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ABSTRACT

Aims. We examine the contribution of spectral lines and continlemission to the EUV channels of the Atmospheric Imaging
Assembly (AlA) on the Solar Dynamics Observatory (SDO) ifietent regions of the solar atmosphere.

Methods. Synthetic spectra were obtained using the CHIANTI atomtali@se and sampleftiirential emission measures for coronal
hole, quiet Sun, active region and flare plasma. These fjmtfgectra were convolved with théfective area of each channel, in
order to determine the dominant contribution iffelient regions of the solar atmosphere.

Results. We highlight the contribution of particular spectral linetiich under certain conditions cafffect the interpretation of
SDQAIA data.
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1. Introduction 2. Analysis

. . - Under the assumption that a plasma is optically thin andrin io
The Atmospheric Imaging Assembly (AIA; Title et al. 2006) on, 4o equilibrium the observed intensity of a spectraisaion
the Solar Dynamics Observatory (SDO; launched 11 Februatia can be expressed as

2010; Schwer et al. 2002) is a set of normal-incidence intagin
telescopes designed to acquire images of the solar atmmesiphe
a variety of extreme ultraviolet (EUV), ultraviolet and ie- lob = A(2) f G(Te, Ne)p(Te)dTe (1)
light wavelength bands. The instrument observes solanydas Te
from photospheric to coronal temperatures, taking fudkdin-
ages, with high spatial resolution@.6 arcsec pixels) and with a
cadence of 10 seconds or better.

whereA(z) is the elemental abundandg, is the electron tem-
perature, and\, is the electron number density. The contribu-
tion function,G(Te, Ne), contains the relevant atomic parame-

Of the seven EUV channels six are expeétaalbe dom- ters for each line and can be obtained using equilibrium ion-
inated by iron emission lines: 94 A (Rem), 131 A (Fevin ization balance calculations. For this purpose we have used
Fexx, Fexxm), 171 A (Fex), 193 A (Fexn ,Fexxw) 211 A CHIANTI v. 6.0.1 (Dere et al. 1997, 2009) atomic data and ion-

(Fexwv), 335 A (Fexwi), with the remaining channel 304 A dom-ization equilibrium. The quantity(Te) is known as the dieren-

inated by Hax. In this letter we examine the contribution ofspect-Ial emission measure (DEM) which is defined as

tral lines and continuum emission to each of the EUV chan- dh

nels in order to determine what the dominant contribution to(Te) = Nezd—

each channel is in fierent regions of the solar atmosphere. It Te

is timely for us to do so now in order to ensure the correch}nteWh - : : -
X : ; . ere h is the line-of-sight coordinate.

pretation of observed features in SXIA data. Analysis of this Included in Fig. 1 arge sample DEMs for coronal hole (CH)

kind has been performed previously for the Transition R&gl(g ) y

uiet Sun (QS), active region (AR) and flare plasma. The CH
and Coronal Explorer (TRACE; Handy et al. 1999) 173 A an EM (Del Zanna 1999) and QS DEM (Andretta et al. 2003)

195 A passbands and the Extreme-ultraviolet Imaging Tefesc were obtained from measurements by the Coronal Diagnostic
(EIT; Delaboudiniere et al. 1995) 171 A, 195 A and 284 A passpectrometer (CDS; Harrison et al. 1995) on the Solar and
bands (cf., Del Zanna & Mason 2003; Del Zanna et al. 200Beliospheric Observatory. The AR DEM (O’Dwyer et al. 2010)
Phillips et al. 2005; Tripathi et al. 2006). was obtained from AR intensities measured by the EUV Imaging
Spectrometer (EIS; Culhane et al. 2007) on Hinode. The flare
DEM was based on observations of an M2 X-ray class flare by

)

Dere & Cook (1979).
Send offprint requests to: B.O-Dwyer@damtp.cam.ac.uk Theoretical spectra have been calculated with these DEMs,
1 Atmospheric Imaging Assembly Concept Study Report, Appendusing CHIANTI v. 6.0.1. The photospheric abundances of
A (Science Plan), httgyaia.Imsal.conpubligCSR.htm Asplund et al. (2009) were used in calculating the CH, QS
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Table 1. Predicted AIA count rates.

