measure average preflare intensities and flare intensity enhanceroems fas described in the text. Solid horizontal lines indigdte from the
average pre-flare Fe XIX noise. The long vertical tick mark at 18:02fT0ndicates the time at which the Fe XIX intensity exceeds and remains
continuously greater than its pre-flare noise level by more thanahd the long vertical tick mark at 18:07:40 UT indicates the time at which
Yohkoh hard X-ray count rates became statistically significant (with a peak a0 1T).

See Figure 5. Using the 51 exposures whose start times edcuwalue during the flare (325, which occurs for Fe XIX during its
between 17:36:05 and 17:44:18 UT, we derived pre-flare avgeak at 18:15:18 UT), multiplied by 10 in Figure 6 to improve
age intensities and their corresponding 1-sigma scadiref  visibility. The point of Figure 6 is that the majority of the-i
the lines except that of Fe XIX at 592.2 A were observed durirignsity enhancements observed early during the first psecur
this pre-flare interval; for Fe XIX the pre-flare average itigy ~ occur at temperatures less than about log 3.8 (0.6 MK), with

is defined by the noise. We consider the detection of Fe Xitke largest values occurring around log=15.0 (0.1 MK).
emission to be reliable only when the intensity derived fiiis ) o ) )

to the line profile exceeds and continuously remains gréaser Figure 7 is similar to Figure 6, and shows normalized en-
the pre-flare average noise level by more than(Which occurs hancement factors (in this caset multiplied by a factor of

at 18:02:00 UT; see Figure 5). Upward velocities approaghid-0) for four CDS exposures during the flare. These include the
-40 km s in only the transition region lines of O I1I, O 1V, O first peak during the first precursor (17:45:56 UT, which isoal
V, and He Il during the “precursors” (17:44:30 - 17:57:10 anghown in Figure 6), the start of the impulsive increase offtae
18:00:30 - 18:05:30 UT) indicated gentle chromospheripeva XIX emission at 18:08:24 UT, the peak intensity of the cool,
ration; downward velocities 0£40 km s in those same lines transition region emission lines at 18:10:32 UT, and th&pea
during the impulsive phase, when Fe XIX showed maximum ufgnsity of the Fe XIX line observed by CDS at 18:15:18 UT (the

ward velocities of -64 km<, indicated explosive evaporation. maximum to which all of the CDS enhancements are normal-
ized). It is evident that although intensity enhancements to

For each exposure beginning with the start of the first présw temperature emission dominate early during the flaré¢hby
cursor, we calculate an intensity enhancement factor foh eaime of the maximum O V intensity the contributions from hot
emission line as the ratio of the line’s intensity in the givex- flare emission (approaching 10 MK) are significant while at th
posure to its pre-flare average value. Since the Fe XIX linisemtime of the maximum Fe XIX intensity they dominate the low
sion is considered to be noise until its intensity contirglpu temperature contributions.
exceeds the pre-flare average noise by more thgnwie de-
fine its enhancement factor as 1 until that time. Thus for each Figure 8 shows fractional contributions to the total bright
9.8 s interval we calculate 9 enhancement factors, and we mess increase in AlAs 94, 131, 171, 193, 211, and 335 A chan-
sume that each corresponds to its respective emissios fioe’ nels due to plasma with log ¥ 5.85. Because the temperature
mation temperature (listed above). We use a spline fit toeplaange for this calculation is limited to that available to €P1.67
these onto the finer temperature grid (0.05 dex) of the AlA-temx log T < 6.89), we define the fractional contribution for each
perature response functions (Boermerl. 2011). In this way frame in this figure as the ratio of the enhancement summed ove
we obtain enhancement factors as functions of temperature the interval from log T= 4.65 to 5.85 to that summed over the in-
4.65<log T < 6.90. See Figure 6, which shows normalized AlAerval from log T= 4.65 to 6.90. The curves show that contribu-
temperature response functions for all of the EUV channels dions to the total brightness increase in each channel esgest
cept 304 A, along with normalized enhancement factor curvés low-temperature emission until about 18:10 UT, when-con
for six CDS exposures up to and including the first peak duririgbutions from emission formed at larger temperaturesibéy
the flare’s first precursor. In Figure 6 and subsequent figtines dominate. The lower, darker curve in Figure 8a was calcdlate
AIA temperature response functions are normalized to the-mawith the 94 A channel’s nominal temperature response fancti
imum value within their respective channels. The EUV spctr(Boerneret al. 2011) obtained through SSWIDL, while the up-
line enhancement factors are normalized to the largestativeiper, lighter curve was calculated with a “corrected” vensif
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Fig. 6. Nominal, normalized AIA temperature response functions (Boesnar 2011), with CDS enhancement factors (normalized to the largest
value which occurs for Fe XIX, then multiplied by 10 to improve visibility in thésames) for six of the first ten CDS exposures, beginning
with the first exposure during the first precursor and ending with thedeak during the first precursor of the M2.3 flare. The interval betwe
exposures is 9.8 s. The majority of the intensity enhancements occuraeitatures less than log=5.8, with the largest values at log=5.0 (for

