Multi-episode chromospheric evaporation observed in asolarflare
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High-resolution IRIS dbservations with spectral lines such Fe XX1 135408 A have revealed new insight into magneticreconrection, chromaspheric evaporation, loop oscillationand
other important physial processes during flares. With IRS observations, here we report muti-episode chromospheric heating and evaporation duringan M16 flare SOL2015-03-
12T11:50. The cool Si MV and Mg Il lines reveal quasi-periodically enhaned redwing asymmetries, which are accompanied by episodes of chromospheric evaporation. In the first
episode, the Fe XXI1354 A line is ertirely blueshifted. In the second episode, the Fe XX line reveals a nearly stationary component and a bueshifted component, which may result
from a supemposition ofthe newly evaporated hat plasma onthe flare loopthat isfilled with hot materials through the first episode ofevaporationinthe LCS. In bath episodes, the
blue shift of Fe XX 1354.08 A smoothly decreases from ~300 km/s to nearly zero within 3 minutes.

Diagnosing flare dynamics through Fe XX 1354.08 A
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Fig. 1.Typical IRIS spectra in solar flares (Tian etal. 2015).

* FeXXI is formed ata temperature of ~11 MK and it has been
observed in hundreds of flares.
¢ Above loop top (reconnection downflow):

(1) Red shift of ~200 km/s, nothermal width ~100 km/s, observed in
only a few flares

(2) References: Tian et al. 2014; Tian & Chen 2018

* Loop footpoints (evaporation flows ator near ribbons):
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(1) Entirely blueshifted by up to ~350 km: flare kernels are resolved
by IRIS

(2) Maximum blue shifts sometimes offset from the ribbons:
geometry effect
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(3) Blue shift smoothly decreases to ~0 km/s within afew minutes,

and appears to correlated with the energy deposition rate

(4) References: Tian etal. 2014, 2015; Young et al. 2015; Li etal.

2015; Battaglia et al. 2015; Graham & Cauzzi 2015; Brosius & Daw
\ 2015; Polito et al. 2015, 2016; Sadykov et al. 2016; Zhang et al.

<= <=

2016; Leeet al. 2017; Li et al. 2017; Brosius & Inglis 2017; Tian &
Chen 2018; etal.

¢ Flare Loops:
(1) Often strong emission, Zero or small Doppler shift

(2) Global sausage oscillations with aperiod of ~25 s detected (Tian
et al. 2016)

Fig. 2.Different types of flowsin
thestandard flare model.
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Fig. 3. Temporal evolution of the IRIS spectrain the 1354 Aand
1393 A windows at a flare ribbon. Fe XXI velocity peaks before
SXR peak, correlates with HXR, SXR derivative, UV continuum
and Mg Il 27988 A intensity, suggesting chromospheric
evaporation driven bynonthermal electron (Tian et al. 2015).

Fig. 4. Temporal evolution of the IRIS
spectra in the 1354 A window at the loop
top of aflare. Strong stationary em ission
from the flare loop and a ~200km/s
downflow can beseen (Tian & Chen 2018).

Multi-episode chromospheric evaporation at a flare ribbon
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Fig.5 . Temporal evolution of the IRISsp ectra in four spectral windows at the northern ribbon of the M1.6 flare
SOL201503-12T11:50. (B){C) are the same as (A) but along two lines that are 0.7” and 1.7” above the ribbon,

threepan els : Temporal evolution
of the intensities and Doppler
shifts of Si IV 1402.77 A, Mg Il
2791.59 Aand Mgll k, and the
Mg Il k/h ratio, at the northern
ribbon. The Doppler shift values
of the Si IV line have been
divided by three. The vertical
dotted lines indicate some
instants when the red shifts of
these lines are enhanced.

respectively. The black and red arrows indicate the times of 11:42 UTand 11:45 UT respectively.
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Fig. 7. Tim ehistory of theG OES1-
8 A flux, FERMI 26-50 keV flux,
Doppler shifts of Si IV 1402.77 A,
Mg Il 279159 Aand Fe XXI 1354
A at the northern ribbon. The
GOES and FERMI light curves have
been  normalized  to  fit
conveniently on this velocity plot.
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Mg 112791.59 A shows quasi-periodic short-duration red-wing enhancement, which is likely
related torepetitive chromospheric condensation as aresult of episodic heating.
On the contrary, Si IV 1402.77 A reveals a persistent red-wing asymmetry in both the impulsive
and decay phases, suggesting that this line responds to both cooling down flows and
chromospheric condensation.
The first two episodes of red-wing enhancement occurred around 11:42 UT and 11:45 UT, when
two moving brightenings indicative of heating fronts crossed the IRISslit. The greatly enhanced
red wings of the Si IV and Mg Il lines atthese occasions are accompanied by an obvious
increase in the line intensities and the HXR flux, suggesting two episodes of energy injection
into the lower atmosphere in the form of nonthermal electrons.
Correspondingly, the Fe XXI 1354 A line reveals two episodes of chromospheric evaporation,
which is characterized as asmooth decrease of the blue shift from ~300 km/s to nearly zero
within 3 minutes. The Fe XXI 1354 A line is entirely blueshifted in the first episode, while
appears to contain a nearly stationary component and a blueshifted one in the second episode.
More episodes of blueshifted Fe XXl emission is found around the northern ribbon in the decay
phase, though no obvious response is detected in the Si IV and Mg Il emission.
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With observations of IRIS, we study chromospheric heating and evaporation during an M1.6 flare
SOL2015-03-12T11:50. At the flare ribbons, the Mg IT 2791.59 A line shows quasi-periodic short-
duration red-wing enhancement, which is likely related to repetitive chromospheric condensation as
a result of episodic heating. On the contrary, the Si IV 1402.77A line reveals a persistent red-wing
asymmetry in both the impulsive and decay phases, suggesting that this line responds to both cooling
downflows and chromospheric condensation. The first two episodes of red-wing enhancement occurred
around 11:42 UT and 11:45 UT, when two moving brightenings indicative of heating fronts crossed
the IRIS slit. The greatly enhanced red wings of the Si IV and Mg II lines at these occasions are
accompanied by an obvious increase in the line intensities and the HXR flux, suggesting two episodes
of energy injection into the lower atmosphere in the form of nonthermal electrons. The Mg II k/h ratio
has a small value of~1.2 at the ribbons and decreases to~1.1 at these two occasions. Correspondingly,
the Fe XXI 1354A line reveals two episodes of chromospheric evaporation, which is characterized as a
smooth decrease of the blueshift from~300 km s~! to nearly zero within~3 minutes. The Fe XXI 1354A
line is entirely blueshifted in the first episode, while it appears to contain a nearly stationary component
and a blueshifted component in the second episode. Additional episodes of blueshifted Fe XXI emission
are found around the northern ribbon in the decay phase, though no obvious response is detected in the
Si IV and Mg II emission.
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