goootdbood

Ooon

Oo27010 130






010
1.1
1.2
1.3

1.4

1.5
1.6
1.7

020
2.1
2.2
2.3

030
3.1
3.2
3.3
3.4

ggobobooggooo

I
UOD0DD00O0O0O0 ...
I I 0
131 OO0 .o e
1.3.2 DOO0OD0 ..o
1.3.3 O0O0O0 .o
UODDOO0 .. s
141 DUOODUOOOOOT =00 .« v v ii it it
142 DOO0ODO0OOODOOODO0O ..o 0o oo
143 DUOODOODOOO .. e
144 DO0O0O0O0O .00
I O e e
000 7TOS[TO000000000000O0O0 ... ... . .. ... ...
UOO0O00OTO0O . s
1.71 DO TOODOODO oo

00000000000

O0O0000000 . o oot e e,
OO0O00 G« o v v oo e e e e e
GBOOOO o o oo,
231 OO o oo

oooooooood:1 QED

OODO
UODODOOO .. e
0
UODD00O0O00 .. s

0 O O N ==

11
12
13
14
16
17
18
20
20

23
23
24
26
27



040
4.1
4.2

050
5.1
5.2

060
6.1
6.2
6.3

070

oooooobobo:2 QFD
UODODOOO . s
UODODO0O0O .. e

gooobooogos3a oo
I I
I 0 P

oooooog
P
Constraints . . . . . . o

goobo

ERERE

1

31
31
31

33
33
33

35
35
38
38

39



10 oottt

oood

1. K.Ishikawa and Y.Tobita, Prog.Theor.Exp.Physics(2013),073B02(54pages)
“Finite-size corrections to Fermi’s golden rule I Decay rates”

2. K.Ishikawa and Y.Tobita, Annals of Physics 344(2014)118-178

“Matter-enhanced transition probability in quantum field theory”

3. K.Ishikawa, T.Tajima, and Y.Tobita, Prog.Theor. Exp.Physics(2015),013B02(33pages)
“Anomalous radiative transitions”

4. K.Ishikawa, T. Nozaki, M.Sentoku, Y.Tobita,(2014)

“Probing neutrino in muon decays at finite distance”

“Energy spectrum of the electron in muon decays at finite distance” (2015)
5.0thers

1.1 O0O00o0ogon

gobogoboboobobbooobboobbobbooobbooobbooobaon
gbobodgbbuoggbbuobbuogbbooobbuoobbooobboboobboo
gbobogobbooboodbbooubbooobuooobbuoooboboooboboo
gbogboboodgbbuooobbbuooobbuoobbooobbooobooboboo
gbobogobobodbbogobbooboboodboobbooobbooboboo
gbobogboboobboobbogobbuogbbbooobobuoogbbooboboo
gbobogobboooboooboboobbooobbobbuoooboobuooboobooo
gboogobobboboobuogbugbooboobobooborbobo"badoan
goboboogobobuoooobobobuoooobobboooobbbooooooobo

gbobobbogobbuooobboobboooboobbboobuooboogobn
gbobogoboobobbogobbuooobobooobbooobbboooobbuogoboo
gbbogobobdgbbuoooboogbboogbobuooobbuooobobooboboo
goboobboogbbogbbogobbuoobbooooobbooobooobobooo
gbbogboboobboobuooobbuoobobbooobbobbbooobbooboo



godddgbobooobobobbbddoddooooooooonoooooooonboonn
godddoooooobbbbooooooouoooooooboboo
goddoooobooobbbbootooooooouobobobobobbbooooon
godddooooobobbbtboooooooouoooooooboobon
s~ VA (2) =0 (1)
guddbbboooooooooobbbbbbooooooooobooboooobbo

000000000000000000000 V(x)OOOODDODDOOOOODODOOOOD
obooooooon

) —V?2
o0 _

zatw(a’) v
Od0d00OmUdUoooogn h:%D hDDDDDDDDDDDw(:U)DDDDDDxDD

gbboboooobbobouabboogobo
gooboogooood

+V(@)(a) (1.2)

in 2wt = HU() (1.3)
ot
00000000000000000Y(H 0 HOODODOOOOOoooooooooooo
goododooo oo oooooooooooouon
Oodooooooooooooooooooon
00000000 (1.2)000 (1.3) 0000000000000 00O0O000DOUobO
O000000000000000000(1.2) 0000000000000 0oooooOo
ooooo0ooO0oO0oO00OO00O0O0O0O00O0O00O0ODUOUODUOODOUODO(3)ODODODOODODOO
Oo0ooooooooooooooooooooooooooooooooooonooon
godoooooooouoodoouoodouooooouooooooooooog
ODo0doooodooooooooooooooooooooooooooooonooon
gbdddooooooodoodoodoodooooooouoooouoooood
ODo0dooooouooooooooooooooooooonooooooooonooon
gbdddoodoodooooodoodoodooouoouoooouonooooon
ooooooo

