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Quiet Sun (QS) and coronal hole (CH) regions are very well distinguished in the radiation recorded at
coronal temperatures. However, in those recorded at chromospheric (except in He II lines) and tran-
sition region temperatures, they appear very similar. In this study, to understand the similarities and
di↵erences between QS and CHs at chromospheric heights, we make use of the high-resolution spectro-
scopic observations recorded by the Interface Region Imaging Spectrograph (IRIS) in Mg II 2796.35 Å
spectral line. We find that, in Mg II lines, the QS and CH regions are visually strikingly similar to
each other. However, when we compare the radiance in the MgII (k3 and k2v) in areas with similar
magnetic field strength, we find that CHs are significantly dimmer than QS. Moreover, the di↵erence
in radiance increases with increasing magnetic field. We note that the di↵erence in radiance decreases
with decreasing spectral resolution and almost vanishes at a resolution of 11 Å. The region-specific
dependence of radiance of Mg II line suggest that the magnetic field plays a vital role in the heating of
the quiet chromosphere. Moreover, this study provides essential ingredients for solar spectral irradiance
modelling for the better understanding of the Sun-climate relationship.
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Objective

Coronal holes and quiet sun 
are distinctly observed in 
coronal images.

Our aim here is to study and understand the 
similarities and differences in CH and QS in 
Mg II lines (i.e. chromosphere)

SOHO/EIT
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• Any difference may shed light on the way the 
quiet sun and coronal holes are heated in 
chromosphere? Population of  different kind of  
loops? 

• Difference in CH and QS in coronal 
images are explained by loop statistics 
(Wiegelmann and Solanki 2004)   
 

• Mg II index - used in modelling of  solar 
spectral irradiance -  Sun-as-a-star

Objective
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Mg II index

Mg II core-to-wing ratio 
Indicator of  chromospheric 
activity 
Strongly correlated with the 
most strongly varying Ly-
alpha (Krivova et al. 2006) 
Insensitive to instrumental 
degradation (to first order 
(Heath and Schlesinger 1986) 
Used for UV solar spectral 
reconstruction and 
degradation correction

Snow et al. 2014

Any difference in Mg II in QS 
and CH, will give difference 
in Mg II index and therefore 
needs to be incorporated into 
Sun-climate models.
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Observations

• Mg II spectral line is optically thick (show centre-
to-limb variation) 

• CH and QS observations should be taken at 
the same heliographic location 

• Either at the same time (in the same raster) OR 
sufficiently close in time to avoid any bias due 
instrumentation degradation

– 10 –

derived using 11 Å and 1 Å resolution spectra that were obtained considering Sun-as-a-star

data (see e.g., Heath & Schlesinger 1986; de Toma et al. 1997; Viereck et al. 2001; Snow et al.
2005, 2014). Our findings suggest that the Mg II index for CHs should be lower than in QS,
in particular for 1Å resolution data. This fact has not been accounted for in the modelling

of the total solar irradiance (TSI) or SSI using the Mg index so far. In the future, the Solar
Ultraviolet Imaging Telescope (SUIT; Ghosh et al. 2016; Tripathi et al. 2017) on board the

Aditya-L1 mission of the Indian Space Research Organisation (ISRO) shall provide full disk
images of the Sun in 11 different passbands in the 2000–4000 Å wavelength range, including

two filters centered at the Mg II h&k lines and two at their wings. The images in the
Mg II h & k lines and their wings will be obtained with a spectral resolution of 4 Å. These
observations will for the first time, provide opportunities to measure the spatially resolved

Mg II indices for the whole Sun, which has not been possible so far. This in turn will provide
improved empirical models of the TSI as well as SSI.

We thank the anonymous referee for the constructive comments.This research
is supported by the Max-Planck Partner Group of MPS at IUCAA that is funded by MPG

and DST (IGSTC). IRIS is a NASA small explorer mission developed and operated by
LMSAL with mission operations executed at NASA Ames Research center and major con-
tributions to downlink communications funded by ESA and the Norwegian Space Centre.

