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e Ha fibril ~ contrail from jet engine
- fat Ha line-center fibril after spicule-1l-like quiet-Sun heating event

— precursor heating to coronal temperature; contrail non-E opaque

— fibrilar nature Ha chromosphere ~ coronal heating? Find more engines. ..

e SDO — SST pipeline = robust black boxes ready for you
— order and download SDO cutouts (small = fast: ~ sequence duration)

— co-align all AlAs to HMI with 0.1” precision
— co-align all SDOs to SST with 0.1” precision and browse

e detecting precursor-contrail pairs = difficult but worthwhile
— SST: statistical evidence of ubiquity, but precursors too small for AIA

— CLASP: hard to detect even in super-opaque Ly« (Kubo san)
— DKIST? not with SE Call 8542 A; with non-E He | 10830 A?
- ALMA?! even a super-Zeeman non-E line?


http://adsabs.harvard.edu/abs/2017A&A...597A.138R
http://adsabs.harvard.edu/abs/2017A&A...598A..89R
http://adsabs.harvard.edu/abs/2016arXiv161105308R

LONG Ha FIBRIL AS CONTRAIL AFTER PROPAGATING HEATING EVENT

SST 2014-06-21 first shown ESPM Dublin 2014
Rutten & Rouppe van der Voort 2017A&A...597A.138R

. -
Ho blue wing  08:20:02 UT  ticks: arcsec

Ha blue wing: fantail with slender extending dark thread = wide blueshifted core

propagating heating event extending in IRIS 1400 A (SilV), AIA 304, 171, 193 A

two-four minutes later dark Ha core fibril, retracting with increasing redshift at both ends

explanation: very large non-E Ha opacity from slow Ly« settling in cooling post-hot gas

SE Call 8542 A shows only start of heating event and finish of redshifted contraction

e Ha fibril ~ contrail: not representing cool present but hot precursor past
e precursor RBE-like but more horizontal trajectory?

e are many/most/all long Ha fibrils contrails? Hard to find, much confusion



http://adsabs.harvard.edu/abs/2017A&A...597A.138R

SDO - SST PIPELINE

RR project: Sunspot 2013 — surgery Jan 2017 — Sunspot 2017

Step 1: find precise solar location (X, Y, t)
— gbo_findlocation.pro: match granulation wherever to that in HMI continuum

— sst_findlocation.pro: idem, start from turret info, refine SST scale and angle
- sdo_findlocation.pro: locate some morphological feature by eye

Step 2: order, get, co-align SDO cutout sequences
— sdo_getdata.pro: orders cutouts at JSOC, gets them, co-aligns them

— uses large slow-cadence disk-center cutouts and tricks to find shifts and drifts
— applies these to fast-cadence target cutouts covering SST field

Step 3: co-align SDO target sequences and SST sequences vice-versa
— sdo_sst_align.pro: matches HMI granulation to wide-band or far-wing CRISP

— corrects drifts from SST correlation tracking
— optionally, at much activity, improves AIA co-alignments by matching 304 A and Ha

Step 4: browse
— crispex.pro (Vissers): with all SDO sequences in one “La Palma” file

- movex.pro (Oslo heritage): any files, fit laptop screen
— scatcont.pro (de Wijn): pixel-by-pixel correlations



SDO - SST PIPELINE
@RR: RUN DEMO SST CONTRAIL DATA 2014-06-21

cd,’ /home/rutten/data/SST/2014-06-21-quiet’ ; no 8542 here, too large

; assoc into IRIS SJI, SST CRISPEX, all SDO files

files=["iris2sst/sji1400_algbo.fits’,’iris2sst/sji2796_algbo.fits’,$
"crispex/crispex.6563.08:02:31.time_corrected.aligned.icube’]

allsdo=1 ; all SDO channels, whyse not
sstspecsavs='crispex/spectfile.6563.1idlsave’ ; Halpha wavs specification
addlabels=1 ; superimpose SDO channel identifiers

intscale=-20 ; set greyscale to max-min stepping 20 per movie

selbox=[50,50,860,860] ; cut off borders with black stripes in SST frames
; startup parameters

wavindA=24 ; Halpha outer wing Doppler, black=blue

wavindB=20 ; Halpha line-center intensity

doppA=1

;7 time_delay=13 ; NO! Dbetter start session at dt=0, slide delay later
plotscatter=1 ; show scatter plot

itthis=88 ; start at long Ha-wing precursor for blinking AIA

movex, files,ntfile=ntfile, $

; display options
intscale=intscale, selbox=selbox,magnification=magnification, $
addlabels=addlabels,plotmax=plotmax,plotscale=plotscale, $
cadence=cadence, xrange=xrange, yrange=yrange, trange=trange, $