1.2 00000000

goboobobooobboobobooobbobboooboobboobobooobon
gbogbbuooboboogbugobobooobbooboooobbabboobooo
gobooobooobbuooobobobboobboooooobbuobbooboobobo



gboobodbuobodgbobobobuogboboobuooboboboboboobobon
godobbuogooobbobbogobbbooooobobbooooobobogao
gbobbbuooodgobbobooooobbbbuoooobobobbboooo0rbbodao
gobo "bbugbbugobbuogobbuogobbo»budgbboogrggooo
gbbodgbbogdgbbubbuogbobboobbuoobuoooboobbuoobboo
gbbuogobboobooobbuoboogbbuooobboooobooobooo
gbbugbobogbboobboobboobbboobbuoooboobooboboo
gbobbobodoogobobbbooogobobobouooobobboooooobooboon
gbbogdbbugbbuooouoobbuoooboodobooobbuoobboooboo
gbggboboobbuogoboogbboobobooobbuoobbobbooobooo
gbbbuogoobbbuoodgbobboooobbbuoooobboao

gbobogobbubugoboobboboooboooboobboooboobooobon
gbbogbobogbdbbuooobboobboodbbuoobobboobbooboo
gbobogboboogobbubbogobbuogoboobbuodgbboobbooboo
gbbuobudgbbuooobboodbbooobbbuoobbooobobuoooboboo
E(, v, 0000000000000 OO0O0OO0OO0O0O0O000O00O0OO0O0O0O0O0O0O00O00AO0
goo

hv = E; — E; (1.4)

gbbogooogbbuooobbuoobooobbuooobbooboobobuooooo
gbobbooboobooboobooboobobbobroooboobon

P=TT (1.5)
r— 27r/d65(Ea — Ep)|Fusl? (1.6)

oobdb Fppdbdboobogbodraoabooboobdboooboobooobodoboogn
O0000000000000000000 (1.)D0000Dooooooooooooooon
gboboboboobobuooboobobooooobobobooboboobobo
gbogbogbboodbbuooobboobbuoogbbuooboboobboobooo
0000000000000000000O0000000000D00O000OD (16000
gopobboobobbbuooooooooobbobbobodoooooooooboobooooooy
obooboooboor"ooboooboobbooobooboobboobb 2000
gb200000b0bo000bboooboboogoboboooo"oog"boogon
gooooobooobbooobbooboboobboobboobbooboobbobo
gbobogoboogobouogbboooobobooboooboooooobobooobo”
goobooooobobooooboon
gbobodgboboboogbbduoobboobbuoooboboobboboboogbn
gobogobooooboobobogobooboboobbooobooobboobobobo



gbbuoggobbbodgoboogbbbobbboobbuoobobbuooobbboo
gbobogbobogbboobobogobbuoobooboboboooobbuooobooboooo
gbobbobouogoobbbbuooodobobbbbuoooobbbbuoooobbon
gboboboggoboooood

gbodbbogubogbbobbobboboboobobuoobooboobbobn
0000000000 (15000000

P=IT+ P9 (1.7)

0000000000000 0000000000 P9000000000000O00OO0
gboogobboodbogoboobboobobooobbuooobboobbobobooo
gbobgbobbooobboogbbogbbuooobbuoobbboobobbuoanbobo
gbobogobogobbobbogboooobboobobooobbuoobobooboo
gbbuogobbodgbbuooobbuooboobobooobuooobobooboboo
goboboboggbbooobboooboooboboobboooboobboboboo
0D000000000000000000007T00000000000PY 000000
D000000PY00000O000DODO0O0000O0ONONONONONONONONOONODODOOOO
OO0 ro000000000PY00000000000000000000000000
0000000000000000000000000 PY9000000000000O0
gbbogboboobboobboobboobboobbuooboboobbooboboo
gbobogbobogoboboobbobbooboboobooobbuoobbooboobooo
gbbobbouooodgbobobodooooobbboooooobobbbouoooobbon
gboboboogobbbuoogooboboooon
rooogbgboooboboboobobooobobobooobobuoooboboboobon
ocobooboobobooobooobobooboobobooobobDboobooboobno r
0D0000000000000 00000000000000000000000 PYQ
obobooobobooobobgooboboooboboboobooborooboboooboonbg
D0000o0opPY0O0O0O0OD0OODOOOOOOODOOOOO
gbobogobboobbuogoboogbboogbbuoboobboobboogbn
gbogdgbboogbbdabbuooobboobbboobbuoooboobooboboo
gbobobbooggoobbbbooooobobobooooobbobbuoooooboboon
gbbodgbbouoogdgbbuodgbbuooobbobbobboooobbuoobuooboboo
gbobodgbobuogobbodgboogbboobobooobbobbuoobboooobooo
gbbogbobogbboobbboodobbuoobbooboobbboobboobboo
gbobbobooogoobobboooooobobboooooobobbooooooboobon
gbobbbuooogobbbbouooooobbboooooobbbbuooooobbon
gbobogoobboogbbuogobbuoooooobboogbbuooobbuogoboo
gbbbuoogoobbboodbbbuoooobbbuoobbboooan



