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1. Fundamental physical processes and modeling

Transition-Region lines with strong wings: Non-Maxwellian analysis

of line profiles
and intensities

J. Dudik', V. Polito?, E. Dzif¢dkova!, G. Del Zanna®, and P. Testa?

L Astronomical Institute of the Czech Academy of Sciences, Fricova 298, 25165 Ondiejov, Czech Republic
2 Smithsonian Astrophysical Observatory, 60 Garden Street, MS 58, Cambridge, MA 02138, USA

3 Department of Applied Mathematics and Theoretical Physics, CMS, University of Cambridge, Wilberforce
Road, Cambridge CB3 0WA, UK

We analyze the IRIS observation of an active region containing bright transition-region (TR) loops.
Locations showing symmetric profiles of the Si IV and O IV lines are selected. In nearly all of these
locations, the Si IV line at 1402.8 A is much stronger than the neighboring O IV lines. Furthermore,
all TR lines show strong (S/N > 10) and extended wings, i.e., a non-Gaussian profile. We found that
the non-Maxwellian k-distributions approximate these profiles better or at least equally well as double-
Gaussian fits. The values of k found are typically very low, in the range of 1.7 — 2.5. Similar x values
are obtained from fitting the intensities of the O IV lines relative to Si IV. Furthermore, all TR lines
have the same x and width, irrespective of whether the line is an allowed or intercombination transition.
However, we also found a single location showing very strong but Gaussian Si IV line, indicating that
instrumental effects can be ruled out.
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For TR lines, ion abundance peaks are shifted to lower T
High-energy tail: ionization rate enhanced by orders of magnitude
Recombination enhanced by a factor of < 2
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Line Ao [A] Iy [DN] w, [A] K FWHM,, [A] T; [MK]

O 1V 1399.78 A 1399.831 4+ 0.001 3856 0.143 £ 0.010 2.16 £ 0.17 | 0.20 & 0.08 | 1.81 £ 0.26
O 1V 1401.16 A 1401.218 + 0.000 1399 £ 10 0.127 £ 0.003 2.35 £ 0.08 | 0.20 & 0.05 | 1.43 £ 0.06
Si IV 1402.77 A 1402.820 4+ 0.000 4598 £+ 18 0.136 4+ 0.001 2.16 &= 0.03 | 0.19 £ 0.02 | 2.86 £ 0.06
O 1V 1404.82 A (bl STV) 1404.855 +£ 0.001 383 £6  0.163 £ 0.018 1.90 + 0.13 | 0.19 £ 0.13 | 2.35 £+ 0.52
STV 1406.06 A 1406.103 4+ 0.001 282 £5 0.144 £0.021 1.91 £0.18 | 0.17 = 0.17 | 3.64 £ 1.08

= (Almost) consistent k values derived from all five TR lines
= All five lines have the same FWHM

= Significant non-thermal widths . 1A2 - - -
wi = 5307 + (00M)?) = (w™)? + (wW)
Line we [A] - log(Tnaxviaw K] ol | wiiin | 10g(Tnaxms [K]) 0Dy | w3
O 1V 1399.78 A 0.143 = 0.010 5.15 0.040 | 0.137 4.45 0.018 | 0.141
O 1V 1401.16 A 0.127 = 0.003 5.15 0.040 | 0.121 4.45 0.018 | 0.126
SiTV 1402.77 A 0.136 = 0.001 4.90 0.023 | 0.134 4.10 0.009 | 0.136
O 1V 1404.82 A (bl STV)  0.163 % 0.018 5.15 0.040 | 0.158 4.45 0.018 | 0.162
S 1V 1406.06 A 0.144 4+ 0.021 5.05 0.025 | 0.141 4.20 0.009 | 0.143
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= The non- Gaussian profiles are not caused by instrumental effects
= Larger / asymmetric residuals: Possibly 2 Gaussian components
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Detected non-Gaussian,
highly symmetric profiles of TR lines
in 120 pixels

Typical k values found from profiles
arek=1.7-2.5

This is not an instrumental effect
— we detected a Gaussian pixel

Typical k values found from fitting of
relative intensitiesare k=2 -3
(but sensitive to abundances)

The Si IV 1402.8 A line is optically thin

I(A) [DN]

Residuals

E A, = 1402.805 (0.000) : :
E w, = 0.197 (0.009) Kappo
E « = 1.65 (0.02)
4000 3
3000 3
2000 F 3
1000 3
of . .
200 ........................
100 F . I 3
o) ...,.=....x...:.;.!.:.;.,.T.l..I.”.I...I...].T.1.1.1.1.1.:..'.,.,;.!.,. E =
-100 ¢ -
—2000 s 5 ¢ v e s w v e cu e e e o oya

1402.4 1402.6 1402.8 1403.0 1403.2 1403.4
A [A]

Dudik et al. (2017), ApJ, 842, 19

Review on non-Maxwellians
and non-equilibrium ionization:

Dudik et al. (2017),
Solar Phys., 292, 100



= The optical thickness is given by (e.g., Buchlin & Vial 2009, A&A, 503, 559):

M A PN N(SiT?) Ny
7(A) = 70(A0)P(A) = 47T3/2](3A)\D N (Si) Ne

A(Si)

(Ne) As

=  For Maxwellian and thermal width, we get
(Ne)

70 & 0. 26]61010 cm S

= For k =2, the numerical factor is about 1.5
(due to lower thermal width and higher N(Si*3) / N(Si)

"  For the observed width and a Maxwellian, we get

(NVe)

TO =~ 0. 02f1010 cm‘g

= For Kk =2, the numerical factor is about 0.06



= |f the line is optically thick, then the profile should be (for S = const.)
7(A)

I*(\) = / Sxexp (—tx)dtn = Sy [1 — exp(—7(N))]

FWHM; = 0.2 A FWHM, = 0.2 A

1+(2)/1(Ao)




The FWHM changes as

FWHM*(19)* = 8(k — 3/2)w? (111(2) — ln(e:fp(—m) - 1)> "

2.9 i [rrrrrroTs rrrrrrTe [rrrrrrrrT [rr T ]
I Maxwellian 7
= Recall that the FWHM of the Si IV line [E————— K =W10I i
is the same as for the O IV and S IV i s he L
 Aeth e K =2 ,./" I

{off prr—=g =10 75

L4
p
* For solar conditions, %
O IV lines are always optically thin e
because of their small A Ly

il [}

=

('

= = the SilVis optically thin