; ————— keywords for SDO and SST data
allsdo=allsdo, sdodir=sdodir, sstspecsavs=sstspecsavs,sstlcs=sstlcs,$
; ————— optional startup parameters one may set

plotprofile=plotprofile,plottimeline=plottimeline, $
plotpower=plotpower,plotscatter=plotscatter, $

wavindA=wavindA, wavindB=wavindB, doppA=dopphA, doppB=doppB, $
itthis=itthis,itfirst=itfirst,itlast=itlast,time_delay=time_delay
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e Ha line-center intensity before /during/ after far-wing Doppler in all 2.5x108 samples

e Strous format: factor 2 density contours to avoid plot saturation (current pro de Wijn)

e At=—4min: no correlation (prof de Wijn curves perpendicular)

e At= 0min: significant instantaneous correlation very-bright-at-medium-downdraft

e At=+4min: significant correlation dark-after-hot-updraft, also when skipping contrail
e delay movies: contrail only all 377 time steps contrail skipped

e same signature —> evidence dark contrails and bright downfalls after RBE-like updrafts

e small-amplitude signature remains at smearing = many unresolved (SST or Lya?)



intensity Ca+0

SCATTER Call 8542 A INTENSITY VERSUS DOPPLER
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e Call 8542 A line-center intensity before/during/ after far-wing Doppler

e At=—4min~ At=-+4min: no sign of memory as for Ha
expected: no large jump as Lya, hence fast settling to low temperature, SE valid

e At=0min:
— right: instantaneous correlation very-bright-at-hot-downdraft as Ha
— left: slight instantaneous correlation bright-at-updraft = internetwork shocks

no contrail signature => Call 8542 A shows non-ionizing chromosphere (Call ionizes before H 1)



SCATTER Ha DOPPLER AND INTENSITY VERSUS AIA 304, 171, 193 A
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e no time-delay signature =—> no evidence of precursor heating (flag at right = microflare)
¢ AlA diagnostic formation mostly thin; heating features likely small / slender = too small?

e try: subtraction, running difference, slender-feature alignment, sharper telescope, ...



THE SUN WITH ALMA
Rob Rutten

R 0017A&A...598A..89R = 12 specific predictions
2016arXivi61105308R = IAUS 327 = tutorial

e solar observing with ALMA
— technique: blocking filters = detector detuning (Pavel Yakoubov)

— tests: 2014 and 2015 — images public 2017
— Cycle 4 started Dec 2016: small array, continuum only, pointing? — program list
- eventually sharp: at full baselines D/lambda gains 10*/10% = 10 over SST (but UV)

e simulation predictions: low-chromosphere shocks and structural magnetism
- Wedemeyer et al. 2007A&A...471..977W: CO5BOLD quiet-sun shocks

- Loukitcheva et al. 2015A&A...575A..15: Bifrost quiet-sun plage
— Loukitcheva et al. 2017A+A...601A..43L: Bifrost quiet-sun field measurement

e my predictions: high-chromosphere heating events and post-hot contrail canopies
— many if not most Ha fibrils are opaque post-heating contrails

