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It was demonstrated the link between waves and FIP
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Multi-instruments
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Let’s go to two steps before: Stangalini et al. 2020
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● The magnetic oscillations 
could be enhanced for 
opacity effects

● look for specific phase 
relations between different 
diagnostics

CP-I Phase lag

Three components:
● 0 and 180 degree → opacity effects
● -35 degree → not consistent with opacity

● IBIS (2016)
● Fe I 617.3 nm 

and Ca II 854.2 
nm full stokes
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one step further: Baker et al. 2021
Multi-instruments
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➔ the magnetic field geometry or connectivity with the outside diffuse
fields could play a role in the wave excitation and propagation (Stangalini et al. 2020 & Baker et al. 
2021).

➔ a possible role between the mode conversion and the detected magnetic disturbances could exist 
if one takes into account the asymmetry of the distribution of the magnetic fluctuations (Baker et 
al. 2021)

➔ the wave activity found could be due to the magnetic field geometry, through the mode conversion 
mechanism which converts MHD waves in different modes with an efficiency depending on the 
magnetic field inclination with respect the wavevector (Houston et al. 2020)

Starting from….
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Data used in Murabito et al. 2021
● Multi-height, multi-line NLTE inversion of IBIS photospheric 

Fe I at 617.3 nm and chromospheric Ca II at 854.2 nm 
observations

● SDO/AIA filtergrams 

● SDO/HMI Dopplergrams 

Fe I 617.3 nm 
continuum

Ca II 854.2 nm 
Core

Blue dots 
(stangalini et al. 2020)
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Analysis of the NLTE inversions

➔ The magnetic field inclination is not significantly different on the two opposite sides of the sunspot.

➔ Waves travelling in all directions (e.g. p-modes) would experience the 
same conditions (i.e. attack angle) and therefore their conversion can not 
justify the asymmetric wave power observed on the left side of the 
sunspot (i.e. blue dots) 7hinode-15 / iris-12 prague 22 september 2022



➔ the study of the power spectrum at high frequencies 
suggests an asymmetric photospheric driver. 
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CHromosphere



➔ Imbalanced LOS velocity power flux detected in the left side of the whole AR. A 
broadening of the power spectrum, referred as acoustic halo (Brown et al. 1992, 
Hindman & Brown 1998, Khomenko & Collados 2009), with respect to that of a quiet sun 
area (where the contribution comes from the p-modes only). 

➔ the halo is asymmetric and cospatial with the locations of the BD inside the umbra.
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SDO/HMI VLOS power maps @5.5-7.5 mHz
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★ Acoustic flux imbalance 

★ The coronal channels (171 Å and 335 Å) exhibit 
a 5 mHz power excess, towards the opposite 
side of the BD locations

★ The lower 304 Å map displays an almost 
homogeneous ring of oscillatory power.

➔ A power deficit at coronal heights cospatial 
with the locations displaying the enhanced FIP 
effect

➔ high-frequency acoustic flux is unable to 
penetrate the upper layers 

➔ clear deficit of power in the BD location 

➔ The wave energy is blocked/lost at some 
point in the lower atmosphere, suggesting that 
the umbral magneto-acoustic waves (BD) are 
unable to reach coronal heights.
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Our scenario:

➔ This provides further evidence of an high 
level of small scale plasma dynamics and 
perturbations that may result in a variation of 
the acoustic field and power

➔ An excess of acoustic wave power in between the 
two polarities, due to strong photospheric plasma 
fluctuations, could result in an excess of incident wave 
power on the left side of the sunspot.

➔ an excess of MMFs in between the two polarities is seen in HMI 
image covering the same observing window
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Thank 
you



12



Chromospheric magnetic field 
inclination over the photospheric 
one.

❏ Chromospheric magnetic field inclination at the BD 
locations 3-4 times more inclined than the other side.

➔ expansion of the field lines about 2 times faster than 
the opposite side

➔ stronger decrease of plasma density with height 

ideal condition for development of magneto-acoustic 
shocks at low atmospheric heights
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What’s next

★ Solar-c will allow precise measurements of 
velocity fluctuations

★ Solar-C will provide unmatched temperature 
coverage

★ Combined with high-resolution of magnetic field 
from ground 
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It was demonstrated the link between waves and FIP
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Multi-instruments
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AR12456 - general overview High-resolution IBIS data

Stangalini et al 2018, ApJ, 869, 
110

Propagating Spectropolarimetric
Disturbances in a Large Sunspot

Houston et al 2021, ApJ, 872, 49
Magnetohydrodynamic 

Nonlinearities in Sunspot 
Atmospheres: Chromospheric 

Detections of Intermediate Shocks

Murabito et al 2019, ApJ, 873,126

Height Dependence of the 
Penumbral Fine-scale Structure in 

the Inner Solar Atmosphere

Murabito et al 2020, ApJ, 890, 96

Penumbral Brightening Events

Observed in AR NOAA 12546

Baker et al 2021, ApJ, 907, 16

Alfvénic Perturbations in a Sunspot 
Chromosphere Linked to 

Fractionated Plasma in the Corona

Stangalini et al 2020, RSPTA, 379, 
20200216

Spectropolarimetric fluctuations 
in a sunspot chromosphere

Murabito et al 2021, A&A, 656, A87

On the Origin of Magnetic 
Perturbations at the Base of the FIP 

Effect
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