PYO00D000000OO0OOOOODOOOOODOOOODODODDDOOOOOOOQ
obobboobooboon

A_p (1.8)
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000o0o0Q
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000Q
0000000000000 000000000000000000 7000000007
0000000000000 00000000000000000000000000o00Q
000000000000 00000000000000000000000000000
000000000000 oooPY0O0O0O00OO0000O0OOOOOOOOOOODOO
0000000000000 000000000000000000000000oO0oQ
0000000000000 000000000000000000000000ooooo
PYOOOOD0O0O0OOOOODOOOOOOPYDOOUOOOOOOOOODOOOO

L= E (1.9)

me mc?

0000000000000000000cOmO0EDOOODOOONOODOOOOOOOOQ
000000LAO0O00000000-Z00000000000000000000000
0L00000000000000000000000000000000 000000
0000000 oooPY0O0O00D0OO0OOOOOOOO0OOOOOOOOOOOOO
0000000000000 00000 LOOANOODOOODOOOOO0O0o00oooooon
PY OQ000000000O0O0OOOODOOOOOOOOOOUOOOOOOOOOOOO
000000000000 LO000000000000PY 000000000
0000000000000 oooPY 000000000 OO0OOOOOODOOOOO
00000000000000000PY0000000000O00PY 00000000
00000000 PY900000000000000OO00O0O0O0OO0O0OOO0OOOOOO
PYOOD000O00O0OO0OODODOOOOOOOOODOOOOOOODOOOOODOOOOOO
0000000 PY90000000000000000O0000O0O0OO0O0O0OO0OOOOO
000000000000000000000000000000000000
0000000000000 0000000000o00ooooooooooooon
0000000000000 0000000000000000000000000000
0000000000000 00000000000000000000ooooooong
00000000000000000000000000000000000000000
0000000000000 0000000000000000o00o0oooooooong
0000000000000 0000000000000000000000000000



0000000000000 00000000000000000000000000o0O
0000000000000 00000000000000o0ooUoooooooon
00000000000000000000000000000000000000000
0000000000000 000000000000000000000oo0oooon
00000000000000000000000000000000000000000
0000000000o0oooooooo

00000000000000000000000000000000000000000
0000000000000 000000000000o0o0ooooooooooooon
0000000000000 00000000000000000 7000000700
0000000 P900000000000000O0O0O0OO0OO0OO0O0OO0OOOOO
PYO00O00000DO0OO0OOOOOOOOOOOODOOOOOOOOOOOOOOOOGO
O00000ooo PY90poUoUOoPY0UIOUOUOOOOOOOOOOOOOOOOO
000000000o0O0oOooooooo

1.3 0O00oooobooboobon

gbbooodbbbuoooobbodoody

1.3.1 OO0

00000000000 ¢(ié=1,N)000O0OO0OO0OO0OO0ODOO ¢(=1,N)OOODOO
00000000 L(g;,¢) 000000000000 000O0O0O p;0O

)
04,

P (1.10)

Oooddog,p;00000000000000400

dq; Op;  0q; Op;
D S _ TPy 1.11
{q pj}(PB) l (a(ﬂ apl 8]91 8(]1) J ( )

gbooboboogon

[%Pj] = 4qiPj — Pj% = ih(sij (1-12>

gbuguoudgboobboooubboobodgbuoobobobbooobuogboonn
gobobooooboboboooobon

H=> mg — L, ¢) (1.13)
l

6



Og,p; 0000000000000 0000000000000000000000400
gobboooobbobuoooobobobooo

¢ = {ai, H}ppy, pi = {pi, H}(pB) (1.14)

gbbdbbboooobbbooodgbbbod

1 1
‘izi iaHa 227 iaH 115
q m[q ], p Zh[p ] (1.15)

gboboboooobbobuoooobbbuoooboboboooobon

0
zha‘l’(t,%) = H(pi,q;)V(t, ) (1.16)

gbbbuoogobbbuodobbbtbgUbbbuooubbbooogn

gbobogbobooodbogbbogobboobuooobooobbuoonobooobn
gbobodgbbubbugoboodbbuoobbooobbuoobbooobobboo
gouodgbogbboglibgobuogobuogbouodgboooboobbobobooao
gbbodgbbugoboodbbuoobbobbboooboobboobboobboo
gobboggbbuogbbodgbooooobboogbbuoooboobooobooo
gbboguobbogbobooobboobbuoobbooobboobbooboboo
gbobogoboobboogbbuogobboobooboooobbuooboboboboo
gbobobooggg

1.3.2 0O0O0O0O

0000000 HOODDODODOOOOOO0O0O
Hé = Eg (1.17)

oboooHFO0O000OO0O0DODbO0o0OObo0 PpOOODODOOO0ODLOOODDO
gbooboooobbooggboboogobbboooobobboo

