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ABSTRACT

Aims. The temperature response of the 171 Å, Proba-2/SWAP EUV imager was calculated for different solar conditions
and compared to those of SDO/AIA, STEREO/EUVI, SOHO/EIT and TRACE.
Methods. Theoretical differential emission measure (DEM) curves were used to generate synthetic spectra within the
range 2×104 - 5×107 K. The convolution of these spectra with the SWAP instrument’s wavelength response produced
the transmitted spectrum. When integrated over the relevant wavelength range, this resulted in the expected counts
per second per pixel at a single temperature i.e. the instrument’s sensitivity at a given temperature. This was repeated
using CHIANTI-sourced DEM curves for coronal holes, quiet sun, active regions and flares. The procedure was then
applied to the five other EUV imagers.
Results. The temperature response to the four solar features varied significantly. The flare response was found to be more
than two orders of magnitude greater than the coronal hole response at 1 MK. In addition, the instrument sensitivity
to high temperature (>3 MK) plasma was found to be more than six orders of magnitude larger for a flare than a
coronal hole, completely distorting the response function. An inter-instrument comparison of the temperature responses
revealed them to be in very good agreement, despite significant deviations in their wavelength responses. The similarity
of the six instrument responses for each of the four features highlights the stability of the 171 Å passband: although
the solar spectrum changes dramatically with temperature, the corresponding temperature response functions remain
close to isothermal within the ∼10 Å wide band of sensitivity.
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1. Introduction

The extreme ultraviolet (EUV) portion of the electromag-
netic spectrum is of considerable interest to solar physics
because it is dominated by emission lines formed across
a wide range of temperatures (Mariska 1993). The steep
temperature gradient, from cool (∼ 104 K), optically thick
emission in the chromosphere through to the very hot (∼
107 K), highly ionized emission in the corona, means that
the entire upper atmosphere emits strongly in the EUV por-
tion of the spectrum. As one of many techniques used for
probing the EUV spectrum, imaging telescopes have played
a pivotal role in the understanding of the Sun’s atmosphere
for more than two decades (Underwood et al. 1987).

Imaging telescopes utilize alternating, thin (∼10 Å) lay-
ers of molybdinum and silicon on their mirrors to preferen-
tially transmit emission within a certain passband (Windt
et al. 2004). A typical passband is sensitive to a spectral
range 5-10 Å wide that is integrated across wavelength to
give a single intensity value per pixel. Within this range,
one or more spectral lines are normally prominent, although
their relative contribution to the spectrum may change dra-
matically with temperature and/or density. Thus, as we im-
age different heights in the corona, the changing density and
temperature will result in sometimes dramatically different
spectra which in turn result in varying image intensity. This

can be accounted for by using differential emission measure
(DEM) functions to quantify the amount of emitting ma-
terial at different temperatures (and therefore heights).

It is not only imaging at various heights that alter the
solar spectrum, but also the feature that is being imaged.
For example, it is not surprising that the spectrum pro-
duced by a coronal hole, known to be cool with low density,
is dramatically different to that of a hot, dense solar flare.
Therefore, to accurately reproduce the expected transmis-
sion from a given passband, consideration must be given to
the expected characteristics of the feature of interest (e.g.
coronal hole, quiet sun, active region or flare) along with
the changing contribution to the spectrum with height in
the atmosphere.

In the past, analysis of the temperature response of
EUV imagers have been carried out, generally by the in-
struments’ teams (e.g. Delaboudinière et al. 1995; Handy
et al. 1999; Howard et al. 2008; Boerner et al. 2011).
Typically these investigations have been carried out using
a single value (1044 cm−3) of emission measure (EM ∝ n2

e

where n2
e
is electron density), thus ignoring the need to ac-

count for varying density throughout the corona. More de-
tailed analyses of instrument response function have been
carried out by e.g. Del Zanna & Mason (2003) by high-
lighting the importance of including Feviii in the cal-
culation of the Transition Region and Coronal Explorer
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Fig. 1. Comparing the SWAP field of view (centre, large frame) to those of AIA (centre, polygon), TRACE (centre, dotted square),
EUVI-A (right) and EUVI-B (left).

