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Albsteact

We prescnt resuhs from an observing campaion in suppodt of the VAULT20 sounding secket launch on 2014
Sepiembser 30, VALLT20 is a Lya {Illﬁ-ﬂ] speciroheliceraph capable of providing specirohelisgrans ai high
cadence. Lya ohservations are highly complementary s the /B0 observations of the upper chromosphere and the
ko iransition region (TR but have previous]y boen unavailable, The VALULT2.0 data provide new constraints on
upper-chromosphernic conditions for numer ical models. The observing campaign was closely coordinaied with the
RIS mission. Taking advaniage of this sinmlianeous muoki-wavelengih coverage of trget AR 12172 and by using
staie-of-the-an mdiative-MHD smuolations of apicules, we investigate in detail a type-11 spicule associated with a
Fast {300 km 5" network jet recosded in the campaim observations. Our analysis suggests that spicular material
cxist sspendad high in the aimosphene bod &t lower temperaures (seen in L) undil it 5 hested and booomes
visible in TR temperatures a5 a nemwork jet. The heating begins lower in the spicule and propagaies upwards as a
rapidly propagating thermal front. The front B then observed a5 fas, plane -of-the-sky modion iypical of a network
jet, but contained inside the pre-existing spicule. This wodk suppons the idea that the high sapoecds neponed in
netwiork jets shoukl nod be taken & real mass upfows but enly & apparent spoeds of a mEpidly propagating heating
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Bridging the Gap: Capturing the Lyo Counterpart of a Type-Il Spicule and Its Heating

front aleng the pre-exising spicule.
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1. Ront poshis et i

The chromosphere is one of the keast understond layers of
the sodar stmesphere bocause of our limited wnderstanding of
the goveming physical processes. Inthe last 1 1o 15 years, the
chromosphere has boen propelled 1o the forefront of solar
physics rescarch thanks 1o spociacular new ohservations from
apace with the Solar Optical Telescope (80T Tiuncta
e al 2008 on boand the HINVODE spaceerall, the M plnce
Reglovt fmaging Specfograph (IRIS; De Ponticu e al 2014103,
the %ery high Amgular mescltion Uhmviolet  Telescops
WALLT, Eorendyke e oal. 20010, and from te ground with
the Duich Open Telescope (Rutien et al. 20040, the Inerfero-
metric  Bidimensional Speciropelarimeizr (IBLS;  Cavallini
200G, the |m Swodish Solar Telescope (85T Scharmers
el al 2003y, and, panicularly, the CRisp Imaging Speciro-
Polarimeter { Schamer of al. 2006, The advent of sophisticated
numerical simulations, which are beginning o addiess the
complex physics of the optically thick chromoapheric plasmas,
has helped n the nderpretation of the observations {eg.,
Maninez-Syloora ¢ al. 2017h).

M omew class of spicules {iype-ll spicules) has been
discovened in Hiseele /SOT Call H ohservations (De Ponticu
el al, 200%. They scem to exhibit much fasier spocds a5
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compared 1o the “raditienal” class of wype-l  apicules
{30100 km s "0 InCa 1 H filliergeams, type-1l spicules appear
t e shorter lived (with tpical lifetimes of 10-150s) than
type-l spicules, wheneas, for higher chromoesphenic tempera-
tures feg., Mg 1l h and k Pormation tem peraiunes) or iransition
region (TR temperatures {eg., SV the lifetmes are 3—10
minutes (Pereira @ al 2004). These spicules are mooted in the
chromospheric  network  and  consequendly, due b0 their
ubigquity, they ane regarded as a significant source of comonal
mizss and heat wansfer (Do Ponticn ¢ al 20000 Tian @ al
(2004 sudied counenpans 1o spicules in the fRES FLNY 511
channels and called them “network jes.” They measurad the
plane-of-hesky speads with the aid of space—time plots and
reporied spoeds of =80-250km 5", They concluded that due
te these very fast speads, nemwork jets could be a significant
sourog of masa 1o the solar wind, On the oher hand, Bouppe
van der Vodrt o al. (20015, vsing 88T and MR observations,
studied the heating signaiures of on-disk type- 1 spicules and
they Fownd that many type -1 spicudes on the disk are assoc aied
with network jets Inaddition, they provided Doppler spoads of
these on-disk type-11 spicules. These speeds (50-75 kms ")
seem 1o disagree with the speads of Tian e al (2004), despite
the similar viewing angles. This discrepancy mases  the
impprtant quesion of whether the high speeds meporied by
Tian @ al (20043 ane apparent specds and nod e mass
upflows. De Pontien @ al. (20017 wsed the stsie-of-ihe-an
simulations of Mariiner-Bykora et al. {20017h) and suggesiod
that the specds of the network jets are likely not caused by neal
mizss motions, but by heating fronts that peogagate al those
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aponds. The network jet spoads would then be undersiond a5
apparent spocds (and nod real mass motions). This can resolve
the discrepancy between the plane-ofthe sy motions in
images  and  the  line-ofsight  velecities  from  Doppler
THESE e T .