Et
e o(q;) (1.18)
oddtd eO0O0OOO
E(t+a) Ea Et
e i ¢(q) =enenp(q;) (1.19)

gbdbobobooboboobobobuogbobobobobuobobobuobobobuoobobo
googbobgoboboboboboobooboobooboboobobobboobboon



Oo000000oooooooovE@UDUDODDODmOODOODO0DO0DODODOODOOOO

L:%%—V@ (1.20)
0000000000000 OO
P
i =ma;, H =p@;, —L=-—+V(Z 1.21
p; = mi pi om T (7) (1.21)

gbbogbboooboogbuogoboboboooobbuoobobooobboobooo
0000000000 bO00bOobObOobbOobOO0obOoO0obOoO0bOoO0DbOobObOoOn
gbobogbbuogoboboobbuooboobbooobbuoobboooboooboo
gbboodgbbuotobobobbooobboobbbooobboabbobboobboo
gbbogobogbboobboobboobbboobbobbbooobbaboboo
gbobboboooboobobgoboobobooboboobobobobobobobo
gbbogboogbboobobbooobuoobobboobbuoobbooboobooo
obobobobobooboobooboobbobboobuooboobboobbobDbo
gbooooog

1.3.3 0UO0O0OUO

goobodboboobboooboobboobbooobbooboboobbooobon
gbbodgbbugobooboogbbuoobbooobbuoobbuoooboboboo
goboboooobobooon

ooooooboobod HyOoobob ;00

H = Hy+ H, (1.22)

D000H,00000000000000000000000000 H,0O0O0OOO0OOO
H,000000

H0¢I(Qi) = E(l)¢l(Qi) (1-23>

ot q:) = e u(q:) (1.24)

gddddooooooooouoooooboboobbbbobbbbbibboooooooo
goboobobooobooobbogoboboobbobbooobooobbooboobobo
gbobogoboogbbogbobogbboobobbooobboobbooobbooobooo
00 E,0D00000000000D0O000000

8



0000 ¢(t,q,) COODODO0D0D0D0ODODOOOOO00O0O0D0ODODDOODOOOOOOOODO
000 4;0b0booo0oo0boobobooooobobobobooboooobobono
goo

0
(1) = (Hy -+ AH)() (1.25)
oogpoooopooooooogoooguoog

U(t) =D at)a(t) (1.26)

l

00000000000 ()0 0000000000000000000000OODOOO
gboboboogooboboooobbooodgn

hZ

000000000000000000000000000000 ¢f(t)DO0O0O0OOODO
goooboboboooodan

Oay,(t)
ot

(?al

£) + ay(t )gtw( 1)) = (Ho + \Hy) S ai(t) (1.27)

ih(

)+ amE, = > (Elai(t)d1m + Aai(t){¢h, (t) Hipu(t))) (1.28)

l

Z000000000000D00ANOOOODOO
alt) = > \"a(t) (1.29)
m=0

0000000 (1.28) 00000000000 AODOO0O00OO0O0 e (t)CODODOO

dal(t)
ot

ih( )+ a" B =3 (Enay (£)0n + ay = ()(65,(H) Hi (1)) (1.30)

0000000006 ' ()0 ) 00000000000000a(t) 00 aX(t)000
al()00 a?()0000 «2(t) 00 ¢}(1)00000000000000000
m=0000

z’h(gaéft)) a(t)E® = Ea0(t) (1.31)
00
a)(t)=a) =00 (1.32)



m=1000000

. 8@}(15) 170 _ 70,1 0 %
g ) tar = EYa;(t) + Y (an(t)(¢)(t) Hipi(1))) (1.33)
l
0o
. aall(t) 100 _ 0 m m—1 *
=, ") +a By = D (Enan ()0 + ay = ({5 (t) Hign(t))) (1.34)
0000000000
]_ t
oht) = 55 3 [ da O Hion(e) (1.35)
1 t ! —iwt! *
= zh;/o dt'e™"" a) (¢ Hin)
E - E,
YT
000000000000
t 1 —iwt’ L o —iwt
IMJ):Acﬁe = — (1) (1.36)

O000000+000000000000 w0000000(w;)00000 t0 w=00
goboboodidbt=ccdbnboooobbboooobobod

21 (w). (1.37)
0oo
A2 bt —iw(t' —t'")
I(w; )| _.]ﬁ jﬁ e (1.38)
4 sin?
_ w ~ 2t ()
w

00000000 +000000¢t000000000D00OC0 I(w;t)0D0000O00OODOO
oboobod

Doobooobobooyobobo FObDboO0b0 g 0obobooobobbobogon
O0000t=00¢,(t)000000000¢t0O00 ¢¢t)0D0000000O0O0O0ODOODODOO
gbooboooon

|ai(t) ] (1.39)