(TRACE; Handy et al. 1999) 171 and 195 Å passbands.
However, as in the instrument papers, the update was car-
ried out for quiet sun emission at a constant pressure only.
Phillips et al. (2005) continued the development of the
TRACE temperature response by incorporating the high
temperature contribution of the free-free continuum, as
predicted by Feldman et al. (1999). Although this analy-
sis was expanded to include emission from quiet sun, ac-
tive region and flaring plasma, the response curves pub-
lished by Phillips et al. (2005) were normalised, making
them difficult to compare to the responses of other in-
struments. Brooks & Warren (2006) further improved the
temperature response of the TRACE and the Extreme ul-
traviolet Imaging Telescope (EIT) EUV filters using spec-
troscopic observations taken with the Coronal Diagnostic
Spectrometer (CDS). Recalculating the ionisation fractions
using the CDS data facilitated a more accurate calculation
of the instruments’ temperature response curves compared
to those in the instrument papers. As before, the analy-
sis was conducted only for quiet sun emission. It is clear
that while there have been significant improvements made,
studies carried out in the past do not facilitate the direct

comparison of multiple instruments or different types of
plasma.

In this paper, version 6 of the CHIANTI atomic physics
package (Dere et al. 1997, 2009) is used to investigate the
temperature response of six solar instruments in the com-
monly termed “171 Å” wavelength band. These responses
are calculated for four classes of solar plasmas: coronal holes
(CH), quiet sun (QS), active regions (AR) and solar flares
(FL). The variation of EM with height is taken into account
through the use of DEM functions. The instruments under
investigation and their corresponding wavelength responses
are described in §2.1. The calculation of isothermal spectra
and the nature of the transmitted spectra are presented in
§2.2. The resulting temperature response curves for the four
solar conditions and for the six instruments are described
in detail in §3. Finally, the conclusion and implications of
this study are discussed in §4.

2. Method

2.1. Instruments and wavelength responses

There are six instruments under investigation in this paper:
the EIT on board the Solar and Heliospheric Observatory

(SOHO; Delaboudinière et al. 1995), the TRACE tele-
scope, the twin Extreme ultraviolet Imagers on board the
Solar Terrestrial Relations Observatory (STEREO/EUVI;
Howard et al. 2008), the Atmospheric Imaging Assembly
on board the Solar Dynamics Observatory (SDO/AIA;
Boerner et al. 2011) and finally, the recently launched
Sun Watcher using Active Pixel System detector and
image processing instrument on ESA’s Proba-2 satellite
(Proba2/SWAP; Berghmans et al. 2006).

SWAP is an imaging telescope consisting of a single
171 Å filter with a field of view (FOV) of 54′×54′ (see Figure
1 and Table 3.1 for comparison to other instruments). With
its remarkable ability to off-point to exclude the solar disk,
this unique instrument provides images of the EUV corona
out to 2 R⊙. The high cadence of the instrument (1 image
per minute) will facilitate the investigation of fast moving
phenomena such as CMEs and EIT “waves”. This will be
especially important in the coming years as the STEREO
spacecraft progress further in their orbits. SWAP, with its
similar capabilities, will be an excellent extension to the
EUVI instruments.

Launched in 2006, the EUVI instruments on STEREO
A and B are full-disk imagers with a FOV comparable to
SWAP. These twin spacecraft have image cadence of >2
minutes and high spatial resolution with a plate scale of
1.6′′/pixel. The instruments have four EUV filters each
(171, 195, 284 and 304 Å) and have provided users with
the first EUV stereo images of the Sun. Although the two
STEREO spacecraft provide a unique and important dual-
view of the sun, as they progress in their orbits away from
the Earth, these instruments will no longer be useful for
on-disk (as seen from Earth) observations.

EIT has often been used as a “third eye” in multi-view
analysis concerning the EUVI instruments. With significant
heritage and the same filters as EUVI, it can provide a com-
plementary or comparative view of an event (e.g. Krista
& Gallagher 2009; Raftery et al. 2010). EIT has signifi-
cantly reduced cadence and spatial resolution compared to
the newer instruments. However, as a pioneer in the field
of solar EUV imaging, it was once revolutionary in its ca-
pabilities.