I this paper, we derive new observational constrainis froem
the WAULT2ZO0 and MRS coordinased observations. The
WALILT20 seckel experiment (Wery high Angular sesolution
Uliraviek: Telesoope 200 Yourlidas e al 20060 is a Ly
apeciroheliograph  designed 1o observe the  upper-choomo-
apheric region of the solar amosphene in high spatial (-~ 1Y)
and temporal reseluion (851 VALLT2I0 is a reflight of the
WALLT mocker and was successfully launched on 2004
Seplember 20 from White Sands  Missile Range.  The
VAULTLD experiment was complemented by an observing
“eampaign” friom ground-based (BBSO, 1BLS /K80, SOLIS)
and space-bome (5000 ALS (HML RIS, HINODEELS/S0T)
observateries. The imponance of the addition of YAULT2.0
Ly ohscrvations 5 that Ly is foomed at a location in the
apecirum where the 1Y continuum is low, essentially allowing
imaging with relatively low photospheric contamination and
thus high contrast due 1o suppressed background emission.
This is critical when secking the en-disk coune npans of type-11
apicules.

This papser & osganized as follows: in Section 2, we describe
the jeint VA ULT20 and [RIS observations of a type-11 spicule.
In Sectien 3, we discuss the numerical model used 1o inderpret
the observations followed by a discussion in Section 4. We
conclude in Section 5.

2 Campalgn Observations

The VAULTLO obssrving windew lasted fw aboul  five
minaes { 18091814 [T However, the campaim obserations
wiere initisted several hours before and cocluded a few hours
after the VAULTX0 Mlight. During is Aight, Y AULT2 0 olserved
a failed eropion and caplured codling dewnfows and hrigh
ribvbaons around the tarpet AR 12172 {Chinteoplow e al 2007, Ad
the time of the fight, the AR was st heliographic cosrdinates 5157
WY The WALULT20 large (3847 = 256 fiekd of view (FOV)
capiused sulstamial areas of the quiet Sun (0QS) around ihe targe
AR The spatial resoltion was determined post fight (=152
Wouwlidas et al 20060 and 34 images wene pecorded a1 an Bs

TRES suppatod the observational campaien by providing a fast
time-cadence (135 image series from 6 sli-jaw imagers {in
short, S0 TREY was inoa “sparse”™ (1Y separation) cight-step raster
e (B S-10 38355271, centered &1 (x, v) = (TL1Y, —281%)
and ohserved the target between 1713 and 2000 UT. The 511
peshands coverad the lower TR ai A0 A {dominated by Silv
o emissien) and st 133004 (dominated by T don emission)
with mean formation temperatunes of =R0000 K and = 30,000 K
respactiviely (see Bathone & Carksen X015 fora furher disossion
o he domimant empe ranes of plama emssion in C 1 1330 A,
The FOY of these SRS 511 images (1207 = 1207 is amaller than
that of WALULT20, bui bree enough i contain the core of the
targel AR a5 well as some 08 :'-:igi:m north and souh of te AR,
The 511 pixel sise & OF 167 pix~ and the data were comecied fior
flat-fcld, dark curent, amd geometne distanions & described in
Cre Ponticw et al. {20140 In Figure |, we show the FOVs of cach
instrument superimposed on a A4 A context image from the
Admoaphenic Imaging Assembly (AlA; Lemen et al. X002 on
bapard the Senlen Dvaierimic s Ofserversory (5000 Pesnell e al. 2002,

