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SOLAR PHYSICS

A physics-based method that can predict o nent
large solar flares

Kanya Kusano'*, Tomoya lju?, Yumi Bamba', Satoshi Inoue’

Solar flares are highly energetic events in the Sun’s corona that affect Earth’s space weather. The
mechanism that drives the onset of solar flares is unknown, hampering efforts to forecast them, which
mostly rely on empirical methods. We present the k-scheme, a physics-based model to predict large
solar flares through a critical condition of magnetohydrodynamic instability, triggered by magnetic
reconnection. Analysis of the largest (X-class) flares from 2008 to 2019 (during solar cycle 24) shows
that the x-scheme predicts most imminent large solar flares, with a small number of exceptions for
confined flares. We conclude that magnetic twist flux density, close to a magnetic polarity inversion line
on the solar surface, determines when and where solar flares may occur and how large they can be.



Emissions and Effects by Solar Flares o4

Electromagnetic Earth’s X-ray causes an increase of electron density in

radiations ionosphere D-layer and short-wave fadeout.

High-energy Outer space, Protons and electrons captured in the Earth’s

particles Earth’s magnetosphere cause an increase of radiation
ionosphere in dose in the radiation belts and may damage
the high astronauts in space, aircrafts flying at high
latitudes and altitude and satellites. In high latitudes and
polar regions polar regions, precipitation of protons and

electrons into the atmosphere causes an
increase of electron density in D-layer and a
disturbance of HF radio communications.

Plasmas Earth’s Inflow of plasmas by the interaction with the
magnetosphere magnetosphere causes auroras, geomagnetic
storms and network disturbance by

ionospheric storm.

Adapted from Wikipedia
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Comparison of Exposure Doses per Hour

<€ 20.8~41.6 In the International Space Station

<€ 7.40 Aircraft (Tokyo < New York)

1 < 1.05 Kerala (India) =

.

€ 0.10 Top of Mt. Fuji || 0.11 Misasa Hot Spring

- & | 0.057~0.110 Gifu Prefecture

0.028~0.079 T
. | okyo | )

Sources: Prepared based on "Radiation Exposure Management," the website of the JAXA Space Station Kibo PR Center, 2013; "Japanese Internet System for
Calculation of Aviation Route Doses (JISCARD)," the website of the National Institute of Radiological Sciences; "Research on Ambient Gamma-ray
Dosesinthe Environment," the website of the NationalInstitute of Radiological Sciences; Furuno, p.25-33 of the 51st report of the Balneological
Laboratory, Okayama University, 1981; and Nuclear Regulation Authority Radiation Monitoring Information (range of previous average values at
monitoring posts)




Comparison of Exposure Doses G-6
(Simplified Chart)

Artificial radiation Natural radiation

Radiation exposurein
*mSv

daily life
Cancer treatment (doses _ from outer space from the ground
only totreatment areas) \ ﬁ E
Inhalation of radon, etc  Approx. 0.99 msv
Approx. 0.48 mSv from foods

Approx. 0.3 mSv

Cardiaccatheter (skin doses)

.............................................................................................................

Dose limits to workers handing nuclear energy or radiation
100 mSv/5S years —
50 mSv/y . -

Annual doses from the ground in
high natural radiation areas

Iran/Ramsar
. India/Kerala, Chennai

Tokyo to New York (round trip)
__(Increase in cosmic rays due to
high altitudes)

..................................................................................

