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MHD waves in the solar chromosphere
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Transverse waves observed with one spectral line only,
e.g.Call Hor Ha
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Statistics of coronal hole spicules using Ca Il H
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De Pontieu et al. (PASJ, 2007)
using Hinode/SOT data
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using Hinode/SOT data



What are we observing here?
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Part of a pulse?

Important! Determines damping rates due to resonant absorption and phase
mixing, e.g. Hood et al. (Proc. Roy. Soc. Lon. A, 2002, 2005)



Also rotational motion present in spicules and RE’s

Using TRIPPEL/SST Ca Il H data CRISP/SST Ha data De Pontieu et al. (ApJ, 2012)
showed that there are pronounced 25-30 km/s rotational motions in spicules.

Ha Doppler image of spicule
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time [s]

Rotational time distance along spicules and RE’s

Observations show visible lifetime < “period” of rotational motion
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Off-limb spicule observed with SST/CRISP
(De Pontieu et al. , ApJ. 2011)
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On-disc RE observed with SST./CRISP
(Sekse et al. ApJ 2013)



Multi-instrument/multi-wavelength observations should help!
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SOT CaillH e Combined IRIS, Hinode,
SST and DST observations
allow us to see spicules
and RE’s over a longer
time period, e.g., fading
from Ca Il and appearing in
hotter Mg Il line.
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e So far, to my knowledge, no
waves study in spicules
and RE’s using this
approach.

Pereira et al. (2014)



Doppler imaging observations: a great boon!

Using CRISP/SST Ha data Sharma et al. (2016, in preparation) analyse LOS
motion (with Doppler) and POS motion (LCT on intensity)

Doppler Image
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When L.O.S. 1 bulk transverse motion

Spicule (SST/CRISP data) Flare ribbon (IRIS data)
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L.O.S. 1 transverse motion of linear m=1 kink wave
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Of course depends on the See Goossens et

Doppler signal obtained al. (ApJ. 2014)
from the LOS integration




Velocity field slice at height 1.5 Mm

Beyond linear analytical MHD model

N ;

|Oﬂ..0§lliinniu ‘44Ovvvu-||400.'¢‘00000
*l semaaasaaran Try P b hAd s rr e unanne 'O.N
L E R E R AR A EEEEEE A B A E E E R EEE S
LA X ] LI B R T B N TIYYr b A A s s v s T e RN R
AL LI B U B N L T T NYYY PP AN LA L B L B NN O N B A T 1
LA R XN NI I I N Y YTYY P b ASw FOPEFE S
LA L I I I T T T T B B T ] TYY Y bAoA sananahb
L L LS T T T T T B T B B B | LR B S I R TE R R Y]
LA R RN NN I 0808 ve, "R AASS S
S8 B ETSLARNATATN AR S BBERE ans sV haeah
LR NN B BEEEBRRBEREEE) - e ® e wWe e eeank bbb stdeaYy
LR N TS EEE N ] LN LI T BT T O N N AR O U R B B B BE B N )
SRANNTIIAANTE LS I T IR R R R R E R E N, |
SERIIIIANTINSESL T I AT LR RN
ssewwstNLvyryyd dOg +4 hhﬁﬁ&i-r-rra‘.‘-“ni-
SR RS RT NNy PR Y hﬁhﬁ.hﬁttlri-;qni_‘!‘v
LR R AR hh Ph.!..r.‘1itvvt-
Sessasaniai A g * e “..‘w..bb.iv
T Y L R E R R - pyssaranal
/.,f.!i’--l.t.v('!ﬂh .— M‘”“".t”}“l““
EE EEE XX N X B I - - - - -
.-llllt.t'r'% Mh Hil...lllljjl
tt!!!!‘...prtﬁ F hh h&.l\."AAJJJA:
ilII!nqottvr-ﬁﬁ 1 hh& .—.OA..OJAAAAA“
rr v Frefd e ERA gy hh hhhhht!l..'l“AAAAa
P F Pt 4 AR E RNy +4 ﬁhﬁ&ﬁ.“l...lad...‘did
424944480 SRRy Far) PR S LI 3N O BB N B B B
$ 9 4444448080088 us + * e T B RN TNATINY YN
4 4444044 48K 880 * » LR Yy
4 4 4 4 444 4k bhnadSn * v &S aan LA
444444000 0ana08 e v v eSSt LI
& & & A A AR R LEEREEE® L LI B B B LR 2
& & & A A KR * k% w®® L4 L0 B B B L L
A A A A KARRERE®R®TYY & 8 L 20 20 B B BRI | LI
A A A b EEREE®®TFFEYS LI ] LR B B B B | LN
A LARRERKRRD SV VY [ 2 LI BB B I LN
VMY RN RS LI LR I IR B B B ] LR N
L hh bR R T s [ 3 J FYyhuwuAN .-"..
LA AR E R RS TETTISS AFP RO NN LN a0
reo e as [ L L L LB AR

FLASH code (Lee & Deane, JCP, 2009)

ion

tric) rotational mot

non-axisymme

1(
Murwaski et al. (2016, in prep.)

Results in m

Transverse kick at footpoint
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Spicule multi-thread structure
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Two neighbouring “spicules” with transverse waves

In phase Anti-phase
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Estimating spicule velocity vectors with CRISP

Can add the LOS and POS velocity vector components to give 3D velocity
vectors on a “plane”.
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(i) Get LOS velocity from Doppler) ({ii) Track POS velocity using LCT on i@




Zoom-in on spicule velocity vectors
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But remember! Intensity and Doppler signal in Ha also weakest outside spicules

Suggests velocity power not uniform in space and weakest outside spicules



Transverse waves in fibrils
ROSA Ha movie showing ever present transverse motions of fibrils




How to model fibrils as waveguides?

Is the overdense circular cross-section flux tube model valid for interpreting MHD
waves observed in fibrils?

Morton et al. (2012) Van Doorsselaere et al. (2014)
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What do Bifrost simulations tell us?

Leenaarts et al. (ApJ, 2012) state the “dark fibrils follow ridges of enhanced
chromospheric mass density”.
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Important! Shape and plasma structure of fibrils will determine their oscillatory response



Two MHD wae modes present in fibrils?

Using ROSA time/distance slices showed combination of both periodic transverse
motion and flux tube width changes (Morton et al., Nature Comm., 2012)
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Explanation?

Interpreted as concurrent kink (m = 1) and sausage (m = 0) modes in on-disc
chromospheric fibrils.

Kink mode (m = 1) Sausage mode (m = 0)

i ‘:llm,;\-‘

th

Energy flux of sausage mode 3 times more than kink mode

This interpretation assumes a fibril is flux tube with circular cross-section.
Is this actually valid?



What does a kinky sausage look like?
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Sunspot wave fun!
DST/ROSA and SDO/HMI observation of sunspot Jess et al. (ApJ, 2013).
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Apparent m=1 rotation in umbra

Filtered Ha intensity
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Courtesy of D. Jess
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Transverse perturbations decrease at the boundary.
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Adding two m=1 slow kink modes with circular polarization

Density perturbation
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Expanding flux tube simulation
with polarized m=1 slow kink driver
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Photospheric driver?

Filtered photospheric blue continuum intensity
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Recent chromospheric MHD wave mode
review papers
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