— ALMA continua have yet larger hot and post-hot extinction than Ha
— ALMA will show high-chromosphere canopies and hopefully the heating events
— H130a may show up in Band 6 (1.3 mm) and be a super Zeeman diagnostic


http://adsabs.harvard.edu/abs/2017A&A...598A..89R
http://adsabs.harvard.edu/abs/2016arXiv161105308R
http://adsabs.harvard.edu/abs/2007A&A...471..977W
http://adsabs.harvard.edu/abs/2015A&A...575A..15
http://adsabs.harvard.edu/abs/2017A+A...601A..43L
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SAHA-BOLTZMANN HYDROGEN EXTINCTION
Rutten — 2017A&A...598A..89R 2016arXiv161105308R (IAUS 327 tutorial)
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e LTE extinction: Lya Ha Hlcontinua H™ ff continuum 8542  other lines
e Ha at high T: LTE extinction from n,~ni™ enforced by enclosed Ly«

e H ionization: n =2 population fixed by (actually non-E) Ly«; hydrogen top has addi-
tional NLTE-SE balancing between Balmer continum and Balmer lines

e Balmer continuum 7,4 ~ 5250 K: overionization below, underionization above
= de-steepening of these LTE H ff Boltzmann increases around 5250 K pivot

o aff ~ N\2N. Ny, T73/? (RTSA Eq. 2.79) gives steep Hff increase between ALMA bands
e features with non-E post-hot Ha extinction have larger to very much larger H ff extinction


http://adsabs.harvard.edu/abs/2017A&A...598A..89R
http://adsabs.harvard.edu/abs/2016arXiv161105308R
http://www.staff.science.uu.nl/~rutte101/rrweb/rjr-edu/coursenotes/rutten_rtsa_notes_2003.pdf#page=47

SOLAR RYDBERG LINES WITH ALMA?

Rutten 2016arXiv161003104J

e ‘linear thermometer”
— H™ free-free + Hl free-free: S =08

— thick feature: T, = T'(1,=1)
— thin feature: cloud contribution AT, =7T

e solar Rydberg lines so far
- in um range Mg | stronger than H

— prediction HIl o lines n=4 — 18
— HI1 19, 21« observed at limb

e H/I Rydberg lines with ALMA?
candidate: HI 30« in Band 6 (1.3 mm)

much stronger than above predictions from large post-hot non-E extinction?

if so, unblendedly present since Mg | etc are not non-E boosted?

on disk as T'(7,=1) emission at steep 7'() gradient
at limb as 77" extension

Zeeman in [ and Stokes: super-sensitive chromospheric magnetometer?


http://adsabs.harvard.edu/abs/2016arXiv161003104J
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e solar physics: in good shape
— population: youngsters here
- observation: DKIST, ALMA coming; sharper EUV? |
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— interpretation: LTE = NLTE = non-E = multi-fluid

e Sacramento Peak Observatory @ 65: claim to fame
- world-leading solar physicists
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— world-leading solar physics
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DETAILED BALANCING

) Hydrogen ionization/recombination relaxation
ke timescale throughout the solar-like shocked Ra-
dyn atmosphere. The timescale for settling to
5 equilibrium at the local temperature is very long,
8 15-150 min, in the chromosphere but much
. shorter, only seconds, in shocks in which hydro-

gen patrtially ionizes.
Carlsson & Stein 2002ApJ...572..626C

net radiative and collisional downward rates (Wien approximation)

(
Ny Ry — Ry, ~ h_l/(] ng " byoy,, | By, — b—J,,O zero for S = J, no heating/cooling

nuCui — 1Chy = mChy (Z—“ - 1) = by Chy (1 — f—’) zero for b, = b;, LTE S'
l

u

dipole approximation for atom collisions with electrons (Van Regemorter 1962)
E : —1.68 a
Cu =216 | —= T32Z N,
l (kT) Gu d
Einstein relation

Olu - C(ulﬂ e_Eul/kT

Gu

C., is not very temperature sensitive (any collider will do); C;, has Boltzmann sensitivity


http://adsabs.harvard.edu/abs/2002ApJ...572..626C

NON-EQUILIBRIUM HYDROGEN IONIZATION IN 1D SHOCKS

Carlsson & Stein 2002ApJ...572..626C

| i _- atomtop~ 3.4 eV alkali: NLTE-SE ionization loop
| ¥n=4 — driven by photon pumping Balmer continuum,
i i n=>3 scattering from deep, ~5300K, smooth

— closure by photon losses in n, lines

n=2 atom bottom actually up to 10eV: non-E Ly«

— tremendous scatttering from small ¢
— tremendous opacity from huge H abundance
— detailed radiative balance

n=1 — non-E: fast settling at high T, slow at low T

RADYN code: 1D(t) hydrodynamics, time-dependent, NLTE radiation, simple PRD
observed subphotosphere piston drives acoustic waves up that shock near ~=1000 km

