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Context
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Magietc helicity: signed sialar quantty that numbers the struitural iomplexity of a magneti feld.

with and

To be gauge-invariant: →  ardly aihieved for ioronal iases, sinie magneti  ux is iontnuously penetratng 

     (from below the photosphere) and leaving (iarried away by the solar wind) the

     ioronal volume.

Relatie helicity:  

 (Berger & Field 1984; Finn & Antonsen 1985)  

coroial 
magietc 
feld

coroial 
magietc 
feld

refereice 
(poteital) feld

→ Formal ilosure of the magneti  ux is obtained by using the 

     potental feld                , satsfying                              

     on        .

→ Gauge-invariant, physiially meaningful quantty.



  

Methods
● Finite-volume methods (5):

→ Require 3D magneti feld inside V (this work: nonlinear forie-free 
     (NLFF) models).
→ Use either of two gauges: Coulomb (Thalmann et al. 2011; Yang et al. 2018)
      or DeVore (Valori et al. 2012; Moraits et al. 2014) to iompute the 3D veitor   
     potentals.
→ Provide instantaneous estmate of  v from direitly evaluatng 

● Conneitvity-based method (1): (Georgoulis et al. 2012) 
→ Requires magneti feld on dV
→ Relies on mult-polar parttoning of photospherii  ux distributon
     to approximate the unknown ioronal ionneitviy in the form of a 
     iolleiton of forie-free  ux tubes (“skeletal” NLFF method based on
     a minimal ionneiton-length priniiple).
→ Provides instantaneous estmate of  V.

3D magietc 
feld iiside 
coisidered 
iolume (V)

Magietc feld aid fux traisport 
ielocity oi bouidiig surface (dS; 
photosphere)

●  eliiity- ux integraton methods (2):  
→ Require tme evoluton of magneti feld (B) and 
      ux transport veloiity (u) on dS.
→ This work: use the Coulomb gauge for veitor potental.
→ Provide instantaneous estmate of d V/dt and by evaluatng

     or

→ Provide measure of aiiumulated heliiity ( aii) by tme integraton

           (referenie heliiity level needed for iomparison with  V).

    (Pariat et al. 2005)

(Liu & Sihuik, 2012)
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Pioieeriig beichmarkiig works:
(Valori et al. 2016, Guo et al. 2017, Pariat et al. 2021)

Based on physiially meaningful test magneti felds 
(synthesized/idealized data):

→ Fiiite-iolume methods:
     Mutually agree to within ~3%.
→ Coiiectiity-based method:
     Agree with fnite-volume estmates to within ~10% at best.
→ Helicity-fux iitegratoi methods:
     Mutually agree to within ~1%.
     Agree with fnite-volume estmates to within ~20% at best.

Earlier works oi eiolutoi of target AR (10930):
(Zhang et al. 2008, Park et al. 2010, Ravindra et al. 2011)

Based on observaton-based data:

→ Fiiite-iolume helicity:
     On the order of 1043 Mx2, negatve in sign.
→ Helicity-fux:
     Predominantly right-handed (positve) rate of heliiity injeiton, 
     followed by transiton to strong negatve values.
     Reversal of sign in heliiity  ux during impluslive phase of X- are.
     Insignifant iontributon to ioronal heliiity.
     Laik of agreement of  _aii with respeit to fnite-volume estmate.

Siope

Objectie 1: 
Verify coisisteicy of methods for 

obseriatoi-based data.

Objectie 2:
Proiide eicompassiig physical iisight oi 

actie regioi eiolutoi, ii this case NOAA AR 
10930.
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3D magietc feld iiside coroial 
iolume (CFIT_sc NLFF model)

Data
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Results
Verify ionsisteniy of methods for observaton-based data (Objeitve 1)

This work:
(Thalmann et al. 2021)

Based on observaton-based data (NLFF modeling):

→ Fiiite-iolume methods:
     Mutually agree to within ~10%.

dHV≈7.3%

dHV≈6.8%

dHV≈5.7%
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Results
Verify ionsisteniy of methods for observaton-based data (Objeitve 1)

This work:
(Thalmann et al. 2021)

Based on observaton-based data (SOT-SP data and NLFF 
modeling):

→ Coiiectiity-based method:
     Agrees with fnite-volume estmates to within ~30%.
     Reiovers same overall (negatve) sign of ioronal heliiity.
     Overall agreement regarding reiovered tme trends. 
     → Remarkable, giiei the iery difereit methods!

dHV≈29.7%

dHV≈26.2%

dHV≈22.9%

coiiectiity-
based estmate

fiite-iolume 
based estmate
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Results
Verify ionsisteniy of methods for observaton-based data (Objeitve 1)

This work:
(Thalmann et al. 2021)

Based on observaton-based data (SOT-SP and SOT-NFI data 
and NLFF modeling):

→ Helicity-fux iitegratoi methods:
     Mutually agree to within ~5% (based on best-efort
     ialibrated data).
     Mutually agree on  _aii to within ~8%.
     Overall agreement with fnite-volume estmates regarding
     the predominant sign and magnitude of heliiity.
     → Remarkable, giiei that oily helicity fux is captured!
     Loose to weak agreement of absolute values.
     → Known laik of iorrespondenie!