AIA and HMI data are courtesy of NASA/SDO and the AIA and HMI science teams.This
work was partly supported by the BK21 plus program through the National Research Foun-

dation (NRF) funded by the Ministry of Education of Korea. PK is currently funded through
the National Science Centre, Poland, (NCN) grant no. 2014/15/B/ST9/00106.

Table 1: Summary of all the three sets of observations of quiet Sun (QS) and coronal holes

(CH). τ is the exposure time, µ is the cosine of the heliocentric angle and BLOS is the average
LOS magnetic field.

Date(Time) Field of View τ [s] µ BLOS/µ [G]
Data QS CH QS CH QS CH QS CH QS CH

Set 1 10.11.15(13:30:04) 129′′× 170′′ 15 0.81 0.88 10.06 10.64

Set 2 04.01.16 05.01.16 126′′× 130′′ 129′′×173′′ 15 15 0.90 0.90 10.18 10.41
(04:54:38) (14:50:33)

Set 3 18.12.14 29.11.14 34′′× 181.0′′ 126′′×129.0′′ 30 30 0.88 0.81 19.44 16.98
(05:47:42) (23:02:45)
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Fig. 2.— Region of interest for data set 1. HMI magnetogram (panel A) and AIA 193 Å

image (panel B) showing a portion of the solar disk containing both QS and CH on 10 Nov
2015. The blue box over-plotted on panel B represents the FOV of the IRIS raster. The

IRIS intensity images obtained in Mg II k2v and Mg II k3 are shown in panels C & D. The
over-plotted contours (at a level of 80 DN/s in the AIA 193 Å channel) in panels B, C & D
demarcate the boundary of the coronal hole and quiet Sun. The lower black and upper blue

boxes in panels C & D represent the QS and CH regions, respectively, which are used for
further analysis.

Observation Set 1 - HMI and AIA
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Fig. 1.— An averaged, over entire raster, spectrum obtained in the Mg II window of IRIS
observation taken on Nov 14, 2015. The k-line is boxed in red and is also shown in the inset.

The blue arrows in the inset locate the k2v and k2r peaks and the central absorption at k3.

Following Leenaarts et al
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Fig. 2.— Region of interest for data set 1. HMI magnetogram (panel A) and AIA 193 Å

image (panel B) showing a portion of the solar disk containing both QS and CH on 10 Nov
2015. The blue box over-plotted on panel B represents the FOV of the IRIS raster. The

IRIS intensity images obtained in Mg II k2v and Mg II k3 are shown in panels C & D. The
over-plotted contours (at a level of 80 DN/s in the AIA 193 Å channel) in panels B, C & D
demarcate the boundary of the coronal hole and quiet Sun. The lower black and upper blue

boxes in panels C & D represent the QS and CH regions, respectively, which are used for
further analysis.

k2v k3

Observation Set 1 - IRIS k2v & k3
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Fig. 5.— Coronal intensities vs. magnetic field. Top panel: Intensity scatter plot as a

function of magnetic field for quite-Sun (black) and coronal hole (blue) as obtained using
AIA 193Å. Bottom panel: AIA 193Å intensity averaged over bins of <BLOS>/µ in the

quite-Sun (black) and coronal hole (blue).
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Fig. 5.— Coronal intensities vs. magnetic field. Top panel: Intensity scatter plot as a

function of magnetic field for quite-Sun (black) and coronal hole (blue) as obtained using
AIA 193Å. Bottom panel: AIA 193Å intensity averaged over bins of <BLOS>/µ in the

quite-Sun (black) and coronal hole (blue).

Factor of  ~5 difference in 
the CH and QS intensities 
in Corona

– 14 –

Fig. 3.— Distribution of magnetic field in QS and CH as identified in Fig. 2.