Ly« scatters in radiative balance and controls n=2. Within shocks S ~ J saturates to B
from radiation lock-in (increased ¢ from partial hydrogen ionization) so that b, ~ 1

collisional Ly« balancing has Boltzmann temperature sensitivity: fast (seconds) in hot gas,
slow (minutes) in cool gas, resulting in retardation: post-shock cooling gas maintains the
high n, shock value at increasing b, during minutes, up to huge overpopulation (b, ~ 10'%)

ionization from n=2: instantaneous statistical-equilibrium balance driven by Balmer con-
tinuum J # B and closed by cascade recombination, with b..,; /bo~10~! in hot and ~ 1073
in cool gas, the latter adding to much larger retarded b,

between shocks hydrogen remains hugely overionized versus SE and LTE predictions


http://adsabs.harvard.edu/abs/2002ApJ...572..626C
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NON-E HYDROGEN IONIZATION IN 2D MHD SHOCKS

Leenaarts et al. 2007A&A...473..625L

“logp [g em”]
12 9

in shocks Ly« has S~ B from high T (fast balancing) and N, (10% H ionization)
retarded collisional balancing in Lya: n, hangs near high shock value ny ~ ni™®
gigantic post-shock n =2 overpopulations versus LTE (“S-B underestimates”)
yet larger post-shock overionization from hydrogen-top Balmer balancing

no Lyman RT: green arches artifacts, no lateral NV, boost from Ly« scattering


http://adsabs.harvard.edu/abs/2007A&A...473..625L

CORONAL EQUILIBRIUM VERSUS SAHA-BOLTZMANN IONIZATION

Rutten + Rouppe van der Voort 2017A&A...597A.138R
“Carole Jordan versus Cecilia Payne”

e CE
— up: collisional excitation/ionization

— down: radiative deexcitation/recombination

— NB: dielectronic recombination

e SB
- up: collisional excitation/ionization

— down: collisional deexcitation/recombination

N, = 10! (other densities)
- SB: N, affects ionization, not excitation

— CE: N, affects excitation, not ionization
- smaller N,: SB peaks steepen and shift left

hydrogen
- long H tail from no HIll (log scales)

— still competitive at 10~° ~ others
Mg lll, CV, SiV, SiXlll, Fe XVII, Fe XXV
"“'“mﬁ : — wide hump from closed shell (atom configs)
LHH( [ , sB C o , .
50 - extra recombination radiation into previous ion

1ol TV v‘\nwmlx ‘xw xxv

¢ Iou (temporaturol [K]



http://adsabs.harvard.edu/abs/2017A&A...597A.138R
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PREDICTIONS FOR SOLAR ALMA

. ALMA sun mostly covered by long fibrils (unlike simulated suns)

similar to Ha, good dark—dark correspondence, more opaque at longer ALMA wave-
lengths, less lateral contrast (no Dopplershifts)

temperatures: above 10000K in heating events propagating outward from activity,
around 7000 K in initial fibrils, cooling down to 5000 K in long contrail fibrils (or less)

heating events best detectable with ALMA (if sufficient resolution)

if so, darker aureoles vanishing above 15000 K (Ly« scattering)

small precursors produce 0.2—0.5 arcsec Ha and ALMA contrail widths (Ly« scattering)
precursors better field mappers than subsequent contrail fibrils (H ionization)
internetwork shocks only in quietest areas, with 4000 K cooling clouds (COmosphere)
no Ellerman bombs (hidden by fibrils)

flaring active-region fibrils poke through (@ measure reconnection temperature)

. off-limb spicules-1l more opaque than in Ha and Call H

coronal rain much more opaque than in Ha


http://adsabs.harvard.edu/abs/2017A&A...598A..89R

total: 376 prioritized proposals out of 1600
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2.
3
4
5
6.
7
8
9
0

10.
11.
12.
13.
14.
15.

