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1. Corona condition
1. magnetic field B= 0.01 — 0.0005T

2. high temperature plasma K= 10°K
3. low density n.= 10'*/m?
4.long mean free path Iye,(e) = 10°m
5.strong neutrino wind of I, (v) &~ 10*°m
E, ~ MeV, f=10"/MeVcem?s
1-1 Quantum Field theory in the corona:

1 Pure quantum effects
Transition Probability ;P
P=\Gamma T+P*{(d)}
2. 1/B expansion (strong magnetic field)
3. Electroweak Hall effects ( Chern-Simons form)
Neutrino radiative transition



2. Electroweak Hall effect (=a2—K1) /ic—ILEH )

L= Lo+ CLe(@)yp(1 — 75)e(@)Pe (@) (L — v )ve(@) + eju (AL, + AP),

V2
Lo = vi(x) (P vu(1 = v5) — m4)vi(w) + €(x) (p"yu — ’me)e(f’f)//i uw EMY

Integrate over the electrons, SNERFIE
Electroweak Chern-Simons term

1 - - -
Lint = z/<4>2—60“5%4@3[#17 +O(F23) 0, B,y = (0,1,2)

s

(&) — 27T7;n6 . filling factor Topological invariant (stable)
e
~ G
A, = eAy(x) + T;Ja(x), Jo () = Ue(x)Va (1 — v5)ve(x)



Transition for overlapping waves (T)

v; — v+ v;(neutrino transition(burning))

(4)
znt—wx?pvr———@mmJﬂpﬁp

P=1T,+ P

[y : Fermi's golden rule : particle — like

3-1.
— —negligible due to Landau — Yang's theorem
P . correction : wave — like (our work)

Large 8

32. P9 has been 1gnored in most places

but determine the transitions

Kyoto U 2015,



3-2. E1$ E{]f;ﬁ-l—ﬁii Neutrino transition

Amplitude of the event that v is detected

or interacts with at ()?7, T,)

(1) [S[T], Hol # 0
(2) kinetic energy non — conservation,

(3) Fermi's golden rule has a correction

j Overlaping waves in large area have finite interaction energy
7 >>> Kinetic energy =total —interaction is not constant
>>> T-dependent probability

T . .
\ & Wave's characteristic features

”7 :in space — time dependece

:are probed with wave packets

Kyoto U 2015, 9
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)3
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WeGp ., R
Ny = 8T L=cT
2 =8 =) g b=
T .
3 sin(wyt) 1 — cos(w~T)
T)= [ dt 1o — i
g(wy, T) /0 t w~y T
m2
Wy = ==, causality : 5m > m?

2F.,’ 7
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m~ : photon's ef fective mass

KEHBDm {\gamma}

1.In vacuum : m,, = 0 (gauge invariance)
2.In matter :

2—-1:loww) n=1+¢€

(2—2:highw) n=1-

Ew | ":!Ew
6

2 ir T T T T T T T T T T T T T T ]
2_ D 2 2 i ™y —— ]
E(p) = 5=r +2,; [

2n.e2
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FIG. 4. Effective mass m,, = he, /%ﬁ N.-plot
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Figure 7: R dependence of the transferred energy to the corona MeV /em?s| is
compared with the energy necessary to heat the corona at R = L1R,. Temper-
ature rising steeply at around R = 1.01R, is also shown. (a) is for the inverted
mass hierarchy and supplies the sufficinet energy, but (b) for the normal mass
hieralchy does not supply the sufficient energy.
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Figure 6: R dependence of the transferred energy to the corona [MeV /em?s]

compared with the energy necessary to heat the corona at R = 1.1R,. Temper-
ature rising steeply at around R = 1.01R, is also shown. (a) is for the inverted
mass hierarchy and supplies the sufficinet energy, but (b) for the normal mass

hieralchy does not supply the sufficient energy.
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Figure 5. R dependence of the transferred energy to the corona [MeV/em?s| is
compared with the energy necessary to heat the corona at R = 1.1R,. Temper-
ature rising steeply at around R = 1.01R, is also shown. (a) is for the inverted
mass hierarchy and supplies the sufficinet energy. but (b) for the normal mass
hieralchy does not supply the sufficient energy.