28 L Flare .
i Yo P— lon Pl T2 Fraction of total emission
~ 26l e 1 A K CH QS AR FL
T 20T ]
e ] 94A Mgvmm 9407 59 0.03 - - -
3 24\/\ Fexx 9378 70 - - - 010
= F 1 Fexvm 93.93 6.85 - - 0.74 0.85
8 ool d Fex 94.01 6.05 063 072 005 -
g Fevim 93.47 56 004 - - -
] Fevm 93.62 56 005 - - -
1 Cont. 0.11 0.12 0.17 -
: 131A  Ow 129.87 545 0.04 0.05 - -
=0 o0 6.0 65 70 Fexxm 13291 7.15 - - - 0.07
o9 () Fexx =~ 12875 705 - - - 083
) . ) ) Fevin 130.94 56 030 025 0.09 -
Fig.1. Plot of DEM curves for coronal hole, quiet Sun, active region Fevin 13124 56 0.39 033 013 -
and flare plasma (see text for references). Cont. 011 020 054 004
171 A Nixwv 17137 6.35 - - 0.04 -
and AR spectra. Density values & = 2 x 10° cm™3, Fex 17453 6.05 - 0.03 - -
Ne = 5x 10 cm= andN; = 5 x 10° cm2 were used in cal- Feix 171.07 585 0.95 092 080 0.54
culating the CH, QS and AR spectra respectively. These are th Cont. - - - 0.23
same density values as those used to calculate the comribut™; o2z 5 19290 535 003 - _ _
functions for the lines which were used to constrain the DEM Caxvi 19285 675 - ) ) 0.08
curves for the CH, QS and AR cases. For the flare spectrum Caxiv 19387 655 - - 004 -
a value ofNe = 1 x 10 cm 2 and the solar coronal abun- Fexxtv  192.03 7.25 - } ) 0.81
dances of Feldman et al. (1992) were used. The use of either Fexu 195.12 6.2 0.08 0.18 0.17 -
photospheric or coronal abundances in calculating thensyiat Fexn 19351 6.2 0.09 0.19 0.17 -
spectra reflects the original use of either photospheriomral Fexn 19239 6.2 004 0.09 008 -
abundances in generating the DEM curves. These synthetie sp Fexi 18823 6.15 0.09 0.10 004 -
tra were then convolved with thdfective area of each channel. Fexi 19283 615 0.05 0.06 - -
The dfective areas were obtained from P. Boerner (2009, private Fexi 18830 615 004 004 - )
S . . Fex 190.04 6.05 0.06 0.04 - -
communication), with the exception of the 171 A and 335 A Fex 189.94 585 006 - ) B
channels for which updated versions were used obtained from Feix 18850 585 007 - ) .
Solarsoft (12 July, 2010). Cont. - - 0.05 0.04
211A Cnx 21061 595 0.07 - - -
3. Results Caxvi 208.60 6.7 - - - 0.09
Fexvn 204.67 6.6 - - - 0.07
Table 1 lists those spectral lines which contribute more Bz Fexiv 211.32 6.3 - 0.13 0.39 0.12
to the total emission in each channel for CH, QS, AR and flare Fexm 202.04 6.25 - 0.05 - -
plasma. Also included is the fractional contribution of tten- Fexm 203.83 6.25 - - 0.07 -
tinuum emission for any case where the continuum contribute Fexm  209.62 6.25 - 005 005 -
more than 3% to the total emission in a channel. Synthetic-spe Fexi 209.78 615 011 012 - -
tra for each of the channels are displayed in Fig. 2 - 8. Foryeve Fex 20745 605 005 003 - )
channel each spectrum has been divided by the peak intensity g' X! 20792 61 003 - . )
ont. 0.08 0.04 0.07 041
of the strongest spectrum. Weaker spectra have been scaled b
factors indicated in each figure. 304 A Hen 303.786 4.7 033 0.32 0.27 0.29
The 94 A channel is expectétb observe the Fevi 93.93 A Hen 303.781 47 066 065 054 058
line [log T[K] ~ 6.85] in flaring regions. For both AR and flare Caxvm  302.19  6.85 - - - 0.05
plasma (see Fig. 2) the dominant contribution comes from the g"“ 303.33 62 - ) 011 -
Fexvm 93.93 A line. However, for the CH and QS spectrum (see ont. . . . -
Fig. 2) the dominant contribution comes from thexf®.01 A 335A Alx 33279 61 005 011 - -
line [log T ~ 6.05]. Mgvm 33523 59 011 006 - -
In flaring regions the 131 A channel is expectéalobserve Mgvm 33898 59 011 006 - .
. Six 34195 6.05 0.03 0.03 - -
the Fexx 132.84 A and Fexm 132.91 A lines. However, for Sivin 31984 595 004 - i i
the flare spectrum (see Fig. 3) the dominant contributionesom Fexvi 33541 645 - - 0.86 081
from the Fexx1 128.75 A line [log T~ 7.05]. The combined con- Fexiv 334.18 6.3 - 0.04 0.04 -
tribution of the Fexx 132.84 A and Fexm 132.91 A lines is less Fex 18454 6.05 0.13 0.15 - -
than ten percent of the total emission. For CH observatioas t Cont. 0.08 0.05 - 0.06

131 A channel is expectédb be dominated by Fen lines [log
T ~ 5.6]. From our simulations, the dominant contribution for
CH and QS plasma (see Fig. 3) does come fromifrénes, but
with a significant contribution from continuum emissionr Eee

The count rates are normalised for each channel. Coronal hol
(CH), quiet Sun (QS), active region (AR) and flare (FL) plasma

& T, corresponds to the log of the temperature of maximum abun-
dance.
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Fig. 2. Flare (blue) and QS (red) synthetic spectra for the 94 A chlannFig. 5. Same as Fig. 2 for the 193 A channel.