the last four CDS exposures in this series). The greatest contributidda'sobrightenings occur where the product of the intensity enhancesne
and the response functions are largest.
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Fig. 7. Nominal, normalized AIA temperature response functions, with CDS reeraent factors (normalized to the largest value which occurs
for Fe XIX) for four times during the M2.3 flare, including (1) the firstgk of the first precursor at 17:45:56 UT (the top-most CDS curve in
Figure 6, but here not multiplied by 10), (2) the start of the impulsivedase of the Fe XIX emission at 18:08:24 UT, (3) the peak intensity of
the cool, transition region emission lines at 18:10:32 UT, and (4) the peaksityteof the Fe XIX line observed by CDS at 18:15:18 UT (the
maximum to which all of the CDS enhancements are normalized). The ahtaetween exposures is 9.8 s.

this function in which the temperature response was migtipl factors derived from the CDS spectral line data of the M2 /&fla
by 5 for log T< 5.85 (see Discussion). on 2001 April 24 (Brosius & Phillips 2004), we estimate that
AIA would have observed count rate increases in its 94 A chan-

Fel by factors of 1.87 at the first peak of the flare’s first preoy
6.94 by the start of the impulsive rise of the Fe XIX emission,

Based on our combination of the nominal AIA temper
ture response curves available through SSWIDL (Boeehat.
2011) with the (temperature-dependent) intensity enharog
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Fig. 8. Fractional contribution to total brightness increase in six AIA EUV chanattthuted to plasma with log £ 5.85. For this investigation
our temperature range is constrained to that available to CDS, namélys4o§ T < 6.89. We increased AlAs 94 A channel's low-temperature
(4.65< log T < 5.85) sensitivity by a factor of 5 to compensate for its knawderestimate of its low-temperature sensitivity; this is plotted as the
upper (lighter color) curve in frame (a), as described further in the tex

40.6 at the overall maximum in the “coolg.., O V) line emis- then only the AIA channels that are sensitive to emissiomfro
sion, and 186.5 at the time of the overall maximum in the Fe XI¥uch hot plasma (94 and 131 A) will brighten significantly khi
flare line emission. These and corresponding values at the sathers (193 and 335 A) may show a smaller brightening and
times in the 131, 171, 193, 211, and 335 A channels are ||St% remainder (171 and 211 A) will show ndfect. This en-
in Table 1. By way of comparison, AIA channel enhancemeghles AIA to distinguish which mechanism (thermal conchrcti
factors observed on 2010 July 31 at the peak (05:13:30 UT) & nonthermal particle beam) dominates the transport af #ar
the earliest flare (precursor?) brightening and the firstilsige  ergy from its release site (typically thought to be in theor) to
peak (05:18:30 UT) of the light curves from area A (see Figuifie chromosphere. By way of quantifying AlAs flare response
1) are given in Table 1. for a case in which reconnection-heated, high-tempergii0e