P
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Cualitively, the Ly observations show similarities in stociune
with ohsenations in the 3 A peaahand of 5000 AlA and also
with the SI1 1400 and 1330 A pesshands of fR15 {compare panck
{a) and (b of Figure 1) Inothe 98, the chromosphernic nemwodk is
the dominan rocione, while in the location of the AR an inverse
[-shape filament & seen as adak feamre, summounded by emission
from thae nearhy plape.

Sinoz the campaign inc ludes only en-disk observalions, we
restricied our effonts in finding type-I spicules on-disk. This
restriction, combined with the relatively small SRS 511 FOY,
made for a challenging analysis sinee apicules ane bes seen
againsl ow background emission {which & best for spicules st
the limb) Afler carefully inspecting the image series in the
common FOY of YALULTL0 and (RIS (oo spicules, we
identified a fast network et in the MRS 1400 and 1330 A
perabands in the sowth of AR 12172 {the location is shown with
a green box in Figuse 1 In Figuse 2, we show thiee snapshots
of the aea aound the network je, as recosded in the
aforementioned  WAULT20 and /RS pasbhands The
A0 300 FOV comtains chiemoespheric makerial with both
dark and bright feamres (see Figare 1), These feamres form a
darker backpround against which a sudden brightening, typical
aof anemwork jet, can be identified on-disk. The network jet is
shown in the bodom right panel of Figuse 2 (indicated with a
white amow), Based on the 511 images, the widih of the je is
found to b ~0075.

The space—time plot of Figure 3 shows a parabolic profile
{visible in kb JRES pessbands bud Best seen in SilY 1400 A
due W ils betier signaHo-noise mEtie). This is compatible wilh
the presence of atype Il spicuke, with the bright TR emission
outlining the spatial exent of the spicular makrial, a5 B also
shown in De Pontieu et al. {2007, This may be assoec ed with
a hesting front st TR demperatures as il iravels along the
apicube’s axi (Maninez-Sykora @ oal. 2007k. When the
spiculke B folly evobied {~A0s latery, it brightens along iis
whole length (18:13:08 UT) in the 1400 and 1330 A SI1
images, Emission reoocurs aboul a minute after the firsl peak of
emission, & [H: 1440 UT. This resurgence leaves two almost
virtical streaks inthe space—time plod of 1400 and 1330 A in
Figure 3. Their veriical extent cornesponds to the length of the
apicude, ~d Mmoo projected on the plane of the sky. From
thise space—time plis, we dedwce an appaent sposd of
~ 300 kms "

The YWAULT2LO observations meweal a slighly different
behavier than the B0 obscrvations. Lyo emission peaks
simultanecusly with the Si1v 1400 A and C 11 1330 A emission
a5 shown in the space—time plots of Figure 3. However, while
the apparent parabolic profiles in the JRIE pessbands devielop,
thene is sudden Ly emission over the full length of the spicule
fior w1200 5 b fiore thee first brightening in 1400 and 1330 A
at LR:13:48 UT demission between the 1R 12 and 18: 14 verical
bear, o left panel in Figure 33, The festure can be soen in the
WALLT2Z0 frame in the middle wop panal of Figuse 2 {red
dashed cirele). In additien, the Ly simecire has the same
liear extent & the JEMNS-observed type-1l spicule, which
sugpests thal material appears to pre-exisl al the location
where the network jel oocurs, but al lemperamnes ower ihan
the TR temperaturss observed by RIS,