10



000000F = (¢ H¢) 000 Taylar 00 F(w) =Y,Ce! 0000000 Ap00

Ea+AE
P = [[(w; t)T)*F(Es — E,) (1.40)
Ea—AE
AL?
= 27TTC(){1 + ;CI/COQWT(Z—D}

OO0b0D0Ag0D00OO00O0O0O0ODOODO0ODOODOOObOODODODODbObDOO

oooof

gbobogbobogobbuogobooobobbogobbuooobbooboboogbon
gbobodgbbubbugoboodbbuoobbooobbobbuodobboobboo
OO00O0O0AQO0ODO9 ,BOOODO ¢, 000000000D000000 2,0 z,000000
gobooo

= + by (1.41)

gbbogboboobbogbboogobbooobbobbuooobbooboobooo
gbobb,adibboOgn

| 24| (1.42)
00O00bOOOOODO
|2 (1.43)

goobooooboboooobobboooobboboooobbbooooooboobo

1.4 0O00OO0O0OO

gbobobobogobboogbbuoobbuoobobobooobbobboogobn
gbogoboboboobobgoboobobooobobobbooboboobobo
gbbuogobbboogboobobboobooobbuooobbuooobbuogonoo
gbobooobobobobooboboobobobbobooboboobobobo
gbobuobobboogbbogobbooobboobboobobboobooobobbooo
gooodbbogobbooobooobbuoobbuooobooobbooobboobo
gboboboooobbooooobon

gobogobobuooobuooobboobbooobobooobboobboobo
gbbogbbooobbubbuogbouooobboobooooboobboobooo
goobooooboboooobobboooobboboooobbbooooooboobo

11



141 00000000O0T =00

000000000000000000000000000U(¢)boooooooO H
goo

U(t) = et (1.44)
000000000000000000000000000000000 H, 0000000
U(t) = e~ 1" (1.45)

OOob0O0booboboobttd —coOOOOobOOoOoOooOooOOoDbObLO HeoOODOD
W,y OOODOOOO0000O0

Ut)Y)1s—00 = U () [in) (1.46)

O0000t¢t0 +0c00000000000000O0O0O0OO H,OODODDO Wee OODDOO
gobobodo

U)|1) 1100 = U(8)[Your) (1.47)
D00000000000000000
Qr = limy=U (1)U (1) (1.48)

gbbbuoogobbbooodgbbbooaooboo

|77Z)> = limtﬁ—mU(t)TUO(t)|¢in> = Q+|77Z)m> (149>
oooooodno
[90) = Limy oo U ()10 (8) [thout) = Q- [Your) (1.50)
ooooooooooooooooooooogoan
Q_[Yout) = Qi [Yin) (1.51)
O00000O0000o000oO0b00o0o0o0ooo0 sao
|¢out> = Sld}zn) (152)
S=0q, (1.53)

0oo0oO0O0oosooboooonoooooaon
S = limy oo U)TURUT#)UO () (1.54)

gooo

12



1.4.2 0O0O0O0OO0OOO0OOOOO0OO0OOO

000000 oooo
HOL =Q. H°

gbobobuoogoobbobobbooogbobbagn

. . . ) 170
ezHTQi — elHT lim ethe iHYt

t—Foo

. . 0
= lim ezH(Tth)6 tH%t

= lime

— QieiHOT

bbb 0000000

0 0

or or
Odgpooodpoodr=0000000000b00O

(iH)"Qp = Q4 (iHp)"

O000Orn=1000

HQy = Q. H°
D00D000000000oooooon

QL H = HQ,
Oooooooo

Q) HQ. = H°
O0O0000O0O0O000SO00000onononoonono

SH* =0t Q, H°
= Q' HO,

= H'Q' O,

= H°S

O0000SO0000000o0oO H°ODO
S, H] =0

13

iH (T+t) efiHO(t+T) eiHOT

(7)n€iHTQ:‘: — (7)”Qi6iHOT

(1.55)

(1.56)

(1.57)

(1.58)

(1.59)

(1.60)

(1.61)

(1.62)

(1.63)



00000000000000000000 AF°00000000000000000
H'OOOOOoOoOooOooooooooooooooooo

H i) = EQltbin) (1.64)

gbobboogobbbuoooobbboooooobooo

HC [You) = Egtbou), [$out) = Eoltbin), (1.65)
gooon
OoO0éspO00D0D00O0O0O0O0DOOOODOOODOODODOO
vin) = [ CE)wE) (1.66)
gboboboogobobooon
wid) = [ CE)SIVE) (L67)
gbooooog

gbboboooooobooooboon

gboboogoboood

2

s -
mﬁx(t) = —VU(Z) (1.68)

0000000000 Z)Ooooooooooo

m, d_, 5 -
E = g(ﬁx(zﬁ)) + U(Z) (1.69)

goboboooobobboooboboooobbbuooobobobooooboo

1.4.3 U0O0OO0OOOOO

000000000000000000 Q00000000000

[S,Q] =0 (1.70)
0oooo

Qlin) = qlin) (1.71)

