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§ 1 Introduction

Soft Gamma Repeater (SGR) , Anomalous Xray pulsar (AXP)
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= Magnetar 105G in surface 10'7"°G inside
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Observation of y-ray — Study od Magnetar Structure




y-ray Radiation

Synchrotron Radiation
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Proton is accelerate t

radio waves l--'

up to 1GeV~1TeV o<

charged particle (protoa or electron)
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= Synchtotron Radiation
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All Theories are Semi-Classical
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Many Assumption and Approxs.
Mom.-Dist. cannot be calculated

n
[+5]

n
[¢2]

Quantum Calulations.
=  Exact Imformation

o
&

[&]
. o
= III[I\III\IIIII[I\IIIW\'II]
mlll‘l\llll\llll‘l\ ILJ\“-llll




§ 2 Formulation in Relativistic Quantum Approach *

Magnetic Field :

Dirac Equation

Scale Transformation : My = my/vVeB, P, =p/vVeB, X; = VeBu;.
Def: Ur = kveB/2my = k/2My.

2
E, =\/PZ2 (ot 1-s+ M2 —sx B/M, )




Decay Width of ptop +p ¢

nN interaction £ = inﬁwfywﬂaw@“d)a PV coupling
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§3 Results of n’ Production
E =1GeV, B=5x10"G Decay Width of p to 7°
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Transition Strengths between two Landau Levels
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Very Large AMM Effects

p — p+x’ Energy Momentum Conservation is not satisfied

in the free kinematics

Mag. Fld.+-AMM  Tensor Type Mean-Field

s = —1 (repulsive), s=+1 (attractive)

Level Interval of Transition n,— n;

s;= —1 = s,=+1 Smaller Intervals

= Enhances Transition Strength

s; =+1 — s, =—1 Larger Intervals

= Reduces Transition StrengthV

Small Shifts », —n, make Large change of Transition Strength




§4 Realistic System

Pion Production Dominant Energy Region Eimbaiim my = 0.01-1

B=10% G Landau Number : n, = 10'2 — 10!3

Actual calculations are almost 1impossible

Problem : HO overlap integral

) T .., ni—ns Q2. .2‘
M(ni,ng) = / dx fr, (;‘1.‘ — %) fns (1 - %) — \/% (%) e _ILLZ; " (_7)

It is possible to make a Lorentz Transportation along z-direction

['(n;, P;,) \/E2 “I'(n;, P, = 0)
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Semi-Classical Theory = pé




Contribution at Fixed Final Landau Number

incl AMM

(@) x=0.02 (c) z=0.07
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Scaling Law Function of y, (n;,— n,)/n,
Prediction Results n, < 10* = Results n, = 10'2-13 (B ~ 1015G)
Huge Effects of AMM remain even in B ~ 10'°G




Small y

Larger n, — Scaling

Total Decay Width
Scaling Relation

(All Semi-Classial Theoryies Show)

3 Variables B, n, n;
= 2 Variables

x=eBEe,/m’, (n,—n,)/n,
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Peak position




Adiabatic Limit Relat.lve Momentum b.etween
Final Proton and Pion
1S Zero,

Same Velocity




Angular Distrbution at p,, =0
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Lorentz Trans.
along z-direction

Adiabatic Limit




Angular Distribution
of Pion Luminocity

when n,>> 1,
qr// !l p;

Same Polar Angle
Width 1s very small

n; = 100000




Proton Decay Width n,>>1

=0,
(1;#5) in (nl,nf)5( ef—qo)5(qz)

l Lorentz Transformation
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Scaling  Results with n, n; ~ 10* = Results with 10

Semi-Classical Approximation assume n, — n; << n,

7 has mass This Assumpyion is wrong




Total Decay Width

— with AMM
—-=— w.0. AMM

Semi-Classical
A.Tokushita and T. Kajino,
Apl. 525, L117 (99).




Luminocity-Distribution of Emitted Photons

Average over
Initial
Proton Angle
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Total Decay Width

I'(n, B, =0) <n,

— with AMM
—-=— w.0. AMM

Semi-Classical
A.Tokushita and T. Kajino,
ApJ. 525, L117 (99).
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§S Summary

e w0 emission from Proton Transition between two Landau Levels
n,n, ~10°> = B~1017 G
AMM effect —1—+1 Dccay widths become 50 — 100 times larger

e Scaling Law, predicted by the Semi-Classical theory
3 Variables B, n, n; = 2 Variables y = eBEe,/m\>, (n.— n,)/n;
B~10"7G = B~101°G (Magnetar)
Results with n, n; ~ 104 = Results with 1012

e Angular Dist 0,= 0, =0,

® Pion Energies are distributed in Broad Region

" . .
”,- _ \/;f> x ”i S Semi-Classical Approx.
m, +m_ n. — n; <<n,




The Results come from HO overlap Integral

M(n1,ns) = / dify, ( B ﬁ) I ( Q—T) = (2m)W(ni,n1)3(Q-)

It is a function of @ and very rapidly change when n; ; >> 1

1
W(n;, ny) (Function of y)
T;

Generally F('n,i, Rz — 0) = W(n,ﬁ, 'N.f) X F(}),; — Pf,: — Q: — 0)

—  Other Particle Productions

—  Magnetic Structure inside Magnetars




HO Overlap Integral
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In PS-coupling
[(n, n;) does not
satisfy
Scaling Relation

— PS with AMM
— =— PS w.0. AMM
— PV with AMM
- = PV w.0. AMM

E. (GeV)