The mesused pline-of-the-sky speed of ~300 km 5" lies
on the high-end of the apeads of network jets reporied by Tian
el al. (20040 and Marang et al. (20063, In this panicular case,
the brightening & happening ina spicule in an active region. ln



I'HE ASTROPH YRICAL JouRsal 53700 (Sppl J001E Apeal 10 U mrcgrhoan enal

(a) SDO/AIA 3047

¥ (arcsecs)

30-Sep-2014 18:11:07 UT

s00 &0 Foa BaO 900 1004
X [arcsecs)

dat

b IRISISI 14004 . () SP?."I'-H'.I'II

&

[
-2

T lsrcancE

30

N
=1=1
i

3 I'I'"‘"rl r11'l"'l |

= EBC e ] 720 Tl TEI 720 = H &an o T 740 TEC: TE0
¥ fancsmos! * lancme s

Figare 1. (a) Coste st Evuige oo ALY DN @ 0y A s gy o BN o WAL TE D el DRTY. Tk g o slacvivs e geom of 0 " ow AT compered o e o soe
of e Type-11 spicide ¢ oobserved by VALLTED and TREE b The FOY of FRE S0 b 1400 A (cp The Boe- of-sighe o iogren focen ML SEMD for tke FOY of
fpeemez ] (b b sameraned cp E3000 . Lk ok pooeess of oy connespeoed oo poeannve (e gt | erepreer e podormee s e boocan o wkeroe e type- 1] spec ek amd st work e
O i e Eno b s i et b0 0 peossitn? ol iy pl e neieos



Tk Asrmornveca . Jouese 23T T (Sppk 2012 Apal 10

Ta Mori [aresec]

TH TELOTED TR YD
R B

1 b oo e al

ij

Yrieshnos Cpe e ly

i

L ]

W Bz AT Tndzre iy

il

=
#

=
&
[ il R el e

=
=

Fl|;|:|:|11 There-evoletion of o serwork jor observed s Lya 1206 A by YALULT20 (iop w b osd with dhe TRIS sl jrw ivoger i 50V 1400 A (eraddle wo p asd © 0
130 A (beomoen ror | The FOAY comrespoads oo e gees bon of Fopae 1. bwessaes for eoch pussband § are soenalized as Jf T with [, being dee s oreges
ey b e PO of deer oo e seses Sooling s |ogardenes (b 10} i:-t'.u.l e, The shap dork foaneres o eke RIS FOWY's ore pormcl s oo dee 5 - e
et o Thee mee pvw ol o oo ket af o e s i e oo et oo of 5 IV 1400 A wsd © 0 1330 A The Lyvr cosmterpent of e meriork pen b s peade de wd
e i e o bt e v 5 B s B0 - it it st st i 100 1284 U T cppermnc e of the meviod jor feoanpain the costest in wd deked circles
bevwem v vele g ). The g dedked ol shows i pazel 15:1354 rorks dhe ama coota ey the mervoik pr md dee blee dedeed eomsgle ook dee oo
e i B et e r @ opproaimanely o 90F megrle Piaeks oloag e dusk Bmes e deese boonmoss e sed ot space g plots of Figere 3

the following section, we investigate this case with an
advanoxd radiative-MHD modiel.

3. Bifrost Maodel of a Spicule

T address the guestions raised by our analysis, we compare
the ohscrvations (o simulaed  spicules  (Martinez-Sykora
e oal. 200Th) The Bifrost code (Gudiksen et al. 2001 solves
the MHD equations, while including the radisive losses
iHayek e al. 2000; Carlsaon & Lecnaans 2002), the thermal
conduction along the magnetic field, and the jon-newisal
interaction affocis by adding the ambipolar diffusion and the
Hall term in the induction equation {see Martines-Sykora
e oal 2002, 2007a for details on the ambipolar diffusion on
these models). This model soles the single-fuid MHD
cquations and akes into accomt ion-neutral interaction e fecis
In shon, ina panially onized magnetized pas, the ambipolar
diffusion describes the decoupling of the bulk of the Auid with
miagnetic Qux. This is a consequence of newlrak being able o
move “Freeh,” while lons are coupled W the magnetic field.
Doz ey collisions, ions can ako be decoupled friom the magnetic
fickd. Mot that ihe ambipolar diffusion permiis te diffusion of
the magnetic feld and dissipaies magnetic energy into themal
cnergy. This numerical model s capable of self-consisiently
preducing typse- 1 spicules { Maninez-Sykora e al. 2007k