SOLAR PRIORITY PROPOSALS IN CYCLE 4

https://almascience.nao.ac.jp/observing/highest-priority-projects

2016.1.00030.S
2016.1.00050.S
2016.1.00070.S
2016.1.00156.S
2016.1.00166.S
2016.1.00182.S
2016.1.00201.S
2016.1.00202.S
2016.1.00298.S
2016.1.00423.S
2016.1.00572.S
2016.1.00788.S
2016.1.01129.S
2016.1.01408.S
2016.1.01532.S

solar: 4% started: December 2016

Shimizu et al.: Micro- and nano-flaring heating events
De Pontieu et al.: Chromospheric heating

Shimojo et al.: High-energy electrons

Okamoto et al.: Wave heating in prominences
Fleischman et al.: Chromosphere hermal structure
Bastian et al.: Spicules

Yokoyama et al.: Chromospheric jets

White et al.: Quiet-Sun chromosphere

Leenaarts et al.: Plage chromosphere

Wedemeyer et al.: Chromospheric heating

Bastian et al.: Quiet sun

Kobelski et al.: Microflares

Reardon et al.: Internetwork waves
Antolin et al.: Coronal rain

Chen et al.: Penumbral energy release events


https://almascience.nao.ac.jp/observing/highest-priority-projects

TEMPORAL CHROMOSPHERIC FINE STRUCTURE LONG Ha FIBRIL AS CONTRAIL AFTER PROPAGATING HEATING EVENT SDO - SST PIPELINE

SST2014.0621 first shown ESPM Dubin 2014 n sum
fiob Ruen Rutten & Rouppe van der VoOrt 2017A3A. 5974 1367 SEpSR Sunwos 201 Dmeect 17

Rutten & Rouppe van der Vbort 2017A8A.. 5974 138R
Rutton 2017A3A...598A..69

« Stop 1: find precise solar location (X. Y.
Rutton 2016arXiv161105308F (IAUS 327) <

thatin

~ sst indlocation.pro: idem, start from turret info, efine SST scale and angle
- sdo findlocation.pros locat

 Ha fibril ~ contrail from et engine some morphological feature by eye
- fori ater spic

- precursor healing to coronal temperature; contrail nor-£ opaque

- fibrilr nature Ha chromosphere = coronal healing? Find more engines...

« Step 2: order, get, co-align SDO cutout sequences
~ sdo getdatapro: ordors cutouts al JSOC, gels them, co-aligns them
= and nd drits

- applies these 1o fast.cadence target cutouts covering SST field

 SDO - SST pipeline = robust black bares ready for you + Ho blve wing;
- order and download SDO cutous (small = fast: ~ sequence duratio « propagating heating event extending in IRIS 1400A (SIIV), AIA 304, 171, 193A « Step 3: co-align SDO target sequences and SST:
- co-align all AIAS 10 HMI with 0.1° precision . " oo s s oMl raration i e oo o i CRISP
- covalign al SDOs to SST with 0.1 precision and browse: - cortects difts rom SST conelaion racking

+ explanation: very large paciy yo 0s

« detecting precursor-contrail pairs = diffcul but worthwhie i = o st ach
- ssT. out « Step 4: browss
- CLASP: hart o dotect aven in super-opacue Lya (Kubo san) #:H il ook ok Teprosentig Cook prasent it Fick prectimcr pait - crispexpro (Vissers): with all SDO sequences in one "La Paima’ fie
- DKIST? not with SE Call 8542A: with non-E Hel 10830A7 « precursor RBE fke but more horizontal raectory? - movex.pro (Oslo heriage): any fils, fitlaplop screen

1 - ALMA?! even a super Zeeman non € line? 2 " o jis? Hard tofind, 3 - scatcont.pro (de Wir): pixel-by-pixelcortelaions.
SDO - SST PIPELINE SCATTER Ha INTENSITY VERSUS DOPPLER SCATTER Call 8542 A INTENSITY VERSUS DOPPLER

@RR: RUN DEMO SST CONTRAIL DATA 2014.06 21

 Ha line-center intensty boore /during/afterfar-wing Doppler in all 25 10" samples . Aline-center

« Strous format: facor i plot saturation . At=-tmin~

imi; 10 gnof memary s forHo
« At=—1min: no correlation (prof de Win curves perpendicular) apociet o s 85 Ly e fet oting 0 low tmperaure, S vald

