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Magnetic helicity



Why is helicity a measure of magnetic linkage (case of two unknotted 
flux tubes with no internal twist)

 
   



Gauge dependence



Relative magnetic helicity

• A potential field is a convenient choice of Bp which satisfies the 
condition curl Bp = 0 and B . n  = Bp . n

• It is gauge invariant

• It has all the physical properties of magnetic helicity



Self & mutual helicity



Helicity of an isolated flux tube: twist and writhe



Twist and writhe: a solar example



Another useful decomposition



Conservation of helicity



Helicity computation methods



Connectivity-based method



Helicity flux integration method: calculate helicity injection rates



Comparison of different methods using the same observations

Unsigned flux

dH/dt from FI method

ΔH resulting from dH/dt

H from FV method (black)
ΔH resulting from dH/dt (green)

Thalmann et al. (2021)

Unsigned flux

Free magnetic energy from NLFF (black)
Free magnetic energy from CB method (blue)

Helicity from FV method (black)
Helicity from CB method (blue)

• Strong agreement among the finite-volume methods

• Moderate agreement between the connectivity-based and finite-
volume methods

• Excellent agreement between the flux-integration methods

• Overall agreement between finite-volume- and flux-
integration-based estimates regarding the predominant sign and 
magnitude of the helicity 



On the global scale mutual cancellation of H of opposite signs can’t relieve the Sun from excess accumulated H.

CMEs as expulsions of twisted m.f. consist the main process through which accumulated H is removed from the   
corona (Low, 1994; 1996)

CMEs as agents to releave the Sun from excess helicity

Magnetic fields emerge with a preferred sign 
in each hemisphere

So, Magnetic Helicity is 
accumulating in the corona

(Image credit: A. Pevtsov)

A “unified approach” for the initiation of flares-CMEs

• The role of free magnetic energy in the initiation of 
solar eruptions is well established (e.g. Neukirch 
2005)

• Role of magnetic helicity is debated BUT



Some old first results supporting the above narrative

In a statistical sense, the coronal helicity resulting from the absolute values of the linear force-free field 
parameter is higher in ARs that produce major eruptive flares than in those that produce major confined flares

Scatter plot of the preflare absolute values of coronal helicity, Hcor, (from 
alpha-best) as a function of the flare's peak X-ray flux for ARs producing 
CME-associated M/X-class flares. Middle: Same as the top panel, but for the 
ARs producing M/X-class flares that do not have associated CMEs. Bottom: 
Histograms of the values of Hcor appearing in the top and middle panels. The 
solid line is the histogram of Hcor of the ARs that give CME-associated flares, 
and the dashed line is the histogram of Hcor of the ARs that produce flares 
that do not have CMEs (Nindos & Andrews 2004)



Helicity and free energy thresholds for the production of eruptive events

-- Thresholds for both the Hm (0.9-2 x 1042 Mx2) and Efree/total (0.4-2 x 1032 erg) have been established. If these 
    thresholds are exceeded the host AR is likely to erupt (Tziotziou et al. 2012; Liokati et al. 2022)

Scatter plots of the accumulated Etotal vs. absolute H during 
the flux emergence  intervals of ARs (left panel) and during 
the intervals from emergence start times until the ARs cross 
W45 or produce their first CME, whichever occurs first (right 
panel). Red squares and black crosses correspond to 
eruptive and noneruptive ARs. The blue dashed lines define 
the thresholds for H and Etotal above which ARs show a high 
probability to erupt (Liokati et al. 2022)



Large eruptions may occur at times of helicity and free energy peaks

• ARs featured substantial budgets of Efree and of 
both positive and negative H

• The imbalance between the signed components 
of their helicity was as low as in the quiet Sun 
and their net helicity eventually changed sign 14-
19 h after their last major flare

• Despite this incoherence, the eruptions occurred 
at times of net helicity peaks that were co-
temporal with peaks in the Efree

• H and Efree losses related to the eruptions ranged 
from (1.3-20)x1042 Mx2 and (0.3-2)x1032 erg

Liokati et al. (2023)



Intensive helicity-related eruptivity proxies

Time evolution of the "helicity ratio", HJ/HV, for 10 ARs. Quantities for ARs
 productive of large eruptive and confined flares are shown in the left and right 
columns, respectively. The vertical bar marks the impulsive flare phase

Gupta et al. (2021)

• The total energy and helicity budgets of flare-productive ARs (extensive 
parameters) cover a broad range of magnitudes, with no obvious relation to 
the eruptive potential of the individual ARs

• The intensive eruptivity proxies, Ef/E and |HJ|/|HV|, and |HJ|/Φ2, however, are 
distinctly different for ARs that produce CME-associated large flares 
compared to those which produce confined flares

• For the majority of these ARs, Gupta et al. identified characteristic pre-flare 
magnitudes of the intensive quantities that are clearly associated with 
subsequent CME-productivity



Helicity budgets of jets from an emerging active region

Major jets from the AR
Nindos et al. (2024)

Small bipolar emerging AR that did not produce any 
CMEs or flares above C1.0, but it was the site of 60 
jet events during its flux-emergence phase.



• The H and Efree budgets of the AR were below 
established eruption-related thresholds

• Each of the time profiles of the H and Efree budgets 
showed discrete localized peaks, with 8 pairs of 
them occurring at times of jets

• These jets featured larger base areas and longer 
durations than the other jets of the AR.

• We estimated, for the first time, the H and Efree 

changes associated with these eight jets, which were 
in the ranges of 0.5-7.1 x 1040 Mx2 and 1.1-6.9 x 
1029 erg, respectively.

• Although these values are 1-2 orders of magnitude 
smaller than those usually associated with CMEs, 
the relevant percentage changes were significant and 
ranged from 13% to 76% for the normalized H and 
from 9% to 57% for the normalized Efree.



Nindos et al. (2003)





• Conserved nature of H: useful tool to study several phenomena

• CMEs as valves through which the Sun gets rid of excess helicity

• Helicity thresholds for the production of large eruptive events

• ARs may produce major eruptions even when, in addition to the accumulation of significant Efree, they accumulate 
large amounts of both LH and RH helicity without a strong dominance of one handedness over the other

• In most cases, these excess budgets appear as localized peaks, co-temporal with the flare peaks, in the time series of 
Efree and H



• Difficult to compute