14



gooooog
Q|out) = qlout) (1.72)

gooo
ooooboooooo QO HyOO 7, 00000

[Hy, Q] =0 (1.73)
[HhQ] =0

gobobooogoon
01
ODO0oooo0oooVvV(r)booooo L;00

[Lj’HO] =
[Lj’ Hl] =

(1.74)

0000000000000000000000000000000000000000

L=I1(1+1),L,=m,000000000000000000L=I(+1),L,=m, 0000
00 2
000000000000000000 PRO0000OOO0 PO0H, 000000000
00000000000000000000000

[Py, Hy] = 0 (1.75)

0
[Pj,V(r)]:—zha—mjV(T)%O
Jdo0dodooooooooooogoogbooboogoono
oo 3
Jdo0doooooooogoooooooooooooooooogono ﬁ:ﬁ1+ﬁ2D
OO0ogooooooogoog HOoO

) )

b1 b5 - -
H=—+——= — 1.
2m1 + 2m2 + V(l’l £C2) ( 76)
gooooogoooon
[P, V() — %)) = —m<i _ 9 W (T — ) =0 (1.77)
VI 1 2)] — aj,‘]l 81}% 1 2) — .

0D00000000000000000
) = W(R)p()e'Frtert (1.78)

15



000000000000 00000000000000000000000000000
0 PO0OOOOOOODOOO

— —

U(R) = Pl (1.79)

gbobobodo

144 0O0O0OO0OOOO

gbbodgbogobboobboodobbuooboooobboobbooobbabb
gbobogboboggbbuodgbbooobogbbuoobuooobbooobooboboo
gbbogbbogbboobboodobbuoobbbodobuoobooobbodaboo
gbobogboboogbboobbogobbuogobboobobboogbboobooo
gbbubboodgbugobbodgbbboodgbooobbobbuoobboooboboo
gbobogoboogbdbbogobbooboboodgbbooobbobbooboboo
gbodbuoggbuodbooobogbouadgbuooboobbooboobooboonon
gbbobooooboboooobbooogn

gbbodbogobbooboobobbooobbooobboobbooooodabn
gbobobbogbboobbuooggbboobbboobbuoooboobbooobo
gbobbbooooobbbbbooodobobbbbuooobbbbooooobbon
gbobogboboudgbbuooobbuoobuooooogbbuooobbobboobooo
gboobuoobooboobbobbobbooboobuoobooboboobbobbo
gbobogbbouogobbuodgbbooobbgbbuobbuoobobuodgbboobooo
obobboobooboon

gbbogbogobboogbbuooobbuobbooobbobbobooboobn
gboboboobobobuoobobobooobooboboboobobooobo
gbgobobooboobuodgboobobobobobobboboobuogboooboon
gboboboobobooboboboobobooboboobobbobobobo
gbboboooobbbuooobbbuoooobboooobbboooon

gobgbobobobooboooobobobobobooooboboboboobob
gbobogbbuogbuogoboogbbuoobboobooobbodobboobooboo
oboobooboboobbooobuooboobbooboobboobbobobooo
gbbogbbuogobooboogbbuoobbooobbuooboobbooboobooo
goboboooobobobooon

gbobodgbbuooobboobogbbuooobooobbuooobooobbabn
googbooboobobbobooboobbobboobboobooobuooboono
gbobubboggbogbbuoogbboobuooobboobuooobboobooo
goooo

16



gbbuoboboobbuoodgbbobbbodobboobbuooobbuoobboobn

gobooo

1.5 UO0U0O0O0U0dd T — oo

oogd

T—-ooOOODOSOODOODOODOO

S=1+R
(fIRli) = 0"(Py — P)(fIM]i)

obooboboobvoboroooooboobooboobooboo

(SR
VT

'y = limyroeo

noobogooboboooboobooon

(1Rli) = (2m) 47| MJi) [ dtweFrroe

oboooooooovoboob roooooog

(|R|i)yr = (2m)*(f| M]i) /VT JipeiPr—Poz

gbooboogoooboood

1

limV,T_mﬁ| - d*pe’Pr=Pr2 — (27)45(P; — P)

goobodgd

, LoT2 0w -
lzmTHooT]/T/2 d*xe'™| :lzmT%ooT[ E/2

gbboobbouoodobbobooodb

gooo

Ty = (2m) 10" (P — P)I(fIM[0)[?

17

1 sin(ET/2)

]? = 276(E)

(1.80)

(1.81)

(1.82)

(1.83)

(1.84)

(1.85)

(1.86)



gbooooao

000000000000 O Bethe-Salpeter) 000000

iy = eAla) 25 = Y0 (1.87)
oo0ond
Wi ()2 = G D7 (F)[2dQ (1.88)
n'n T 2rm2e3 T .
Do (F) = / i, S e*iV dr (1.89)
o0o0n
1
Wt = ﬁ(En — Ey) = ck =210,y (1.90)

o ~ 1070 00000k< 1000000 "'00kr~000000000000

— —

Dnn/(lg) = Dnn’ = /u;, Z Vzundr
Z (1.91)

ggd
ﬁnn’ = m’l_)'nn/ = m(—z’)wmxf'n/n (1.92)

gooo

2

W(QE) = — w3 (67 um)2d0 (1.93)