All of AIAs EUV channels are sensitive to emission arounIK) plasma appears before the brightening of plasma at lower
log T ~ 5.5 (see Figures 6 and 7). This means that any flaigmperatures, we consider a synthetic case in which onlinthe
(like that observed by Brosius & Phillips 2004) in which emistensity of the hot flare plasma (68log T < 6.9) is enhanced
sion from plasma at log & 5.5 brightens significantly earlier early during the flare. Based on calculations similar to ¢hde-
(by more than AlAs 12 s cadence) than emission from plasnsgribed above for the combination of AIA temperature resgon
at “flare” temperatures (log % 7) will brighten simultaneously curves and CDS flare spectra, we find that the 94 A channel
in AlA's 94, 131, 171, 193, 211, and 335 (and 304) A charwould brighten by a factor of 4.51 when the intensity enhance
nels. As can be seen from AlA's temperature response fumstionent factor is 10, and by a factor of 12.3 when it is 30. Sintylar
shown in Figures 6 and 7, all of those channels are also sensithe 131 A channel would brighten by factors of 1.18 and 1.57 fo
to emission from plasma at log # 6. Thus, while a simultane- the same intensity enhancement factors. For the 171 A channe
ous brightening in all of AIAs EUV channels would be consiswe get 1.00 and 1.00, for the 193 A channel we get 1.03 and
tent with previous spectroscopic observations in whichssion 1.09, for the 211 A channel we get 1.02 and 1.08, and for the
from plasma at log & 5.5 is the first to brighten during a flare
(e.g., Brosius & Phillips 2004; Brosius 2009; Brosius & Holman335 A channel we get 1.18 and 1.57.
2009, 2010), the possibility would remain that the actual-te
perature of the emitting plasma is close to log:B or perhaps . .
spread over a range from logJ'5 to log T~ 6. Thus for AIA 4- Discussion

flare observations in which all of AlIA's EUV channels brighte Figure 3 shows that all of the AIA light curves from area A in
simultaneously we encounter some ambiguity regardingsime t i re 1 started to rise at the same time, nearly 6 minutes@ef
perature distribution of the emitting plasma. Neverthel@ssi- priEsy or GOES detected any increase due to the microflare,
multaneous brightening in all of AIA's EUV channels is casi hije Figure 4 shows that all of the AIA light curves from af@a
tent with chromospheric heating and evaporation beingedriv g5 tad their rise more than 3 minutes befRESS or GOES
by beams of nonthermal particles. detected an increase. This is consistent with expectaposs

If, on the other hand, emission from plasma at log T (the sented in§3, in which the simultaneous increase observed in
result of direct coronal heating at the reconnection sitgt- AIAs 94, 131, 171, 193, 211, and 335 A channels is due to emis-
ened significantly before emission from plasma at log 5.5, sion from plasma at temperatures between 0.1 and 0.7 MK. This
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is consistent with nonthermal electrons starting to heattiro- aflare’s precursors and early impulsive rise, while emisfiom
mosphere nearly 6 minutes befdRMIESS or GOES detected plasma at temperatures around 10 MK will dominate latendpri
microflare emission. If the chromosphere were heated by théne event. In an even more recent comparison of AIA images of a

mal conduction, an earlier increase in high-temperatgra@ non-flaring loop footpoint and leg with coordinated EUV spac
MK) emission is expected to have been seeRH¥ESI, GOES, from Hinode's Extreme-ultraviolet Imaging Spectrometer (EIS,
or the AIA channels that were designed with the greatestiserfgulhaneet al. 2007), Del Zannat al. (2011) showed that emis-
tivity to emission from high-temperature flare plasma (FelXV sion from lines formed at transition region temperatures loe

at 6.3 MK in the 94 A channel, Fe XXI at 10 MK in the 131 Asignificant for all of AIA's EUV channels, and dominant in sem
channel, Fe XXIV at 19 MK in the 193 A channel, and Ni Xx11€as€s. Their observation of numerous unidentified linesién t
at 10 MK and Fe XXI at 10 MK in the 335 A channel). Sinc&!S spectra underscored the need for further work on the rel-
this was not the case, we find no observational evidence to s§4ant atomic data before AlA images can be reliably used for
gest that thermal conduction heated the chromosphere e dr§lasma diagnostic purposes.

