Revisiting the relationship between full sun X-ray Irradiance and total magnetic flux
using Hinode/XRT and SDO/HMI
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Pevtsov et al.(2003) studied the relationship between total unsigned Lri [X-ray irradiance] Details can be found in Takeda et al. (2021). [Magnetic flux]
magnetic flux and X-ray spectral irradiance over 12 orders of magnitude, ; . . ¢ el disk f
from quiet region of the Sun through T Tauri stars, and found that power- (1) Derive temperature(Te) and emission measure(EM) from full disk X-ray flux  « 720 sec cadence HMI magnetogram
law (index = 1.15) could well express the relationship for the whole range. by the filter ratio method (Vaiana et al.1973) » Cut-off magnetic field strength < 75G
The solar portion of their study was based on the X-ray data from (2) Calculate isothermal coronal spectrum from the Te and EM » Use only pixels within 60 degree of disk center
Yohkoh/SXT and magnetic flux data from NSO/KP and they reported that (3) Integrate the spectrum over the wavelength range 2.8 — 36.6A * No correction of projection effect
the power-law index for the full disk integrated flux changes from the low
magnetic flux end (index ~2) to high end (index ~1), which forms a "knee" * CHIANTI ver. 10.0.0 _ _ _
in the plot of X-ray irradiance vs magnetic flux. ¥ * Abundance : Corona 1-day average (Both irradiance and magnetic flux)
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We used more recent data set, Hinode/XRT and SDO/HMI magnetograms, o h}[(z)tgneticlf(')lux, Mo . Ilziltgrf::)oarir;sth ZP,\IAXeesl?]:_nzlﬁlFe,:B} ;r(])(lja,g\lli?/ldgs(fl]iTi-lF;](-))ly
]E(J”S gﬁr']f C\;\;etacfan senliuiils = Crs SR Grlills A e R Fig.1  XRT Data in the Synoptic Composite Image Archive (takeda et al. 2016) Result:
From Pevtsov et al (2003) e Correction of open fraction of pre_f”ter (after 2012/05) Slngle power-IaW (indeX “'117) fits well (Fng)

* Correction of extra contaminant layer on filters (aftter 2010)
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~ Use more data sets and try various parameters N\ [3] Pixels outside of 1.01 solar radii 0 Total unsigned magnetic flux (HMI) ¢
eray irradiance] are excluded for X-ray flux calculation: - v.s. X-ray irradiance (XRT). The
- . : = ] _ " : " = 10%° | —
y NO Ma/or change, shifted downward t power-law fitted line is plotted green. ;
* CHIANTI ver. 10.0.0/9.0.1 S ]
* Abundance : Corona / Hybrid , -
*R=1.1,101 T AT 10%

1 1 R S| L 1 L1
Magnetic Flux (Mx) 1 021 1 OZE 1 025
Maagnetic Flux (Mx)

* More filter pairs: Thin-Be, C-poly,...
 All full disk observation including 4x4 binning data
* With or without some calibrations to check the impacts of them to

the results [4] Each set of XRT filter pairS: \e—r_ XRT Effective Area on i
_ Power law indices are sensitive to the selection of filter pairs
[Magnetic Flux] o Coob
 MDI Full disk 96min cadence magnetogl’am Included - .2.7.._|d0y f’—l\\velTGgeI o - - .2.7.._|d0y /_f.\vergg.e. o o |2|7H—|d<:1y /—'I\veljoglel . - |2|7H—|d<:1y /—’I\veljcjglel - < 10-1;_ E%ﬁ;ff
e Cut-off : 100G (It is too high. But lower cut-off caused a problem for L o Poer Law ndex (). Q7 L r o pover Law mdex = (), Q7 L o pover Law niex (0,74 I, power Law ndex (), 88 3 kg
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27-day average as in Pevtsov et al. (2013) 5| B : : W;% | : J:
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s | Fig.2 o A-mesh+Tipoly [ Al-mesh+Alpoly | .= A-mesh+thin-Be; .~ - Alpoly+thin-Be Fig.8
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3 _ _ _ _ _ From Narukage et al. (2011)
i Red plus: Both MDI and HMI Fig.7a Fig.7b Fig.7c Fig.7d
3 107 { Black Cross: HMI Al-mesh and Ti-poly Al-mesh and Al-poly Al-mesh and thin-Be Al-poly and thin-Be
I " " | .
L SN —— 5] Without some corrections: [6] Different cut-off values for magnetic field strength (HMI — XRT data only):

Power law Indices change drastically.
Small sign of different power-law index appears in the lower magnetic flux
end for the lower cut-off value

Magnetic Flux (Mx)

Minor change. The deviation from the fitted power-law line

The power law index is smaller than 1, which is not consistent gets smaller in the case of “no correction”.
with the results of Pevtsov et al. (2003) or “study-1" above.

Toriumi and Airapetian (2022) also reported power law indices

larger than 1 for any various coronal radiations. | E ; A doy fverage - erdoyfverage
o i S 1 L R 110 Power Law Index : 0.80 L R =110 Fower Law Index 1.11
Data points using MDI magnetogram tend to be lower than Fig.9a » Ll e ] ] e
HMI. It may be due to the filter pairs of XRT observation during No “extra contamination” correction E a g % f CI C&f‘ é
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- We compare the results of other parameters with this one. 3 U il : 3V £ ;
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[1] CHIANTI version, abundance model: No Major change Fig.9b )
No “pre-filter open fraction” correction i 27—day Average -
“1'0'22 : K= 110 Fower Law Index = 1.44
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[2] X-ray Irradiance of different energy range (5~60A):
Power law index gets smaller

Summary:
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