TRACE has also transformed solar physics using its
seven passbands, 3 of which are in the EUV range (171,
195 and 284 Å). Unlike other EUV telescopes, the TRACE
FOV is not full-disk. Rather, it achieves extremely high res-
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Instrument Plate scale Nominal cadence FOV Aperture area
[arcsec/pixel] [Minutes] [arcmin] [cm2]

SWAP 3.1 1 542 8.55
EUVI 1.6 >2 432 301
EIT 2.6 10 452 12
TRACE 0.5 <1 8.52 706
AIA 0.6 <1 412 314

Table 1. Specifications for the EUV instruments used in this investigation.

olution (0.5′′pixels) in a FOV of 8.5′×8.5′. Combined with
a cadence of less than one minute, this instrument has re-
vealed small scale solar features that had never been seen
before. TRACE also deviated from other imagers in the
type of detector used. Unlike the other instruments listed
here, TRACE utilised a front-illuminated CCD which re-
duced its overall sensitivity. This does not however, affect
the very high quality of the images TRACE produces.

The AIA instrument has significant heritage from
TRACE, although it has reverted to the use of a full-disk,
back-illuminated structure. This instrument has yet again
revolutionized solar physics. With resolution comparable
to TRACE thanks to a very large aperture area, nine EUV
passbands (94, 131, 171, 193, 211, 304, 335 Å), full-disk
resolution and a cadence of less than a minute, AIA has
revealed the solar corona in more detail than ever before.

The wavelength responses, R(λ), of the instruments
listed above are shown in Figure 2. The first deviation
of note is the offset in the wavelength responses’ magni-
tude. As expected, the TRACE response is the lowest of
all, mainly due to the low efficiency of its detector and its
small FOV. Despite its similarity to TRACE, AIA has the
highest response. The shape of the AIA response is also
significantly different to the others. This is a testament to
both its large aperture size and the developments in tech-
nology since TRACE was built. The EUVI and EIT instru-
ments have very similar responses despite their significantly
different aperture sizes. This again, may be attributed to
developments in the efficiency of modern detectors. SWAP
falls between TRACE and EUVI/EIT due to a combination
of its small aperture size and the nature of an APS detector
reducing its overall sensitivity.

Moving through increasing wavelength, it is interest-
ing to note that all instruments have a gradual increase
in their R(λ) over the first 5±1 Å of the wavelength re-
sponse function. It is not surprising that SWAP and EUVI
(and EIT, to a certain extent) have a similar slope in this
regime since these instruments share similar development
techniques. From ∼170 Å the instruments’ responses begin
to deviate. SWAP, EUVI B, EUVI A and EIT have a very
sharp rise between 170 and 171 Å, peaking at (1.2, 7.0, 8.5,
11.3)×10−12 DN phot−1 cm2 str pix−1 respectively. Each of
these four responses “plateau” and remain at near constant
values for 6±2 Å. The TRACE and AIA responses however,
have a significantly different shape. While the AIA response
has a similarly sharp rise to its peak value of 2.7×10−11, the
maximum sensitivity occurs at 172 Åand has much sharper
peak (∼2 Å wide). The TRACE response also has a nar-
row peak, at ∼4 Å wide, although the rise to the max-
imum sensitivity of 2.5×10−13 is far more gradual than
the other instruments. The TRACE and EIT responses de-
crease smoothly to ∼188 Å at which point they level off.
The SWAP, EUVI A and EUVI B all have a steeper de-

Fig. 2. Wavelength response of AIA (green), EIT (red), EUVI
A (blue), EUVI B (pale blue), SWAP (black) and TRACE (pur-
ple).

cay rate between ∼180 - 184 Å and experience a secondary
peak between ∼184 and 192 Å.