evaporation at the start of the microflare (in either area Area A number of emission lines that are found, for example, in
B). the Kelly (1987) Finding List at wavelengths between 93.8 an

The RHESS data show no X-ray emission before abou?4-5 A are absent from the CHIANTI v.6.0.1 database (Dtre

. ‘o i . _~al. 1997, 2009) on which the AIA temperature response func-
15:16 UT. After this time, the 12 - 25 keV light curve (see Figu ; o
3) displays the impulsive character of bremsstrahlung from- UONS as of this writing are based (Boerratral. 2011). These
thermal electrons. The first X-ray peak, beginning betweéi 5 include 11 lines of AIV (log T= 5.42), 1 line of O VI (log T=
UT and 5:18 UT and ending between 5:19 UT and 5:20 UT, m&y+0)- 1 line of Na Vi (log T= 5.65), 2 lines of Al VIl (log T=
in fact contain significant emission from nonthermal electr 79), 10 lines of Na V1| (log T= 5.78), and 2 lines of Na VIl
down to the lowest observed photon energy of 3 keV. Spectl(hcfg T = 5.86). Any or all Of t_hese might S|gn|f|cantl¥ increase
analysis to investigate the likelihood that the higher gpgaho-  tN€ low-temperature sensitivity of the 94 A channel's terape
tons (and a significant fraction of the lower energy X-ray phdUre response function. For demonstration purposes, wé-mul
tons in the first peak) were from nonthermal electrons wasrinc Plied the existing, nominal 94 A channel’s temperature cesg
clusive because of the low level of emission above 12 keV afignction (Boerneret al. 2011; available through SSWIDL, and
the uncertainty in the background subtraction. DedRiHESS’s  used to derive the lower, darker curve in Figure 8a) by a facto
observation of no hard X-ray emission before 5:16 UT, nonthef 5 for log T < 5.85. This value is at the low end of ther&: 1.7
mal electrons could still have provided the power input ezl fange in correction factor proposed by Aschwanden & Boerner

to heat the chromospheric plasma at these earlier times (e{§011), but it is dificult to say what the correction factor really
Siarkowski et al. 2009; Falewicz et al. 2011). iS without the additional relevant atomic physics data tred

%o be generated and included in the CHIANTI database. We re-

obtained light curves averaged over the entité 2 2.5 field of eated the calculation of the fractional contribution te tbtal
view that we had selected from the AIA cutout service. Beeau?rlg?_tneSSBIncrezsg' In IAIA,E 94 A fhannﬁl due to pl)_la;ma w||th
these light curves are averaged over large areas that dartm-p '°9 ' < 5F'. 5, aré ,'\Tp ayk;t € r:esut as the upper, lig Iter—co or
ipate in the flare brightenings, features in them appeatively curve in Figure 8a. Note that the greater sensitivity to lem{
weakened or suppressed when compared with their counterpErature emission translates to a larger fractional douion to
from areas A and B. Although this makes the starting times bft'€ Prightening due to this emission. It does not, howenégy
some of the features indicated in Figures 3 and 4 mdfiedit to our conclusions regarding the S|.multane|ty ,Of flare brigings
determine, the relative timings remain unchanged. Furtned iN AIAS EUV channels. Further, it appears likely that thel18
perhaps most important, is the fact that the light curvesames cha_m_nel s temperature response function will urjdergo alaim
over this large area yield no evidence of a “hot” £{T10 MK) revision once the 7 lines of O V (log * 5.37), 4 lines qf AlV
start that may have occurred outside areas A and B above. T(g T = 5.42), 8 lines of Na V (log T= 5.46), and 8 lines of
provides further support for our conclusion that flare egavgs Ne V (log T=15.47) in the Finding List between wavelengths of
transported by nonthermal partide beams rather than b’yrme about 128 and 132 A are also available through CHIANTI to be
conduction during the 2010 July 31 B4.8 microflare. included in the 131 A channel's temperature response foncti