The simmlation analyzed here i the 250 sadiative- WD
migbel  describad  in detadl i Martinez-Sykora @ al
(20086, 2007k, The numerical domain ranges from the upper
layers of the convection zone (3 Mm below the photosphenz) 1o
the seli-consistently maintained het cosona (A0 Mm above the
phodesphenz) and B0 Mm aleng the hor montal axis. The spadial
resolution is 14 km aleng the horizental axis. For the ventical
direction, the grid is non-uniform, allowing for a finer grid size
in locations where it is necessany o resolve featunes, such as in
ihe phaotosphene o the TR, and ooarser inthe conona and docper
imde the convection zone {Le., variable grid size manging from
1250 km). This simulation shows the formation of very fasi
network jets seen in synthesized S0V emission (De Ponticu
el al 2007 In addition, we derive symhetic Ly observables
to inderpret the themal evelution from the observations.

For ithis wodk, we cakulited the synthetic 501V intensity,
assuming onization aquilibrivm and an optically thin appros-
imation, auch as that in Hansteen ed al (20000 Lyo profiles
wiere calcubated in detail by solving the full non-LTE radiative
transfer problem on & oolumn by colunn basis with the RH
L 530 code {Uienbrock 2001; Pereira & Uitenbrock 2015). A
five-level phs continuum model hydrogen atom was used. The
L S0 approximation was used 1o keep the computational costs
down. To compare with WALULTLO observations, we inie-
prated the synthetic Ly line poodibes over a Gausaian bandpass
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with 80 A FWHM. Because of this inlegration, the mean Mihalas 1973}, afier testing a single snapshod from our model
indensity B mone imponant than the specieal line shapes. While series, we find that when wsing the | 5D approsimation,
Lyer sul fers from partial redisribution (PROY efects (Milkey & calculations ssauming complete redistribution (CROY give a
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mzan intensily that i closer s the full 30 PRD approach. The dotied parabolic envelope (inside the preen dashed oval | in
reasen is that the PRD effecs reduce the intensity in the Tine panels {dy and {e)y there seens to be an osder of magniude
wings, while 3D effects do the opposite | Sukhomokoey & difference in the nommelized intensities between Ly and Si 1y,
Lecnssrs 20071 Thenefore, our adopiad 150 CRD apprcach wilh Ly emission being higher than 511V, This enhanocad
gives a remonable approxinmtion when studying wavelength- emsaivily of Lo comes fiom the spicular column (above + = 1),

imegraied Ly profiles. similarly 1o the enhanced emission seen in the ohservied Lya
In Figure 4, we present temperaiuse maps from the sinmilation spoc—time profile before the occwnence of the netwodk jet in

at thro: comsecutive instances during the heating of the type-11 Bi v {panek (20 and {b) in Figwre 30, Then, sl ~%90 5, a audden
apicule (pancls {aic) and synthesized Ly and 501V emer gend brigchtening oocurs aleng the whole spicule in Si1v {and Ly
intensitics in space—time plot (a5 observed from the wop of the camsed by a sudden temperaiwe incresse (up 1o~ 10 K) in a very
b, Similarly 1o the observations in 80 1Y, a bright point-like narrowy region on the right-hand side of the spicule {pane] (k).
frond wravels with the growing spicule a5 soen in the sapace—ime This comesponds 1o the bright lnear featre inside of the dashed
pleds {foming a parabolic profile; yellow doted envelope in oval 2 in the space—ime plos in panels {d) and {e).