Chest X-ray{_,,.-»--"’
Mass examination/

ICRP-recommended annual dose g

limit for the public from radiation "
sources under management

{except for madical exposure)

Dental imaging
Sources:
» The 2008 UNSCEAR (United Nations Scientific Committee onthe Effects of Atomic Radiaion) Report
= The 2007 ICRP (International Commission on Radiclogical Protection) Report
» The exposure guideline ofthe Japan Association of Radiological Technologists
- "Life Environmental Radiation (Calculation of the National Dose),” new edition mSv: millisieverts
Prepared by the National Institute of Radiological Sciencesbased onthe sources above (May 2013)



Penetrating Power of Radiation within the Body

Distance traveling
in the air

1to10cm

Several meters

(depending on the amount
of energy)

Several tens of

meters

(depending on the
amount of energy)

o-particles

Particles (Helium nucleus)
(One-trillionth of a centimeter)

e9

B-particles
Particles (electrons)

y-rays
X-rays

G-7

Upon collision with
the body

Several to several tens of
micro meters

Several
millimeters

Several centimeters -
(depending on the amount of energy)

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
https://www.env.go.jp/en/chemi/rhm/basic-info/



DNA->Cells>Human Body G-8
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Damage
(chemical change)

i

Repair enzyme DNA Human

| Body
Incomplete repair Repair failed Repair succeeded

o Mutation Cell death or cell No hazard
degeneration

Possibility of causing cancer

Possibility of causing acute
and hereditary effects

effects and fetal effects

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
https://www.env.go.jp/en/chemi/rhm/basic-info/



Radiosensitivity of Organs and Tissues 9

Active cell division  High sensitivity

Hematopoietic system: Bone marrow and lymphatic tissues
(spleen, thymus gland, lymph node)

.
Reproductive system: Testis and ovary
J
- Gastrointestinal system: Mucous membrane and small-intestinal
villus
Epidermis and eyes: Hair follicle, sweat gland, skin and lens
y N
Other: Lung, kidney, liver and thyroid gland
- v,
Support system: Blood vessel, muscle and bone
\ v
[Transmission system: nerve
w

No cell division Low sensitivity

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
https://www.env.go.jp/en/chemi/rhm/basic-info/



eterministic . G-1 O
Threshold Values for Various Effects

Threshold acute absorbed doses of y-rays

Disorders Organs/Tissues [Cel clly Threshold value (Gy)*
period
Temporary sterility Testis 3 to 9 weeks Approx. 0.1
N Testis 3 weeks Approx. 6
Permanent sterility
Ovary Within 1 week Approx. 3
Deterioration of |
hemopoietic capacity Bone marrow 3to 7 days Approx. 0.5
Skin rubor Skin (large area) 1 to 4 weeks 3to 6 or lower
Skin burn Skin (large area) 2 to 3 weeks 5to 10
Temporary hair loss Skin 2 to 3 weeks Approx. 4
- - | 20 years or
Cataract (failing vision) Eyes longer Approx. 0.5

* Threshold doses for symptoms with clear clinical abnormalities (doses causing effects on 1% of people)

Source: 2007 Recommendations of the International Commission on Radiological Protection (ICRP), and ICRP Report 118 (2012)



External Exposure and Skin o

Skin structure

Outside

Part highly sensitive  pparticle
the body

to radiation ey

a-particle

y-rays B-particles a-particle
Within Stratum
the body comesmi
Basal Epidermis
- cells
About
Affected part 0.2mm
Dermis
Subcutaneous
structure

‘ .

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
https://www.env.go.jp/en/chemi/rhm/basic-info/
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Structure of the Eyes and Lens

/Anterior Lens stem célls
= capsule K&
817 ] R e
Iris Retina | V& Mk
R
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Epithelial Posteriar
Cells capsule
A K
Cornea &8 S 4MES
KEE HF{* \_Cortex Lens stem cells
Lens Lens

Adapted from Hoshina Corporation website
https://www.hoshina.co.jp
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Equivalent Dose Limits to the Lens

Currently...

150 mSv/year
(Based on the ICRP 1990 Recommendations)

I Up to 7.5 times
From next April...

Annual Average of 20 mSyv for 5 years
(With no single year >50 mSv)
(ICRP Statement in 2011)
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Question 2

From next April, the equivalent dose limits
to the lens of the eye will be renewed to...

Annual average of OO mSv for 5 years
(With no single year >O QO mSv)