2.2. Synthetic spectrum calculation

The method presented here calculates the temperature re-
sponse of an EUV imager between the temperatures of
2 × 104 and 5 × 107 K using four different DEM curves
(Figure 3). The column emission measure (EM) is defined
as the amount of emitting plasma in a column dh. This is
one property required by the CHIANTI routines for this
analysis and can be written as:

EM =

∫
n2

e
dh, (1)

Since DEM = n2
e
(dh/dT ), we can redefine the EM to be:

EM =

∫
∆T

DEMdT (2)

The EM can therefore be extracted from the DEM curve
for a temperature bin of log10∆T = 0.1. The curves used in
this study, obtained from CHIANTI, are shown in Figure
3. The CH, QS and AR curves for both EM and DEM
are very similar up to a temperature of ∼6×105 K. This
roughly corresponds to the temperature at which the CH
EM curve peaks. Following the split, the CH curves rapidly
decrease, marking the little or no plasma present in a CH
at temperatures above 1 MK. The QS and AR curves peak
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Fig. 3. Differential emission measure and emission measure as a
function of temperature for coronal hole, quiet sun, active region
and flare.

soon after at a temperature of ∼1.6 MK and ∼2 MK respec-
tively, although the AR curves have a significantly slower
decay, remaining close to constant until close to 5 MK. The
FL curves show a marked difference in comparison to the
other three. The trough that occurs close to 1.5×105 K in
the other three classes of emission is observed at ∼1 MK
in the FL case. In addition, the DEM and EM peaks occur
at a much higher temperature of ∼10 MK. It is interesting
to note that the FL trough occurs at approximately the
same temperature as the AR peak. This suggests that dur-
ing a solar flare, the plasma within an active region loop is
heated to very high temperatures (∼107 K), thus leaving
the active region loops devoid of 1 MK plasma.

Along with T and EM values, the abundances were
taken to be those of Feldman et al. (1992) and the ion-
ization fractions of Mazzotta et al. (1998) were used. A
generic density value was also supplied. The intensity of
an emission line depends on the population of the upper
levels of the atomic transition, which itself depends on the
plasma density. Although this parameter has little effect
on the overall spectrum, the following density values were
used, one for each emission class:

– Coronal hole: 107 cm−3 (Wilhelm 2006)
– Quiet sun: 6× 108 cm−3 (Young 2005)
– Active region: 5× 109 cm−3 (Gallagher et al. 2001)
– Flare: 1011 cm−3 (Raftery et al. 2009)

Figure 4 provides a schematic diagram of the process
applied to generating the temperature response curves. At
a given temperature, Ti, the corresponding EMi is obtained
(Figure 4a, asterisk) and used to calculate an “isother-
mal” spectrum using CHIANTI (Figure 4b). Each isother-
mal spectrum is then multiplied by the wavelength re-
sponse of an instrument (SWAP in the case of Figure 4c)
to give the expected throughput of the instrument: the
transmitted spectrum (Figure 4d). The transmitted spec-
trum is the number of counts (or DN) a single pixel is
expected to detect in one second at a given wavelength.
Integrating the transmitted spectrum across the wavelength
range 165 - 200 Å for a particular Ti results in the instru-
ment’s response at a that temperature (Figure 4e, aster-

Fig. 4. (a) Quiet sun EM curve with a single point highlighted
at T = 106 K and EM = 2.6×1026 cm−5. (b) Synthetic isother-
mal spectrum calculated for the conditions selected in panel (a).
(c) The SWAP R(λ) function. (d) Transmitted spectrum from
the product of (b) and (c). (e) The SWAP temperature response,
calculated by integrating the transmitted spectrum over wave-
length. The asterisk corresponds to the conditions set in panel
(a).

isk). Repeating this process for all temperatures results in
a smooth temperature response function (Figure 4e).

The method used for calculating the response spectrum
has been verified by comparing the total emission from
spectra across all temperatures to the total emission from
a single spectrum calculated using the corresponding DEM
function. The results are correct to within ±0.2%.