2rhed ™

gboobooooboobooon

1.6 00OO0TOSMooOo0ooOoOooOoooooo

gbogobooboboboboboobooobobbobbobbobooboobbobn
S-000000000bO00bO00oboooOoooO0booobDoooOobOoOOoTOoDO0DOO
gbbodgbbugobboodgbbuabboobbooobbuoobbobbooboobooo
OO00O0bO0o0o0O0o0O0obOobobOoobooooOoSoboooooooooo

ooobooooboboboboobobooroobobooooboooobooon
gooboboobboroogooooooobbbboooooooobobobbo TOoOo

18



000 TOO00O000000000000000000000000000000000
00000000000 000000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000000000000000000 TOOO0O000000000
000000000000 00000000000000000000000000000
00000000000000000TOO0000000000000000000000
00000000000000000000000000000000000000000
0000000000 0000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000000000000000000007T00000000000
oooooooo

000 TOO,000000 I(w;T)00000000000000000000000w™2
00000 w#0000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000

0000000000000 000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000mO00000000000
00000000000000 2 000000000000 V(x0000000000
000000000 V(@) 0O0000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 [(w,T)0Dw+#000000000000000000000
000000000000o0o0
00000000000000000000000000000000000000000
00000000000 H,00O00000000000000000000 k00000
000 p=hrk00000000 VPP +m2A00000000000000000000
0000000000 F/,000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000

19



gbbogboboodbbugoobbuoobbuoodobbuoobobboobbooobo
gboboboggoboooood
DoobdobobobooboboboboobobobuoboooboobobooTrogn
ooobooob TobhobooobobooooboboThobDoobobobooobog
00000000ooo (1. ooooToODODOO0DOO0OIMToo000o0o0ooooooooo
00 PY)000000O0O0O0O0OOOOO0O0O0OOOOOOOOOOOOOOOOOOOO
gbobbobooogobbbbbooooobbboooooobbbbooooobbon
gboboboogobbbuoooobobooooboobogb

1.7 UO0OdooorTron

00000000000 PY9000000000000D0DOOOO00000000000
obooboboobobobooooouooboboboboobobuooboobobobg
gbobbooboobooboobooboobobboboobob

1.71 00O TOOOOO

000 TOOOOOOOOOODOOOOOOoOoooOOoOOoOoOoOoOoUODOoOoOoOoDoOooOO
HOOO

U(t) = et (1.94)
ooooboodoooooboooooobooboooooooooog Hpooooooo
U(t) = e 1% (1.95)

000000000000 ¢0 -7/2000000000000000000 H,O0OOO
0w O00000000O

U)i—1/2 = U°(t)|thin) (1.96)

0000 t0+47/2000000000000000000 H,OOOOO |[Y.) DOOOO
goobogd

U(E)|) etz = U () [thout) (1.97)

D00000000000000000
Qs = limy_272U)TU°(2) (1.98)

20



gbbbuoogobbboooobbbuooooboo
() = limes 12U () U () [in) = Qi) (1.99)
gbooooogn
() = limeyzsU () U () [our) = Q- [Pout) (1.100)
gboboboooobbbooogbbobooooboo
Q_|Yout) = Qs [thin) (1.101)

Ooooboobooobooooboobobooo son

[Yout) = S|tin) (1.102)
S=0q, (1.103)

0000000SO0000000000000
ST = limy—rja.p——7U ) U@UT (U () (1.104)

gooo
OOooOO0obOoooOosoooboboboooboobooboboobooobooo

[Ho, S[T]] = (1.105)
0000000000000 H, 00000
Holoy) = Ej|a;);i (1.106)
000000000000
(B} — Eg){alS[T]lay) = {aildS]ay) (1.107)

gbogdgbbuogdboogobboobbod Eé—Eg%ODDDDDDDDDDDDD
gbobobouoogon

21






20 0ODoUdudodddtdtdn

0000000000000 0000000000 PY900000000000000O0O
OPYODDDD0D0D0D000ODONONOONOOOOOOOOOOODODODOODDDDOOOOO
gbodbbuogobooobbogobbobbooboooobbuooboboboboo
gboggbboodgbbuooobbuoobbobuoobbooobuooobobooboboo
OOooob0obooo0oooooboobobooooooobobosSOooboooDooobobo

2.1 O0OO0O0OOoOOooOoo

godddoooouoooooooobbbbbbbiboddoooouooooobobooon
gboboboooggbbbbbooooobobobbbuooobobbboooooobon
goobooobogobobooobbobboobobboooboobboobboooobobo
gbobogbboobbuogoboogbbuoobbobbooobbodgbboooooo
gbobogoboobbooobbooobooobboobobobbooobboonbobooo
gbbogbooogbogbbuooggbbobbuooobboobuooobbooboboo
gobogobogoooobbogbooobboobboooobbuooboboooobo
gbobodgbbuogobogbbogobbobbobbuoobobooobboobboo
gooo