In a recent theoretical investigation O’Dwyer al. (2010) Furthur studies that compare AIA images with coordinated

computed the contributions of spectral lines and continuufyPS: EIS, or EUNIS (Extreme Ultraviolet Normal Incidence
emission to AIA's EUV channels for fferent regions of the so- >Pectrograph; Brosiu al. 2008, Wanget al. 2010, 2011) spec-
lar atmosphere (coronal hole, quiet Sun, active region ftane tral observat]ons that cover AIA ch_annels accessible tedho-
plasma), and concluded that no waveband is strictly isotaer  Struments will help to better quantify the temperature ceses
emission from plasma at a variety of temperatures coneibut®f those channels by directly showing all of the spectragsin
significantly to each. Although Table 1 of O’Dwyetral. (2010) that produce the observed count rates in selected areais) with
indicates that AIAs 94, 131, and 193 A channels are domihat¥a"ety of solar features.

by Fe XVIII, Fe XXI, and Fe XXIV, respectively, during a flare,

those calculations were performed with dfeiential emission g Summary

measure obtained during thecay of an M2 flare (Dere & Cook

1979). This DEM did not include the flare impulsive phasd;oordinated AIA andRHESS observations of @OESB4.8 mi-
when bursts of emission from plasma at transition region-ter@roflare on 2010 July 31 show that emission in all seven of &IA
peratures (0.1 - 0.5 MK) are particularly bright (seg,, Fisher EUV channels brightened simultaneously nearly 6 minutes be
etal. 1985a,b,c and CDS light curves presented by Brosius 2003 RHESS or GOES detected emission from plasma at tem-
Brosius & Phillips 2004, and Brosius & Holman 2007). Thus, ageratures around 10 MK. To help interpret these and AlA flare
we have demonstrated §8 above, emission from transition re-observations in general, we characterized the expectegaiei
gion plasma will dominate in all of AIAs EUV channels duringresponses of AlA's 94, 131, 171, 193, 211, and 335 A chanoels t

In addition to the light curves from areas A and B, we als
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Table 1. AlA Intensity Enhancement Factors at Selected Times During Flares.

Based on AIA and CDS AIA Observed
Channel pre pedk rise XIXY OVma¥ maxXIX" 1stpeak imp. peak
94 A 1.87 6.94 40.6 186.5 1.85 29.2
131 A 7.51 22.9 51.2 25.0 1.63 11.5
171 A 4.65 10.7 25.8 17.3 1.33 6.00
193 A 3.58 9.14 22.2 27.4 1.38 6.74
211 A 3.08 7.45 21.5 45.2 1.33 7.10
335 A 4.62 12.7 40.8 67.9 1.35 7.85

Notes. @ Expected AIA intensity enhancement factor based on nominal tempenasponse functions (Boerneral. 2011) combined with
intensity enhancement factors measured with CDS spectra during ti8flsi2 on 2001 April 24 (Brosius & Phillips 2004¥. Values observed
by AIA in area A of Figure 1 during the microflare on 2010 July 81 At the first peak of the flare’s first precursor (17:45:56 U®) At the
impulsive rise of the Fe XIX emission (18:08:24 UT9.At the maximum intensity observed in the coelky, O V) emission lines (18:10:32 UT).
() At the maximum of the Fe XIX emission (18:15:18 U1).At the first peak after the microflare’s onset (05:13:30 UW)At the microflare’s
first impulsive peak (05:18:30 UT).