Distribution of  B-field in 
CH and QS is very similar
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Fig. 4.— Mg II k line profiles averaged over QS (black color) and CH (blue color) in four
bins of different pixel averaged LOS magnetic field, as labeled in each panel. The values

represents the average of <BLOS>/µ in the respective bin. The magnetic field units are in
Gauss.
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Magnetic field distribution
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Fig. 6.— Chromospheric intensity in Mg II k3 vs. magnetic field. Scatter plot (top),
histogram (middle) and averaged intensities with magnetic field (i.e., B/µ) of QS (black)

and CH (blue) for Mg II k3 (bottom).
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Fig. 6.— Chromospheric intensity in Mg II k3 vs. magnetic field. Scatter plot (top),
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Fig. 6.— Chromospheric intensity in Mg II k3 vs. magnetic field. Scatter plot (top),
histogram (middle) and averaged intensities with magnetic field (i.e., B/µ) of QS (black)

and CH (blue) for Mg II k3 (bottom).

Significant differences between 
QS and CH intensities for 
identical field

The difference increases with 
magnetic field, saturates later on. 

Similar results were obtained for 
k2v.
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Fig. 8.— Region of interest for data set 2. Images taken by AIA in the 193 Å channel showing
QS (left panel) and CH (right panel). The over-plotted green boxes locate the regions which
were rastered by IRIS. Note that we have used the same minimum and maximum values to

plot these images.
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Fig. 8.— Region of interest for data set 2. Images taken by AIA in the 193 Å channel showing
QS (left panel) and CH (right panel). The over-plotted green boxes locate the regions which
were rastered by IRIS. Note that we have used the same minimum and maximum values to

plot these images.
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Fig. 10.— Photospheric magnetic field and chromospheric emission for data set 2. Magne-

tograms are shown in panels A & D, Mg II k2v maps are shown in panels B & E and k3
maps is shown panels C & F. Top row is for CH and bottom row is for QS.
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 SET2: Mg II k3, k2 and Wing
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Fig. 11.— Relation of chromospheric emission to magnetic field for data set 2. Average

intensities obtained in Mg II k3 (top-panel), k2 (middle panel) and wing as a function of
<BLOS>/µ.

Just to make  
sure that these  
differences are  
not instrumental  
e.g., stray light

As in the case 1,  
significant 
differences  
are observed
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Effects of  the Spectral Resolution

– 24 –

 All three Sets: 1 and 11 A
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Fig. 12.— Intensity vs. magnetic field based on low spectral resolution data. QS (black) and

CH (blue) intensities as function of magnetic field estimated using 1 Å spectra (top panel)
and 11 Å spectra (bottom panel).

Differences are seen 
even at 1 A resolution, 
that disappear for the 11 
A resolution data

Mg II index derived using 
1 A data being used for 
modelling of  SSI needs to 
take this into account.

Mg II indices are 
measured using 11A and 
1A sun-as-a-star spectra 
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Summary and Conclusions

No visual differences in QS and CH in Mg II line  

Emission from Mg II k3 & k2v, originating in the 
chromosphere, is significantly lower in CH than in QS for 
the regions with similar magnetic field strength.  

Wing Emission, originating in  photosphere, do not show 
any difference (as it should be), ruling out instrumental 
effects such as stray light.  

The difference in Mg II  (k3 and k2) intensities between QS 
and CH increases with increasing magnetic field strength.  

The differences in the intensities decrease with 
decreasing spectral resolution, and disappear for 11 A 
resolution.
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Loops in coronal holes are on average flatter  
than in QS 

High and long closed loops are extremely rare  
in coronal holes 

Short and low-lying loops are almost as abundant in 
coronal holes as in the quiet Sun.  

Many low lying short loops —  
strong chromospheric and TR emission 

Very few high and long closed loops  
very weak coronal emission

(Wiegelmann and Solanki 2004)
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B distribution