The dfective area is overplotted as a dashed line. The peak itieensi
of stronger lines are indicated. The weaker spectrum hasszzded by
a factor indicated in the figure.
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Fig. 3. Same as Fig. 2 for the 131 A channel.
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Fig.4. Same as Fig. 2 for the 171 A channel.
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Fig. 6. Same as Fig. 2 for the 211 A channel.The AR synthetic spectrum
(green) is also included.

channel has a response to flarelike temperatures due td-contr
butions from Fex lines. Phillips et al. (2005) highlighted the
response of the TRACE 173 A passband at flarelike tempera-
tures, including the contribution of continuum emissiorthe
passband at high temperatures. Raftery et al. (2010) hara-ex
ined the response of the AIA 171 A channel, highlighting the
high temperature response of the channel for flare plasma.

The 193 A channel is expectetb be dominated by Far
lines [log T~ 6.2] for QS and AR observations. For the QS (see
Fig. 5) and AR spectra the dominant contribution does come
from Fexu lines, but with a significant contribution from ke
lines. In flaring regions the 193 A channel is expeéte be
dominated by the Fexiv 192.03 A line [log T~ 7.25], which is
indeed the case (see Fig. 5). However, for the CH spectrura the
are significant contributions from ke Fexr and Fexu lines.

The 211 A channel is expectedto observe the
Fexiv 211.32 A line [log T~ 6.3] for AR observations.
For AR plasma (see Fig. 6) the dominant contribution comes
from the Fexav 211.32 A line, as well as a significant contri-

AR spectrum the dominant contribution comes from continuugytion from Fexm lines. The fractional contribution of Feu

emission, with a significant contribution from e lines.
The 171 A channelis expecteih observe the Fe 171.07 A

lines to the total emission is 0.24, while the contribution o
Fexiv lines is 0.41. For the CH spectrum the most significant

line [log T ~ 5.85] for QS observations. For CH, QS (seeontributions come from Fa, Fex, Fex and Cnx lines, as
Fig. 4) and AR plasma the dominant contribution comes fromell as continuum emission. For the QS spectrum (see Fig. 6)
the Fax 171.07 A line. For the flare spectrum (see Fig. 4) thiae most significant contributions come from>feFexm and

dominant contribution comes from the &el71.07 A line, with
a significant contribution from continuum emission. The &1

Fexiv. For the flare spectrum (see Fig. 6) the most significant
contribution comes from continuum emission. The 211 A
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channel has a response at high temperatures due to coittnbutTable 2. Count rates for each channel for the CH, QS, AR and flare
from Fexvin and Cavi lines. synthetic spectra relative to the count rate for the 94 A okhfor the

As expectedi the 304 A channel is dominated by the twd=H synthetic spectrum.

Hen 303.8 A lines [log T~ 4.7] for CH, QS, AR and flare

plasma (see Fig. 7). However, in Q8-imb the dominant con- _Channel|  CH QS AR Flare
tribution to this channel would be expected to come from the 94 A 1.00 6.09 11kx10° 9.38x10°
Sixi 303.33 A line [log T~ 6.2]. This line is formed at a much ~ 131 A | 1.42x10"  473x 10! 3.92x10° 6.61x 10°
higher temperature than the chromospheriail3©3.8 A lines 171A | 11016 4.08x10° 7.35x 10" 4.36x 1C°

. - . oo . 193A | 1.87x10? 1.84x10° 6.97x10" 8.96x 10°
which dominate on-disk. The contribution of 5i303.33 A to
the Hen 303.8 A lines has been highlighted previously (Tousey 211A | 3.39x 100 330x1¢ 3.20x100 6.14x1(P

) : 04A | 255x 107 8.21x 10 9.60x10° 5.93x 10°

etal. 1965). The 304 A chanr_1e| has asmall response to flarelik 55c 8 3.05 162¢ 100 482x10° 1.43x 10P
temperatures due to a contribution from thex@ar 302.19 A
line. Due to the anomalous behaviour of idgee Andretta et al.
2003, and references therein) the predicted line intessdre —
under-estimated by large factors. For this reason coome€sic- Lor ST ]
tors based on observations have been applied. For the QS case x10°
a factor of 24.0 was used based on the observed intensitgofth 0.8 7
Hen 304 A line from Andretta et al. (2003). For the CH and AR =
cases correction factors of 19.3 and 4.82 have been adapted r i 0.6 . \ ]
spectively. These values are based on the observed iterfisit 5 |
the Hen 304 A line from Vernazza & Reeves (1978). The cor- = 0.4 ‘ 5
rection factor adopted for the AR case was also used fortre fla =
case. 0zl o 1 4