solar flare brightenings by combining (1) AIA's nominal teemp Brosius, J. W., & Holman, G. D. 2009, ApJ, 692, 492
ature response functions available through SSWIDL (BoegnerBrosius, J. W., & Holman, G. D. 2010, ApJ, 720, 1472

al. 2011) with (2) EUV spectral line flare data obtained witlg:gzgﬂz'j'w'g:bhi:”?'ﬁ JH. 2004, ApJ, 613, 980 20083477, 761
CDS on 2001 April 24 (Brosius & Phillips 2004) on timescaleg,sieid. R. C.. Zaro, D. M., Metcalf, T. R., & Lemen. J. R. 199@5’ 348,

comparable to AlAs image cadence. The line brightenings th 333
were observed early during the CDS flare occurred at temp€mihane, J. L., etal. 2007, Sol. Phys., 243, 19
atures less than about 0.7 MK, with the largest values aroupg|aboudinére, J.-P., etal. 1995, Sol. Phys., 162, 291

0.1 MK; this is consistent with the flare’s energy transpeinly Dglreza}?”";’," i.’(:OooDkwge\;i/BiéggM:Z?]négéE7.%22011‘ A&A, 535, A46

dominated by nonthermal particle beams. Because all 0fSAlAbere, K. P., Landi, E., Mason, H. E., Monsignori Fossi, B.&Young, P. R.
EUV channels are sensitive to emission from plasmain theo0.1 1997, AGAS, 125, 149
0.7 MK temperature range, we show that all of AIA's EUV chanPere, K. P,, Landi, E., Young, P. R., Del Zanna, G., Landini, &Mason, H. E.

0 e ; ; ; i 2009, A&A, 498, 915
nels will brighten simultaneously during flares like thiswhich Doschek, G. A. 1990, ApJS, 73, 117

energy transport is dominated by nonthermal partl_cle beamsewicz. R.. Siarkowski, M., & Rudawy, P. 2011, ApJ, 733, 37

The 2010 July 31 flare observed by AIA aRHESS displays Fisher, G. H., Canfield, R. C., & McClymont, A. N. 1985a, ApJ92814
this behavior, and is consistent with the idea that partiel@ms Fisher, G. H., Canfield, R. C., & McClymont, A. N. 1985b, ApJ92825
transported the energy from the energy release site to tiee cHisher, G. H., Canfield, R. C., & McClymont, A. N. 1985c, ApJ92834

mosphere, where it began to drive chromospheric evaporati'ﬂ“dgi'féé‘leme”’“"‘ R., Jakimiec, J., Bentley, R. D., & Sylees). 1989, ApJ,

nearly 6 minutes before flare temperatures around 10 MK wefigrrison, R. A., et al. 1995, Sol. Phys., 162, 233
reached. When thermal conduction from a directly-heated, haurford, G. J., Schmahl, E. J., Schwartz, R. A, et al. 2002, Boys., 210, 61
(~ 10 MK) plasma is the dominant energy transport mechanisilly. R. L. 1987, J. Phys. Chem. Ref. Data, 16 (Finding List)

the AIA channels that are sensitive to emission from such teff™en. J- R., etal. 2011, Sol. Phys., DOI: 10.1807207-011-9776-8
icularly the 94 d 131 & ch | ill bié Lin, R. P., etal. 2002, Sol. Phys., 210, 3
peratures (particularly the 94 an channels) will brémn Mariska, J. T. 1994, ApJ, 434, 756

earlier than the channels that are not sensitive to sucheemp Mariska, J. T., Doschek, G. A., & Bentley, R. D. 1993, ApJ, 4488
tures (171 and 211 A). Thus, based on thedences between Milligan, R. O., & Dennis, B. R. 2009, ApJ, 699, 968

) ; ; Neupert, W. M. 1968, ApJ, 153, L59
AlAs response to flares whose energy transport is domlria_(yed O'Dwyer, B., Del Zanna, G., Mason, H. E.. Weber, M. A., & Tripa D. 2010,
nonthermal particle beams from those whose energy trah&por~ ~ pga 521 A21
dominated by thermal conduction, AIA can be used to detegmisiarkowski, M., Falewicz, R., & Rudawy, P. 2009, ApJ, 705481
the dominant energy transport mechanism for any given evensilva, A. V. R., Wang, H., Gary, D. E., Nitta, N., & Zirin, H. 89, ApJ, 481, 978
Smith, D. M., et al. 2002, Sol. Phys., 210, 33
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