panels (d) and {0} This arises from a moving front of TR In the temperature panels, te formation height of Ly (7= 1,
cimission al the top of the spicule {panel (al), cnhancing the shown by the black solid lines in panek (') B at the exact
cmssivity in boh simulsed passhands (Lwe oand 5w, becation of the fegion that underpoes the temperafune  nene e

Havwaewer, uge o that time, inothe region enclosed by the yellow fiashod oval, panel (B0, Arcund 10 s later (f= 1080 5 dashed

i
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oval 3 in apace—ime plos in panck {d) and {2l a secoend
emission enhancement ocours that is associaed with an inerease
of temperature up 0 ~10" K in mest of the spicdar plama
(el (), dashed oval),

T fusther investigate the physical proossses responsible fos
the simmulated event wie '."';pl'.:l.l".'d e Joule ||l.'.'.“|'|i.|'|l.' |:||_'|:|
column, Figure 53 elecwical cument {JF], middbe),  and
ambipolar diffusion {right) &l selected times before the times
aof dhe F'.HI'II\.'Ih faHc sl I‘il.'l].l'l\.' 4. Am elecirical current is
traveling within the chromosphene {disecied from right 1o lefi,
a oseen in Figuse < atl Alfeinic spoads. At =928 5 the
current front is &t 1 o= 708 Mm (shown with a dashed oval in
pran | (b3 and at 5 = 900 5 has spresd out along the very right-
hand side of the apicule (inside the oval in panal {3, Due o
ambipolar diffusion {(Figure 5, right colimn) the cument is
dissipated rapidly and heas the plasma (lefl panels) in a verny
localized segion along the spicule. The heating timescale of

few seconds is a result of the @mpid propagation and of the sapid
dissipation of the cuments, e, atan Alfvin speod between 300
and 500 km s~ " Following this Alfvénic wave, a wider current
frond is covering most of the spicule at r = 1050 5.

d. Diec ussion

The existence of makeral in Lyo emperamres before the
mani festation of network jets challenges the idea that the plane-
of-the-sky modions of netwoerk jeis ae meal mass motions of
apicubes soen in the TR Previcusly, Tian et al {2004) and
Marang et al. (20016) performed a stalstical study of a large
sample of network jets seen in SREY C 0 by messuring the
planc-of-the-sky speads and they found a distribution of speeds
between 80 and 300kms ' Rouppe van der Voon e al
{2015, conducied an analysis of the heating signafures of on-
disk type-1l apicules using o data from the 85T with 811V and
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C Il from (R4S, In their work, they reponied Doppler velocitices
much kower than those in Tian e al. (20047, Le, 50-75 kms .
W should stress here that both studies dealt with on-disk cases
af network jet and type-1 spicules, with similar viewing angles.
The difference in the reponed spoods betweon the o sudics is
atriking. One would expect a close match of spoads doduced by
the twoe methods (e, plane-ofthe-sky speeds and Daoppler-
doduced speoeda) if these modions were feal mass modons. 1If
ithere ane real mass motions of ~150-300km 5" then, given tha
network jets ane observed o be soughly sadially onented, then
the Dogepler speads should feveal these speods o sl leas show
an oader of magniiude agreement. The ohserations frosm
WALILT20 and RIS sugpes that type- 1 sapicules pre-exist al
tempe rafuses visibke in Ly, and that seme of the plasmain these
iy -1l spicules suddenly gets heated o higher, TR temper aiures,
which is revealad & rapidly propagating linear featuses inthe TR
paabands observed by TR (el network jets) That is, our
analysi docs nod suppon the interpretation that the speeds ane
real mass motions bl rather sugeesis that they arnise from
thermial fronts, which hest the spicular plasma,

