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The hydrogen Balmer lines show enhanced emission in various energetic He is located just redward of the strong Ca H line core which poses a
phenomena in the solar atmosphere. For example, the Ha line shows complex wing challenge for the understanding of the spectral line formation. To
enhancements in the Ellerman Bomb phenomenon. Recently, Ellerman bombs understand the formation of Hg, especially the transition from absorption to
have been detected in the HB line at high humber densities in the quiet Sun and it emission line, we investigate the line formation using 3D radiative MHD
was concluded that these mark the ubiquitous presence of small-scale magnetic  Bifrost simulations and NLTE forward modelling with RH. The locations
reconnection. In this work, we explore the diagnostic potential of the 5th where He goes into emission mark regions of steep chromospheric
transition in the Balmer series, the He line, one of the shorter wavelength Balmer temperature enhancements and indicate regions where magnetic energy is
lines that promise detection of small-scale energetic events at higher spatial released. He could be therefore a valuable tracer for small-scale energetic
resolution than achieved before. events in the solar atmosphere.
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Reconnection events are ubiquitous in the solar . , |
atmosphere and appear as different phenomena X 1 LE% O R VLl R B a2 \
depending on the atmospheric layer. We are especially € o R R a1/ ‘ : . e ~ y : NN : .
interested in reconnection events located in the solar = _ - L7~ e P ial he Inemission 2 — :\& e fmemission
photosphere. These events are difficult to detect, L ars % \ N
especially in quiet Sun regions with weaker magnetic B O o - S\ f )
field. In the vicinity of sunspots with strong magnetic ’ . T . o | . - % N RN ©
flields and flux emergence, "strong" photospheric A Ab w4 A ' ‘ v
reconnection events are called "Ellerman bombs" (EBs) " pac N > iy
and appear as intense brightenings of the extended T wy A . e 2 :
wings of Ha and are invisible in the line core (Ellerman U xS’ TR Nk o
1917). However, as photospheric reconnection events D o % ' _ Y : -
should also appear in regions with weaker magnetic | & NG e’ .
fields, the question arises: how can we detect such n——
small-scale weak reconnection events and which (b) _ | o | 39 '(;{086 J
spectral line would be a good diagnostic tool ? ’ & Ll
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Rouppe van der Voort et al. (2016) discovered Ca e
photospheric brightenings that resemble the main B ‘ ‘
characteristic of EBs in quiet Sun locations and called v
these phenomena quiet Sun Ellerman-like brightenings

(QSEBs). A subsequent study by Joshi et al. (2020)

continued the characterizations of QSEBs with _
observations in the hydrogen HB line and found a P x : | ’ ,_ e
significantly higher number of QSEBs. This raises the = j ~ A ‘ A ATl N 7 iy e SN ) S -
question if this brightenings play an important role i!p-"J E N X ' : ., _ g . W
the energy budget of the lower solar atmosphere‘ahd Fig. 1: Quiet Sun observed by CHROMIS at the Swedish 1-m Fig. 2: Same as Fig.1 but for a sunspot ob§frvation.

reconfiguration of magnetic fields at photospheric ~ Solar Telescope. (a) Ca H core. (b) He core. The crosses , %
heights. mark regions with He emission, whose individual spectra

are shown in (c). A
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Looking for new diagnostics to explore small-scale
reconnection, we study the He line. This line appears as a
weak line blend in the red wing of the strong Ca Il H
spectral line. He has two advantages compared to Ha
and HB: higher spatial resolution (through shorter

He at 397.008 [nm]

the He lines using the RH 1.5D code (Pereira & Uitenbroek 2015).

wavelength) and enhanced contrast (through el 5 3 hdl B Caca |
wavelength dependence of the Planck function). We are (@) : ’ : ’ =
particularly interested in He emission lines as they mark ) .
regions of temperature “enhancement in the low o P A . A .. .
chromosphere (Auyres egz’al. 1976), making He a good 4 i
candidate to detect reconnection events in the deep
soI?r atmosphere. : : ; : ; :
, 200 _., ............... , .................... ....................
i - : : s A :
X
300 _ ............... 5 ..................... -I' ................... ....................
HOW? |
To study the formation of Ha, We use a Bifrost simulation of solar ................................................ x ................................ . .....................
enhanced network (EN) from Carlsson et al. (2016) and non-LTE spectral
synthesis with partial redistribution. We synthesise both the Ca Il H and
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Throughout the chromosphere the ionization state of hydrogen is x:352y: 271 %dl\ - HNE: proton
strongly affected bg non_equilibrium ionization (NE') effects and ............................ ............................ .......................... ........ —iifligyéf;fi 1023§ 2N SE: proton :
coupled to the Balmer continuum radiation field. We include the effect e SrEe W . bl
~ of non-equilibrium ionization in the RH code by keeping the ionized (Lu o ‘
: o population of hydrogen constant, as the simulation treats hydrogen in e £ 107
f NEI. The modeled Balmer continuum accounts for line blanketing in the & e
1 ‘ s Balmer continuum wavelength range. ; o ALK \
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1 -We compute the contribution functions for relative absorption or £ S A \ / ‘\
y ‘ “emission at each atmospheric height following Magain (1986). Because 107 \/ / Ao
" Hellies on the wing of the much stronger Ca Il H line, we calculate the 10t | _ \V
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- 6. ¢ Fig. 3: Synthetic He spectra from the Bifrost EN simulation. The horizontal extent is 24x24 Mm?, with 504x504 grid poiﬁts (96 km pix™1).
e | (7 _+ (a) emergent radiation at rest wavelength of He. (b) vertical cuts for temperature, gas density, and magnetic field at the dashed red

line. The black lines show the t=1 height in SE (solid) and H-NEI (dashed). Markers on black lines indicate regions of emission in He for
SE (filled circles and crosses) and H-NEI (only crosses). (c) individual He spectra from selected points, marked with crosses in (a), where

(@) (b) x: 241 y: 408 He is in emission, for SE (solid lines) and H-NEI (dashed lines). (d) proton and electron densities in the atmosphere for the position (x,
> Bl ' ' | y)=(352, 271), marked with a blue cross in (a). ¥
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G RESULTS K v
15 R We found multiple examples of He in emission in the EN simulcgion. In
E = particular, it occurs in locations that have a steep temperature rise
% 101 2 105 through the chromosphere, marking regions where the chrorr;dsphere is
= 5 heated. Regions with He emission are generally found inside granules, in
T 05 ol intergranular lanes where multiple granules meet and at bright features
[ which seem to connect granules. Non-equilibriumn hydrogen ionization
0 6 3o Lo O 0 e 8 T T T T 'z o affects the formation of He. Compared to SE, we find fewer regions with
Av [km/s] Av [ken/e) o g 3 f:)gr° ”8'0;‘;;9&? f:J:“g oli%":s 'Or;?;f'lfgz < emission lines and the emission is itself weaker.
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(©) e T e R T N mggra%OS:ﬁZ [c"(')p':'agh d3%ot'fcgrm efgg We conclude that He could be a valuable tracer for small-scale heating
i X T, Yoy X T panels SRS the factors tRaw compose events with photospheric origin heating the lower chromosphere.
3 e the contribution function for
§ § intensity, shown at the bottom right.
= 101 =108 Also, the panels on the right have
S S colour maps centered around zero, ‘
T 05 T 05 with blue showing negative values ‘ e
(contribution to relative emission),
and yellow showing positive values
00- e (contribution to relative absorption).
Red lines show upward velocity and
151 151 cyan lines show the t=1 height. In the
= T top right panels, the dotted blue line
=00 R shows the gas temperature and the '
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