The 335 A channel is expectedto observe the Ca XVBJAL
Fexvi 335.41 A line [log T~ 6.45] for AR observations. 0.0ba=rrty P ‘ ‘

285 290 295 300 305 310 315 320

For AR (see Fig. 8) and flare plasma the dominant contribution
does indeed come from the e 335.41 A line. However, for
the CH spectrum the most significant contributions come fro
Mg v and Fex lines and for QS plasma (see Fig. 8) the mo
significant contributions come from Mg, Al x and Fex lines.
Changing the density values used in creating the synthetic
spectra would fiect the absolute intensities of the density sen-

sitive lines, as well as the continuum. However for thoseesas Lor ,’\Fe o
considered here we note that varying the density by e.g.tarfac x10° \ ]
of two only changes the fractional contribution of a particu » 280 ]
line to a channel by at most four percent. E !

The AR DEM curve we have used to create the synthetic - 061 e X ! ]
spectra was constrained using lines from low first ionizagio- g | g
tential (FIP) elements, such as iron. For any synthetictspec Z 04! HhE
created from a DEM curve of this kind the absolute intensitie < " Mo vill & vl
of lines from low-FIP elements are independent of the choice 0.2F! ¢ )LLCK B
of elemental abundances, provided that the same abundaeces I i [T
used in creating the synthetic spectrum, as were used imgene 0.0 JL ‘ ‘ PR B0} 1|V

ating the DEM curve. For lines from high-FIP elements the use
of photospheric abundances increases the absolute isri

Wavelength ( &)

Ei]g. 7. Same as Fig. 2 for the 304 A channel. Note the peak intensities
‘?th the two Her 303.8 A lines have been combined.

200

250 300
Wavelength ( A)

350

the lines by a factor of 4 relative to the intensities obtained
using coronal abundances. We note that, with the excepfion
the 304 A channel, the contribution of lines from high-FIP eIt
ements to each channel is very small, of a few percent at most
(cf. Table 1). As a result using coronal rather than photesph
abundances will not dramaticallyfact the fractional contribu-
tion of lines to each channel.

Fig.8. Same as Fig. 2 for the 335 A channel, except that the AR syn-
hetic spectrum (green) is included instead of the flaretsyec

It is important to note that when using AlA channels to ob-
serve regions of the solar atmosphere other than those fichwh
each channel was designed the contribution of particulecsp
tral lines and continuum emission calfiiegct the interpretation of
the observed features. We note that the dominant contwittti
the 94 A channel for QS plasma comes from thex Pd.01 A
We have determined what the dominant contribution to ea¢h Aline. We also note the contribution of continuum emissioth®
channel is in dierent regions of the solar atmosphere. In gen31 A channel in ARs. In addition we note the significant con-
eral our findings are in agreement with expectattorowever  tripution of continuum emission to the 211 A channel in flgrin
we note that with the 131 A channel for our flare spectrum thegions.
dominant contribution does not come from thexkel 32.84 A The DEMs which we have used are intended to give an indi-
or Fexxmr 132.91 A lines, but instead from the k& 128.75 A  cation of which lines contribute to the SP&A EUV channels
line. under diferent solar conditions. Berent DEMs will naturally

4. Conclusions and Discussion
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give different contributions. For example with the QS DEM in
CHIANTI for the 335 A channel there is a significant contribu-
tion (32% of the total emission) from the ke 335.41 A line.
The QS DEM that we have used fallf smore quickly at higher
temperatures than the one in CHIANTI, and as a result the pre-
dicted contribution of the Fevi 335.41 A line is much lower
(2% of the total emission). Another example is that with thé C
DEM in CHIANTI for the 193 A channel there is a significant
contribution from Femr lines (44% of the total emission). With
the CH DEM that we have used the predicted contribution of
Fevm lines is lower (9% of the total emission). The CH DEM
in CHIANTI peaks at a lower temperature than the one we have
used, and as a result the fractional contribution of lower-te
perature lines is greater. Del Zanna et al. (2003) highdidihe
contribution of Fevm lines to the EIT 195 A passband during a
CH observation.

No channel is predicted to be strictly isothermal, in thesgen
that emission from plasma formed affdrent temperatures con-
tributes to the signal. For this reason extreme care mustkaat
when using ratios of SD@IA channels to derive isothermal
temperatures. Detailed inversion (DEM) and forward maag!l|
are required in most cases.
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