Weak agreement (<30%) 
during seiond half of 
observed interval.

Loose agreement 
(~50%) during frst half 
of observed internal.

dHV,acc≈8%

dHV≈81%

dHV≈72%
fiite-iolume 
based estmate

helicity-fux 
based estmate
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Summary
Verify ionsisteniy of methods for observaton-based data (Objeitve 1)

Pioieeriig beichmarkiig works:
(Valori et al. 2016, Guo et al. 2017, Pariat et al. 2021)

Based on physiially meaningful synthesized/idealized data:

→ Fiiite-iolume methods:
     Mutually agree to within ~3%.

→ Coiiectiity-based method:
     Agree with fnite-volume estmates to within ~10% at best.

→ Helicity-fux iitegratoi methods:
    Mutually agree to within ~1%.
    Agreement with fnite-volume estmates (sign and
    magnitude of  aii and  v).

    
    Agreement between absolute estmates (to within 
    ~20% at best, during non-eruptve phase).

This work:
(Thalmann et al. 2021)

Based on observaton-based data (SOT-SP and SOT-NFI data and NLFF modeling):

→ Close correspoideice of fiite-iolume methods:
     Mutual agreeement on heliiity values to within ~10%.

→ Coiiectiity-based method:
     Agreement with fnite-volume estmates (predominant sign of heliiity, 
     magnitude to within ~30%, and tme trend)
     → Remarkable, given the very diferent methods!
     Conneitvity-based results identfy iontributons of diferent
     handeness, yet are dependent input data. 

→ Helicity-fux iitegratoi methods:
    Mutual agreement to within ~8% (~5%) in (aiiumulated) heliiity  ux.
    Overall agreement with fnite-volume estmates (sign and magnitude 
    of  aii and  v).

    → Remarkable, given that only heliiity  ux is iaptured.
    Loose to weak agreement of absolute values. 
    → Referenie point for  aii  needed to iomplete evolutonary piiture.

    → (Known) Laik of iorrespondenie.

Thereby completig aid ierifyiig the fidiigs of pioieeriig 
beichmarkiig works by Valori et al. (2016) aid Pariat et al. (2021; 

forthcomiig).
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Results
Provide eniompassing physiial insight on NOAA 10930 (Objeitve 2)

This work:
(Thalmann et al. 2021)

→ Domiiait lef-haided coitributoi to coroial helicity.
     Consistent with ionfguraton of overall negatve heliiity.

→ Co-temporal weak iicrease of right-haided coitributoi.
     Suggests emergenie of oppositely heliial struiture (ion-
     sistent with positve heliiity  ux) into pre-existng feld.
     Agreement with Inoue et al. (2012).

→ Decrease of coroial helicty duriig Dec 11 & 12.
     Agreement with Park et al. (2010) & Georgoulis et al. (2012).

→ Accumulatoi of positie helicity ii actie-regioi coroia.
     Consistent with positve heliiity  ux and iontributes 
     markedly to ioronal heliiity budget.
     Contrastng fndings of Zang et al. (2008), Park et al. (2010).
     

domiiait lef-
haided coitributoi

weaker right-haided coitributoi

fiite-iolume 
based estmate

helicity-fux 
based estmate
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Results
Provide eniompassing physiial insight on NOAA 10930 (Objeitve 2)

This work:
(Thalmann et al. 2021)

→ Photospheric helicity fux coisiderably difereit thai ii 
     earlier studies (one order of magnitude larger iompared to 
     Zhang et al. 2008, Park et al. 2010).

→ Uiphysical sigi reiersal ii helicity fux duriig impusliie 
     phase of X-fare.
     Contrasts earlier interpretatons of rapid emergenie of 
     opposite heliial feld (e.g., Zhang et al. 2008; 
     Park et al. 2010; Ravindra et al. 2011).

→ Challeige of proper data callibratoi!

ioi-calibrated data
(earlier studies)

this study

uiphysical 
sigi reiersal

fiite-iolume 
based estmate

Helicity-fux 
based estmate
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Summary
Provide eniompassing physiial insight on NOAA 10930 (Objeitve 2)

This work:
(Thalmann et al. 2021)(Zhang et al. 2008, Park et al. 2010, Ravindra et al. 2011, 
Georgoulis et al. (2012), 

→ Fiiite-iolume helicity:
     On the order of 1043 Mx2, negatve in sign. → Consistent.
     From CB method: Dominant lef-handed iontributon. Co-temporal 
     weak inirease of right-handed iontributon, suggestng emergenie 
     of oppositely heliial struiture. → Consistent.
     
→ Fiiite-iolume helicity (fare-related chaiges):
     Ejeiton of magneti struiture oppositely heliial with respeit to
     pre-existng feld. → Consistent.