Figure 5 shows stacked transmitted spectra for SWAP,
EUVI A and AIA i.e. colour corresponds to the transmitted
spectrum line intensity across wavelength (x axis) at all
temperatures within the range of interest (y axis). From
top to bottom, these psuedo-spectragrams are calculated
for flares (scaled down by a factor of 100), active regions,
quiet sun and coronal hole (scaled up by a factor of 10)
conditions. There are many features to note, including the
171 Å Fe ix line, present in all cases for SWAP and EUVI
between 0.3 and 1.25 MK (pink/white line at 171 Å). It is
important to recognize the diminished intensity of this line
in the AIA response. This is due to the shifted wavelength
response of this instrument (see §2.1). The Fex lines at
174.5, 175.3 and 177.2 Å formed around 1 MK are visible
with the 174.5 and 177.2 Å lines around 20% brighter than
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Fig. 5. Response of SWAP (left), EUVI A (middle) and AIA (right) to temperature before wavelength integration i.e. the expected
transmitted spectrum for each temperature. Color corresponds to intensity of the temperature response.

the 175 Å line. It can be seen that many of the hot lines
that appear bright in the AR and FL cases are diminished
in intensity for AIA. This is due to the sharply peaked
nature of the instrument response.

The continuum at both low and high temperatures can
be observed clearly in this figure, in particular for the flare
cases. The low temperature continuum is present around
105 K in all cases, although in the CH, QS and to come ex-
tent, the AR case, it is of low intensity. Despite this, it has a
significant integrated contribution to the spectrum between
170 and 180 Å. The high temperature continuum however,
is observed only in AR and FL conditions and has compa-
rable brightness to the 192 Å Fexxiv line (50%). In the
flaring case, it is clear that the levels of high and low tem-
perature continuum are also at similar levels. It should be
noted however, that the low temperature continuum level
in the flare case is 500 times greater than in the coronal
hole case. Although this may be due to the some four or-

ders of magnitude difference in the EM curves for these
conditions, this still highlights the significant contribution
the continuum makes to the spectrum during solar flares.

3. Results

Figures 5 and 6 shows the temperature response of the in-
struments under consideration in this paper, although only
the responses of SWAP, EUVI A and AIA are displayed in
Figure 5. Table 3.1 shows the expected pixel values for each
telescope for each of the four conditions.

3.1. Solar feature comparison

In Figure 6, the temperature response of all instruments for
coronal hole (a), quiet sun (b), active region (c) and solar
flare (d) can be seen. It is apparent that the responses of
the instruments to these different features are significantly
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Instrument Coronal Hole Quiet Sun Active Region Flare
[DNs−1pix−1] [DNs−1pix−1] [DNs−1pix−1] [DNs−1pix−1]

SWAP 2.2 12.9 1.5×102 1.5×104

EUVI A 10.5 65.0 7.9×102 7.7×104

EUVI B 10.1 57.8 6.7×102 6.7×104

EIT 12.4 73.5 8.7×102 8.6×104

TRACE 0.1 0.8 0.1×102 0.1×104

AIA 3.2 23.7 3.1×102 4.9×104

Table 2. Expected counts per pixel for each of the instruments for each solar condition.

different, as expected. The CH response has a primary peak
at 7.5×105 K, a temperature only slightly higher than the
EM peak in Figure 3. This is not surprising since the coro-
nal hole EM never rises above 1 MK (the formation tem-
perature of the characteristic Fe ix/x lines). Rather, in the
CH case, the combined contribution from the oxygen lines
formed at λ < 170 Å and low temperature continuum is
greater than that of the Fe ix/x lines. This is not the case
for the other conditions: the intensity of the Fe ix/x lines
is significantly greater in all other cases.

As expected, the QS response is more sensitive than the
CH response due to the larger quantity of emission observed
in these cases (cf Figure 3). More interestingly, the levels of
sensitivity at higher temperature increases with the forma-
tion of a “shoulder” at ∼3 MK. This is further emphasized
in the AR response, due to rising levels of hot continuum
and the abundance of hot lines. The overall increase in the
AR response magnitude is more than an order of magni-
tude greater than the QS response. Finally, the FL temper-
ature response is the most dramatic of all. Unlike the highly
peaked response functions observed in all other cases, each
response is within an order of magnitude of the peak value.
For example, the sensitivity of SWAP at 105, 106 and 107 K
are 53.8, 697.2, 77.7 respectively. Comparing this one order
of magnitude difference to that of quiet sun (two orders of
magnitude) and active region (three orders of magnitude),
we can see the significance of the high continuum levels.