PA{d} vs distance R
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Figure 3: R dependence of the transferred energy to the corona [MeV /em?s| is
compared with the energy necessary to heat the corona at R = 1.1R,. Temper-
ature rising steeply at around R = 1.01R, is also shown. (a) is for the inverted
mass hierarchy and supplies the sufficinet energy, but (b) for the normal mass
hieralchy does not supply the sufficient energy.
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Normal mass hierarchy

Energy loss [Me\h’cmzs]

(b) Normal Hierarchy
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Figure 1: R dependence of the transferred energy to the corona [MeV/cm?s| is
compared with the energy necessary to heat the corona at R = 1.1FR,. Temper-
ature rising steeply at around R = 1.01R; is also shown. (a) is for the inverted
mass hierarchy and supplies the sufficinet energy, but (b) for the normal mass

hieralchy does not supply the sufficient energy.
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Inverted mass hierarchy

(a) Inverted Hierarchy
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BE vs B Y

Heat transfer (1)
d z
— K(p. T) ST (2) + Ey(2,T) = / 47 \(p. T)
2
1 kT
k(p,T) = = koT?/?
O Ru Me
EV = O',YZCO = T4Zéo (2)

Solution, right — handstde :: smooth function

T(2) = (= — 20)?, -T() = p(z — 20~ (1)

— kop(z — 20)®/2PTP=1) 1 2Chz(2 — 20)* = smooth function

5/2p+p—1=4p, p= -2

1 N
T(z) = EEEAE % double pole (1) #iEarse
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4. HhIkFE B =
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BEDIES: 5x10M-5T
. Filling factor: O(1-10)
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Liu et al., [2005] By SE ik

Electron Density from CHAMP for Kp=0..2
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TR DIREL
1. KBBIOF DR (HBAR)

fobs(E> — fstandard(l — 5f(E>)
0f(E)|E=10mev = 0.03
Of(E)|p=smev < 0.001

2. WEkEBREB DR
2-1. —Za—k)/[FBRETRHL, (O, BimlEBRETREGS)
2-2. 759 AHIE = Dhigh-sun/low-suntt
f( high-sun)-f(low-sun)/f(high-sun)+f(low-sun)=0.03x 0.2=0.006(0.6 %)

fhigh—sun(E> — / o d@df(E, 9))
mid day

flow—sun(E) :/+ d@&f(E,e))

E ~10MeV



6. SN 1987A neutrino interaction with Galaxy

1
P:1+(R%)2 (1)
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Other examples of p)
(1). Positron annihilation
2). Nuclear reactions

(2).
(3). Chemical reactions
(4). Others(Many)

(1) et annihilation  carbon hydride(chemical reaction)

Experiment: Enhancement for e™ annihilation ;7. i1/ %

(2) Nuclear reactions

He® + He* — Be™ + v( primodial nucleosynthesis, sun, others) (HU Nuclear data — center)

Many other phenomena )

(3) Absorption Coef ficients of molecule .

Enviorement problem

Kyoto U 2015, 27



P(@) causes reactions extended to macroscopic areas:

1-1 quantum vs classical
length L vs action S

T T T T T
» 1

T T
Classical
el I mechanics

SR
g
s

0.01 Quantum particle |-
Quantum (neyharea)
mechanics

0.0001 R

1 1 1 s . L
te- 6 1ela fe12 1e10 Te(s fe-05 0.0001 o0 1 100

L [m)

1-2 electron mass and Bohr radius

m. = 0.5MeV/c?

B Amegh? B 9 e —10; el
ag = e reax = = 0.5 x 10 A\I(BohlAlﬁiéw area Of

quantum

Kyoto U 2015, 28



Energie (MeV)

50

40

W
o

S

10

I I Ll

Kamiokande I
IMB
Baksan

N_

Temps relatif (secondes)

Kyoto U 2015,

14

29