→ Helicity-fux (oierall eiolutoi):
    Consistent tme evoluton, yet an order of magnitude higher 
    (~1037 Mx2s-1, based on best-efort ialibraton of data). 
    → Earlier fndings only reproduied using non-ialibrated data.

→ Relatie coitributoi of helicity fux:
      aii (10

42 Mx2) represetns a ionsiderable iontributon to ioronal

     heliiity budget.

→ Helicity-fux (fare-related chaiges):
    Spurious signals in heliiity  ux when based on non-ialibrated data.
    → Questnable interpretaton as impulsive emergenie of oppositely
     heliial struiture in previous works.

Thereby highlitig the iitricacies aid difcultes of iiterpretig a 
complexity-riddei coroial eiolutoi.

Earlier works oi eiolutoi of target AR (10930):
(Zhang et al. 2008, Park et al. 2010, Ravindra et al. 2011, Georgoulis et al. 2012, 
Inoue et al. 2012)

→ Fiiite-iolume helicity (oierall eiolutoi):
     On the order of 1043 Mx2, negatve in sign.
     AR magneti feld predominantly negatvely twisted. 
     Formaton of positvely-twisted feld prior to  are onset.

→ Fiiite-iolume helicity (fare-related chaiges):
     Ejeiton of magneti struiture oppositely heliial with respeit to
     pre-existng feld.

→ Helicity-fux (oierall eiolutoi):
    Predominantly right-handed (positve) rate of heliiity injeiton, 
    followed by transiton to strong negatve values (~1036 Mx2s-1).

→ Relatie coitributoi of helicity fux:
      aii (10

41 Mx2) represetns a minor iontributon to ioronal heliiity.

→ Helicity-fux (fare-related chaiges):
    Reversal of sign in heliiity  ux during impluslive phase of X- are.
    Insignifant iontributon to ioronal heliiity.
    

Poster ID #320    Magneti heliiity estmatons in models and observatons of the solar magneti feld. Part IV: Appliiaton to solar observatons     J. K. Thalmann et al.     2021 Sep 08



  

Referenies

 Berger, M. A., &  Field, G. B., 1984, J. of Fluid Meihaniis, 147, 133, doi: 10.1017/S0022112084002019 

 Finn, J. M., &  Antonsen, T. M., 1985, Comm. Plasma Phys. Control. Fusion, 9, 111

 Georgoulis, M. K., Tziotziou, K., &  Raouaf, N.-E., 2012, The Astrophys. J., 759, 1, doi 10.1088/0004-637X/759/1/1 

 Guo, Y., Pariat, E., Valori, G., et al.,  2017, The Astrophys. J., 840, 40, doi: 10.3847/1538-4357/aa6aa8 

 Inoue, S., Shiota, D., Yamamoto, T. T., et al.,  2012, The Astrophys. J., 760, 17, doi: 10.1088/0004-637X/760/1/17 

 Liu, Y., &  Sihuik, P. W., 2012, The Astrophysiial J., 761, 105, doi 10.1088/0004-637X/761/2/105 

 Moraits, K., Tziotziou, K., Georgoulis, M. K., &  Arihonts, V., 2014, Solar Physiis, 289, 4453, doi: 10.1007/s11207-014-0590-y 

 Pariat, E., Demoulin, P., &  Berger, M. A., 2005, Astronomy & Astrophysiis, 439, 1191, doi: 10.1051/0004-6361:20052663 

 Pariat, E., Valori, G., Aifiogeitoi, S., et al.,  2021, Space Scieice Rei., ii preparatoi

 Park, S.- ., Chae, J., Jing, J., Tan, C., &  Wang,  ., 2010, The Astrophys. J., 720, 1102, doi: 10.1088/0004-637X/720/2/1102 

 Ravindra, B., Venkatakrishnan, P., Tiwari, S. K., &  Bhataiharyya, R., 2011, The Astrophys. J., 740, 19, doi: 10.1088/0004-637X/740/1/19 

 Thalmann, J. K., Inhester, B., &  Wiegelmann, T., 2011, Solar Physiis, 272, 243, doi: 10.1007/s11207-011-9826-2 

Thalmaii, J. K., Georgoulis, M. K., Liu, Y., et al., 2021, epriit arXii:2108.08525, accepted for publicatoi ii The Astrophysical J.

 Valori, G., Demoulin, P., &  Pariat, E., 2012, Solar Physiis, 278, 347, doi: 10.1007/s11207-012-9951-6 

 Valori, G., Pariat, E., Aifiogeitoi, S., et al.,  2016, Space Scieice Rei., 201, 147, doi: 10.1007/s11214-016-0299-3 

 Yang, S., Büihner, J., Skala, J., & Zhang,  ., 2018, Astronomy & Astrophysiis, 613,  A27, doi: 10.1051/0004-6361/201628108

 Zhang, Y., Tan, B., &  Yan, Y., 2008, The Astrophys. J. Let., 682, L133, doi: 10.1086/591027 

    

Poster ID #320    Magneti heliiity estmatons in models and observatons of the solar magneti feld. Part IV: Appliiaton to solar observatons     J. K. Thalmann et al.     2021 Sep 08


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