3.2. Inter-instrument comparison

The temperature responses for each of the four solar condi-
tions are shown in Figure 6 for all six instruments. In order
to compare the response functions of each instrument, we
shall focus on panel d of this figure. Considering the sig-
nificant deviations noted in the respective wavelength re-
sponses in §2.1 (Figure 2), the correlation between the var-
ious temperature responses are remarkable. However, there
are some discrepancies worth noting.

– Between (2-4)×105 K, there is an increase in the relative
sensitivity of AIA and TRACE compared to SWAP, EIT
and EUVI. Since the peak of both AIA and TRACE’s
wavelength responses occur at ∼172 Å, they are more
sensitive to the Ov lines that are formed around 172 Å
between 0.2 and 0.5 MK, thus biasing their R(T ) value
to lower temperatures.

– At temperatures between ∼0.2-0.6 MK, there is a sig-
nificant trough in the TRACE and AIA temperature re-
sponse functions. This is due to the sharply peaked na-
ture of their wavelength response. Comparing the EUVI
A and AIA columns in Figure 5 flare plots, it is clear
that there is a significant difference in continuum lev-

Fig. 6. Instrument response to temperature for six EUV imagers
in the 171 Å passband for (a) coronal hole, (b) quiet sun, (c)
active region and (d) flare.
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Fig. 7. Comparison of our results to those of the instrument
teams (available on SSWIDL) for EIT (a), TRACE (b), EUVI
(c) and AIA (d). The instrument teams results are shown in
black while our coronal hole, quiet sun, active region and flare
results are shown in red, green, blue and purple respectively.

els between 175 and 180 Å at these temperatures, with
AIA showing much lower sensitivity to low temperature
continuum in this region of the passband.

– Finally, it can be seen that SWAP and both EUVI in-
struments have a subtle increase between 4-6×106 K.
These telescopes are more sensitive to emission lines
formed between 183 and 190 Å due to the secondary
bump in their wavelength response. This is primarily
due to the increased continuum levels the secondary

bump accommodates. These faint features can be seen
in the first and second column of Figure 5.

3.3. Comparison to instrument papers

As discussed in §1, the temperature response functions for
these instruments have previously been examined by the in-
strument teams. A comparison to these response functions
was carried out and is presented in Figure 7. Note, the
SWAP response is not discussed in Figure 7 as the results
presented here are used in the SWAP instrument paper.
Each panel contains the R(T ) from the instrument team
(black line) and the R(T ) curves calculated in this paper
for the four solar classes of emission.

Beginning with the EIT plots in panel (a), it is clear
that below ∼105 K, the R(T ) calculated by Delaboudinière
et al. (1995) is in good agreement with our AR response
curve. It is worth nothing the small difference in response
shape at 105 MK.This is most likely to do with the fact that
when this analysis was conducted, the low temperature con-
tinuum levels were not as well understood (Feldman et al.
1999). As the temperature increases, the Delaboudinière
response falls between the quiet sun and active region
responses. A small high temperature bump is noted at
∼ 2.5 MK, although only 10% of the corresponding AR
value. At no stage does the response take into account the
high temperature contribution observed during flares. The
Delaboudinère response to temperatures above 2×106 K is
not available.

The R(T ) calculated by Brooks & Warren (2006) for the
TRACE instrument is shown in panel b. The temperature
response available through ssw has been calculated in the
units of DNs−1cm3. Since the calculation was made us-
ing an emission measure value of 1044 cm3, we have scaled
the response function correspondingly. It is clear that the
response curve accounts for emission around 1 MK during
active phenomena more accurately than EIT. In addition,
the response at lower temperatures falls between our active
region and flare responses and is in reasonable agreement
with the overall shape of our AR curves up to 1 MK. Finally,
while the high temperature response (> 2 MK) lies within
between our AR and FL results, the structure observed in
our flare curve is not seen in the Brooks curve. This is most
likely due to the constant emission measure value used to
calculate the Brooks response. This does not account for
the larger amount of hot coronal plasma that may be ob-
served during flares. Instead, by assuming the volume will
remain constant, the response at high temperatures is flat.