© A= omin 2 « Ar=0min
~ right; instantaneous carrelaiion very-brighi-al-hot-downdrat as H
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i i L et slight instantaneous corelation bright a-updralt — interetwork shocks
« delay movies: contrionly 8377 tme sieps  contalskipped
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THE SUN WITH ALMA SAHA-BOLTZMANN HYDROGEN EXTINCTION
Rob Rutten Rutten 201784596 69R 2016arXv161105308f (AUS 327 taoris)
201TALA S0 07 = 12 5ot s i W] [nm  Nei0r] i Noior
2016anXi1E 11053088 327 = wtorial o = i
e B
« solar observing with ALUA A iy
~ techrique: bocking fiters = detector dtuning (Pavel Yakoubeov) 2
- tests: 2014 and 2015 ~ inages publc 2017 !/ i
- Cyole 4 started Dec 2016: smallaray,continuum orly, ponting? — progran st u o ©
- eventually sharp: a fullbaselines Dlambda gains 10°/10° = 10over SST (B4l UV) o
t
T s e mm e s e
: ot 19 e 01 e 1)

- Wedemeyer ot al. 2007A8A..471.977W: COSBOLD quiet-sun shocks

" « UTE estinction: Ly o Hlcontinua 1 ff continuum 8542 other lines:

« Haat high T: LTE extincton from 1" enforced by enclosed Lya:

« Hionization: n =2 population fixed by (actually nonE) Lya; hydrogen top has addi
nal NLTESE balancing between Balmer continum and Baimer lines

g s « my predicions:
~ many f ot most o flis are opaque post heating conlras .= 5250K: overionizaton below, underionizaton above
« o time-delay signature = no evidence of precursor heating (1ag at ight = microfiaro) yok oo ok ol hese LTE 5250K pivot
o ing oy small/ sender = too small? w heating events + 0 ~ NN.N., T (RTSA Eq. 279) ivessteep Hil inrease betwoon ALMA bands,
7 o ty: subtraction, uning ifeence, slender-eature algnment, sharper elescope 8 - H1300 may show upin Band 6 (1-3mm) and be a super Zeeman diagnostic 9 . post gortovery
SOLAR RYDBERG LINES WITH ALMA? GONGLUSIONS DETAILED BALANCING
Rutten 20161610031
S enexmmeie) Hydogen inizatontecombintn, wiraion
« chromosphere: very much time dependent imascal roughos no solr
« “earthermometer” @ biohvatnpoipndr
 importance: ubkqitous small heaing events 4 atmosphere. The timescal fr setting to
- H- froedree + Hl reedree: § = e e I\ ‘equilbrium at the local temperaturo i very
R - acton: where hycrogen ioizes 15-150 min_ i the cromosphere butl much
- boring: where hycrogen does ot onize shorter, only seconds, in shocks i which hyaro-
~ thinfeature: cloud contriution AT, — 7T ‘gom partialy ionizes
Cartsson & Stein 2002401 572.626C
« solr Rydberg ines so far
~ injam range Mg1 sronger than + solar in
190 Mgl sironger than H1 Lol net radiative and colisional downward rates (Wien approximation)
- predicton I ines 11— 15 - popuiation: youngsiers here PR ot (5 s —
- dbservation: DKIST, ALMA coming; sharper EUV? o= m ST (Ba =3 d) 200 v/ adaieocky

= HI 190, 210 observed at b
- interpretation: LTE = NLTE - non-E - mult-luid

« HI Rydoerg ines with ALMA? i (1= L) zmrotorh. =, TES
- candidats: H130a in Band s (13 mm)

« Sacvamento Poak Observatory @ 65: caim o famo. pole approrimaton for alom colisons witheirons (Van Regermorter 1962)
e ooy - workteading solar physicists cuman (B2) “Tons g
- ondiskas 7(7, 1) emission at steep 7(7) gracient - world-ading salar physics Einstein relation 0

- atlimb as 77 extension - splendid mankind endeavour
- Zoemanin 1 and Stokes: super-sensitive chromospharic magnetometer?
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NON-EQUILIBRIUM HYDROGEN IONIZATION IN 1D SHOCKS
Garlsson & Stein 20024pJ..572.626C

atom top~ 3.4e!