Funhemose, we conclude that since iype- I spiculs soem o
have muwch lower mass Bow spoads than the apparent spoeds of
network jets (which are nod mass Bows), this may abo have
implications for sstimaies of the contribulion of spicukes 1o the
sobar wind mess fux, As discussed in Tanet al. (2014%, using a
mean jet speed from thelr sample of 150 kms " they estimaie a
spicular contribution 0 the solar wind of (28-364) =
Iﬁ"igi Y if all of the mass of the network jets contributes 1o
the solar wind In addition, they ackmowledge that the lack of
coronal ehservations of suffcient sensitivity makes it diffacult 1o
assess whether the aforementioned rate i a realistic conir ibution
i the solar wind, They concluded that the above mass
coniribution raie s =2-24 times larger than the toal mass loess
aaociaied with the solar wind {ranging from {12-19) =
0% gs" bemween solar minimum and solar  maxinom
respoctivelyl Using the same ssumptions here, we would
arpue that by using the conservative Dogpler spoeds of abowt
S0 kms~" (s measused in the analysis of Bouppe van der Wison
e al. (20015 on type -l spicules) & a more real Blic measune for
ihe mass uplows in fype-1l spicukes (insead of the appaiend
aponds of network jes), this would reduce the values 1o about
ome-thind, i, =068 dmes the wial loss mmie of the solar wind
Hovwewer, meither the Tian @ al. (20040 values nor these values
are accurale eslimates of the mass contributing 1o the sl wind
since it is nod known what fraction of the spicular mass i heatoed
1o million degree temperatures. We need e siress hene dhat
aldressing the question of spicular contribution to the solar wind
in the way of Tian etal 2004) is complicaied by the Fact that,
Just like with cosonal heating, the contribution of the spicules
iy s b limited w0 jus providing mass, b could abe include
generation and propagation of cuments, which can then dissipate
i the wind and kead o exira evaporation Indesd, parabaic
profiles usually suggest that the swpended mass comes down
Or observations, with unigue  emperame  ooerape  and
spatictemporal resclution, suppon the view presenied n De
Pontieu et al. (2007, e, thal network jets ae primarn ly appanend
planc-of-thesky molims arsing from enhanced emission of
rapidly propagating heating fronts along pre-cxising apicules,
rather than actual upward mass motions.,

1 b oo e al
5. Comclusion

We ohserved the ooccumrence of a fype-ll spicuk in the
common FOWs of WAULT2 0and 8PS S11 imapers. The spicule
contains Ly mterial & dower inemsities for ahoul two minules
pricd W i counderpan in SiY and O 0 (Figures 2 and 33 Once
the type-ll spicule meaches TR temperatres, it brighens twios
within 52 5 in all three passbands (Fimure 30

We emphoyed a state-of-the-an 250 MUD Bifrost sinolation
of a type-ll apicule {Maninez-Sykora et al. 200 Th). According 1o
this medel, ambipolar diffision facilitstes the dissipation of
elecirical cuments within the  type-ll spicules causing  the
emperature 10 increase rapidly. The smthess of observables
from this simulation shows precodenos of significant emission for
Ly as compared 10 811V emission in the spicule. The rapid
empersiure changes have an impact on the emissivity of the
different jons. Two brightenings in the same spicule anise from
s epiodes of cumment dissipation within the spicule.

In cone lision, the precedence of Lyo emission v o minutes
before the brighening in S0y 140604 and C 1 1330 A peinds
1o the existence of a “Lya counterpan™ for the network jets
Our unigue obaervations elucidate the heating prooess and the
merphobkogy of the type-ll spicules. De Pontiew e al. {2007
have provided evidenoz that the specds of network jets e pontad
by Tian e al (2004 and Narang ef al (20065 ane md e jel
aponds and conversely nod mass upfllows at those spocds. Our
analysis of VYAULTLD observations provides  additional
evidence n agreement with De Ponticu et al 2017 and
sugpests that spicular material pre-cxiss al chsomospheric
temperaiures &5 a Lyoa sapicuke. That spicule heats up o TR
temperatures due 10 a rapidly moving heating front which
resulis in the apparent fand nod real mass motion ) speeds in the
fiorm of fast nemwork jets within the same spicule.
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