The responses of the EUVI instrument are shown in
panel (c) with comparison to those in Howard et al. (2008).
The Howard response shows similar trends to that of
TRACE: falling between our AR and FL responses with
a peak comparable to our flare peak at 1 MK. Again and
for the same reasons as the Brooks/TRACE response, the
high temperature response from Howard remains flat.

Finally, the AIA responses are shown in panel (d) and
compared to results from Boerner et al. (2011). Similar
to TRACE, it was necessary to scale the Boerner response
function by the emission measure. As before, the instru-
ment team’s response falls between our flare and active re-
gion curves. At low temperatures, despite the offset, the
shape of the Boerner response curve is in good agreement
with our results with many of the smaller bumps visible in
all curves. This is a testament to developments in atomic
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physics, specifically within the CHIANTI packages. As in
the previous cases, the high temperature response is almost
level above 2 MK.

It is clear from these plots that while the response curves
supplied for these instruments make a good approxima-
tion to the response of the average sun, in more extreme
cases, they completely break down. Although for the most
part, a reasonable attempt to account for flaring emission at
∼1 MK is made, the response of the instruments to coronal
holes or even to quiet sun is largely overestimated.

4. Conclusions

This paper studies the temperature response of the SWAP
EUV imager, along with five similar instruments in the
171 Å passband. The temperature responses were calcu-
lated for four different solar features: coronal holes, quiet
sun, active regions and flares. Besides an expected offset
in the magnitudes of the temperature responses, the six
instruments were found to agree remarkably well, despite
significant deviations in their wavelength response func-
tions. Any differences that occurred in the temperature re-
sponses were accounted for by considering the shape of the
wavelength responses. This is a testament to the homoge-
nous nature of the spectrum within the 171 Å sensitivity
range. The revelation comes from comparing the various
instruments response functions for a variety of solar con-
ditions. In an expansion on previous works (e.g. Phillips
et al. 2005; Brooks & Warren 2006; Del Zanna & Mason
2003), we analyzed the response for four different solar
conditions. It was found that there was significant differ-
ences between the “quiet” features (i.e. coronal holes and
quiet sun) and “active” features - active regions and flares.
The most striking difference is the high temperature re-
sponse of this passband. Although known for their response
to ∼1 MK plamsa, 171 Å passband imagers may also ob-
serve emission at higher temperatures, up to 8 MK in ex-
treme cases, provided the volume of emitting plasma is high
enough. The spectral contribution from high temperature
continuum and highly ionized iron in this wavelength range
is non-negligable. Although this will not have too great an
effect for medium sized events, it is something that should
be given consideration during large M and X class flares.

Additionally, the ability to compare the responses of in-
dividual instruments is important to understanding both
similarities and differences in co-ordinated observations.
Presently there exists comparisons between the TRACE
and EIT instruments. This is understandable since these
two instruments have been at the forefront of EUV imag-
ing until very recently. However, with the retirement of
these instruments and the introduction of four new imagers
in almost as many years there is a clear need to expand
the instrument comparison. While the individual response
functions are available in their respective instrument pa-
pers, different units, methods and initial conditions in their
calculation make comparison difficult. In addition, the in-
struments’ temperature response functions are, in general,
presented for only one solar feature - usually quiet sun.
Here we present a solution to this problem by combining
an in-depth study of multiple instruments and different so-
lar conditions.

This paper presents a new method of calculating the
temperature response of EUV imagers to different types of
solar conditions. This method takes account of deviations

in the solar spectrum with different features/conditions. It
can be used for any DEM and can be applied to multiple
instruments, thus facilitating their direct comparison. In
addition, the method can be easily adapted to investigate
other passbands besides 171 Å, along with new instruments
in the future. This work will facilitate a more precise under-
standing and interpretation of EUV images. It will be ex-
panded by incorporating real DEM functions calculated us-
ing the Extreme Ultraviolet Variability Experiment (EVE)
on board SDO in an attempt to generate more realistic re-
sults for different conditions.
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