~ driven by photon pumping Balmer continuum.

scattering from doep, ~5300K. smoth
- closure by pholon losses in 1, iines

1l

B
I

‘ oo s ool
[] e o niace
et
L, souatiwT

« RADYN code: 1DY1) hydrodynamics, time-dependent, NLTE radiation, simple PRD
. = 1000km

« Lya scatters n radiative balance and controls n 2. Wihin shocks s = / salurates 10 &
from radfation lockin (increased - fom partial hycrogen ionization) so that b, ~ |
« colisional Ly balancing has Boltzmann temperature sensility: fast (seconds) n hot gas,

Pigh ; shook (b= 107)

« ionization from 1 —2:
tinuum J # B and closed by cascade recombination, with .
in cool gas, the latter adding 1o much larger rotarded

« betwoen shocks hydrogen remains hugely overionized versus SE and LTE predictions.

"V in ot and ~ 10+

V alkali: NLTE-SE ionization loop.
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NON-E HYDROGEN IONIZATION IN 2D MHD SHOCKS

Leenaarts etal. 2007A48A..475.625%

T R

=
-
-

« in shocks Lya has S~ from high T (fast balancing) and . (109% H onization)

+ yotLargor post shock overionizaton from hydogon-op Baimer balancing

« o Lyman RT: green arches artiacts, no lateral , boost from Lya scaftering

PREDIGTIONS FOR SOLAR ALMA

2017AA. 5984 89R

2. simiar to Ha, good dark-dark correspondonce, more opaque at longor ALMA wave-
ngths, less lateral contrast (1 Dopplershits)

3. temperatures: above 10.000K in heating events propagating outward from actviy,
ound 7000K in iniial ibris, cooling Gown 10 000K in long contiall ibrils or less)

ALMA (i suffiient )
if 50, darker aureoles vanishing above 15 000K (Lya scattering)
Sarcsec Ho and AL

ya scattering)

with 4000K

10 Ellerman bombs (nidden by fiis)

g

oftdimb spiculesII more opaque than in Ha and Call H

12. coronal rain much more opaque than i Ha
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ot 376 priortized proposals out of 1600

SOLAR PRIORITY PROPOSALS IN GYGLE 4

solar: 4%

Started:. Decomber 2016

2016.1.00030.5  Shimizu etal. Micro- and nano-faring heating events

2016.1.00050.8 e Pontieu et al.: Chromospheric heating
20161000705 Shimojo et al: High-energy lectrons
20161001565 Okamolo et al: Wave heating in promis

2016.1,00166.5 Fleischman et al: Ghromosphere hermal sructure

20161001828 Bastian etal.: Spicules
2016.1.00201.  Yokoyama etal.: Chromospheric jots
2016.1.00202. White etal.: Quiet-Sun chromosphere
2016.1,00298.5 Leenaaris et al: Plage chiomsphere
20161004235 Wedemeyer etal: Chromospheric heating
20161005728 Bastian etal.: Quiet sun

2016.1.00788.5  Kobelski etal: Mcroflares

20161011205 Reardon etal: Intemetwork waves
20161014088 Antolin et al: Coronal rin

20161015328 Chen etal: Penumbral energy roleas events

thumbs/thumb-\par
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CORONAL EQUILIBRIUM VERSUS SAHA-BOLTZMANN IONIZATION

Rutien + Voort 2017484..597A. 138
“Garole Jordan versus Cocila Payne”
. ce
- up: colisional excitation/onization
- down: radialive deexciaon/fecombination
= NB: dielectronic recombination
.58

- wp:
- down: collisional doexcitation'recombination
 N,= 10 (other densities)
- $8: . affects ionization, not excitation
- GE: N, afects exciation, not ionization
- smaller X,: S8 peaks steepon and shift left
hyarogen
~ long H tail fom no HIil (g scales)
- sl compotiive at 103~ others
 Mglll, GV, SIV, SIXIl, FeXVil, Fo XXV
- wide hump from closed shell (atom configs)
- extra recombination radiation into previous ion

hmbs/thurb-\p
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