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Introduction
Solar flares can have an impact on all layers of the
solar atmosphere. There are strong signatures from
the mid-upper chromosphere, transition region and
corona, but enhanced emission corresponding to ex-
citation of the chromospheric temperature minimum
region (TMR) and possibly also the photosphere
is also detected. The mechanisms of excitation so
deep in the atmosphere are not clear, as it seems
highly unlikely that flare-accelerated electrons can
penetrate there. However, high-energy photons can.

We present observations made by Interface Region
Imaging Spectrograph (IRIS4) during M 7.3 flare of
enhanced line emission from molecular hydrogen, H2
1333.79 Å. This molecule has a formation tempera-
ture of 4200 K6, corresponding to the TMR, and is
formed by photo- excitation (fluorescence) by ultra-
violet (UV) radiation. Therefore, the enhanced H2
UV emission lines give us a view of the TMR during
flares.

Results and Summary
• H2 emission was observed in flare ribbons.
• H2 line is strongest during the flare impul-

sive phase, dims during the GOES peak, and
brightens again during the gradual phase.

• The H2 emission becomes visible when the
Si iv 1402.77 Å line becomes bright and there-
after the emissions are strongly correlated,
supporting the notion that fluorescent exci-
tation is responsible.

• The H2 line is broadened, corresponding to
non-thermal speeds in the range 7-18 km/s,
possibly corresponding to turbulent plasma
flows, of around 10 km/s. Since the H2 line
only appears at the time of the flare we can-
not say whether the flare is responsible for
these flows, or whether they were pre-existing
in the TMR and only revealed by the fluores-
cent emission.

• Doppler velocity = 1.8 and -3.5 km/s
• From the ratio of Si iv (1393.76/1402.77), we

deduce that the plasma is optically thin to
Si iv (where the ratio = 2) during the im-
pulsive phase of the flare in locations where
strong H2 emission was observed. In contrast,
the Si iv ratio is between 1.8 and 2.0 during
the GOES peak of the flare when H2 emission
was relatively weak.
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GOES X-ray flare, AIA-IRIS/SJI and H2, Si iv spectra

Ribbon behaviour in H2 1333.79 Å and Si iv 1402.77 Å

• Top panel: Ribbon emission in spectral images - created by summing DNs over the wavelength range
1333.76 - 1333.87 Å, 1393.5 - 1394.6 Å and 1402.5 - 1403.6 Å.

• Bottom panel: Spectral images at single wavelength values of H2 and two Si iv lines.

• Top panel: light curves and Bottom panel: Scatter plots for ribbons using total emission from lines.
• Emission in the ribbons at these two wavelengths is strongly correlated, consistent with fluorescent

excitation. However, the gradients of these correlations are different.

The optical properties of plasma to the outward-going radiation using the ratio of the two Si iv lines.

• At R1, ratio = 2 (during the impulsive phase) - indicates an optically thin plasma.
• At R1, ratio = 1.8 – 2.0 (at the peak of the GOES flare) - indicates an increase in the opacity.
• At R2, where ratio > 2.0 - a contribution from resonant scattering5, Dark blue color = saturated pixels

A detailed flare radiation hydrodynamics simulations by Kerr et al. (2019) demonstrate that the opacity
changes are due to temperature and density changes as the flare chromosphere changes, not Si iv photo-
ionisation changes. The opacity effects can lead to a range of ratios from 1.8 to 2.3. They argue that the
intensity ratio represents the ratio of line source functions, which depends strongly on the complex structure
of the upper chromosphere and transition region. This requires further theoretical study.