OoboooobooobooboooboobosboobboooobooobooooooooDo
OOobOo0ooOobOooboooOosbOboboooOobooooooDoboooobooboOoo
gbobodgbbugboboodgboobboobbooboboobbuoobbooboboo
gbobogobuogobbooboboobbuooboobboobbooobbouooboboo
gbbogbboogdbbuogbbuooobbuooboboobboobuoobbobboo
gbobodgbobuogoboboodobbuooobobobbooobbuoobbuooooooobooo
gbboboobboodgbbuogobobooobbuoobboooobbabbooboboo
OooooToOOooooooooo Tooooobobobobobobobooboooboog
gbbugoboobboodobbuoobooobobbooobboboboooboboo
oboobobooboooboobooboobobobooboobooboobo TOoOoDOOoDO
gbbogboboboodbooboboogbbuoobboobboobboobbooboboo
gbobodgboooobooobbogboooobboobuooobooobboonoobooo

23



gboogdbbuobbuooobboobbuooobboobobobbooobbuoobboo
gboogdgbboggbbogobogbbooobboobbuoobboobuoobooo
gbboodgbbugoboodbbuobbobbbooobbuoobbuooobbooobo
gbobodgbbuogougoooogbbooboboobuogobbuoobboooobooo
gbbodgbbugoboobboogbbuoobbooobbuoobbooobobboo
gbouogbogbouogboobboboboobbobboboboobuoobooboonon
gbbbuoogbobboooobbooodan

oooboboboboobooob robobbooboobobobobooooobon
O0000000000000000 (QuantumElectrodynamics(QED)) 000000000
OOoo00o0o0o0oO0oooooooobo0obooboobEDODOODODODODODODOD
gbobodgbbuogdbbuodgboobbooobbuoobboooboobbuooboo
gbobgboboogbbuogoboboogbboobbooobbobboobbooobobooo
oooborooobooboobobbobooo

2.2 0J0O0O0OO ¢

gbooboboooobbboooobbodao

[a?;; +m3p(z) =0 (2.1)

guooboboboooodad
1
L= [ d% 5 (0,0(x)) ~ mPo(2)?) (2.2
goobbbobooooooooooooobbbbbboooooogooooon

¢(x) = P pat = powy — PT (2.3)
po = E(p) = /P> +m?

gboboboooobbobuoooobbboooobobboobbbooobobobod

[p(z0, Z), (Yo, ¥)16(z0 — yo) = ihid(Z — ¥)0(z0 — yo) (2.4)

p(x) = m[/ = ¢(x)

[a(p,t), (', )] = 0, [a(B,t), a’ (', t)]6(t — ') = 6(5 — §)d(t — 1) (2.5)



gbobuoogobood

HEN

Pa(pt) + e Pl (5.1)) (2.7)

d3p
¢(1’)=/73(6
\(2m)2E(p)
gbddooodooodooodooodoouooooonoo
10), a(p)[0) =0 (2.8)
ODo0dooodooooooonoi1iooooo2000o0o00dgoon
al (1)[0), a' (p1)a’ (71)0), - - - (2.9)

goboobobooobbooobbogboboobbooboobobbooobbooboobobo
gbobobooboogoooobbobooooboboooobobbod
gooboooobbboooobbboooooboboooobooon

mgtm(t)) — Ho|W(t) (2.10)
Hy= [ @l (o) + (Vo) + m*o(a)?) (211)
— [ @pE@)(a Pa@) +1/2

gbbobuoogobbbouoobbbbooodobbbuoooobbboobuooon

Hy|0) = Epl0) (2.12)
Hoa'(71)]0) = (Eo + E(p1))a' (51)]0), (2.13)
Hoa' (7)a’(71)10) = (Eo + E(p1) + E(p2))a (51)a’ (71)]0) (2.14)

gbobobuoooobbbouooobobobboooobobuoooobobobooooboo

By = 5 [ dpE@) (2.15)

oooobooboooboooboobobooboooboobbooboE0boobobo
gboooboobooboobuoobooboobuoobuoobuooboub Ep0oDbd
goobodoobogobboobooooboobooobbobboobboobboooobooo
gobbuogobbodgbbuoobobuooobbuoooboobbuooobooobooo
ooooboob Rpobboobooboobooboobooboobooboobo

25



0000000000 E(p)O0DOD0N0D E(m)+E@p,)000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000

2.3 0000

gboboggbbuoggbbobbuoobbooobobobbuooobuooobbooobn
gbboodgbbuoooboodobbdbboobbbooobboobbooobobboo
gbobogbbuogobooboogbboobboobuooobboobboooooo
000000000000000000000000000¢(z)*000000000000
gboogbudbogbogbogboobuogbogbaobooboobobbobon
gbbboooobbbuoooobbbuoooobbod

gbooboodbbooobboobbogbobooobooobooobboobboobn
gboooboboobobgbooboboboboobobobuobbo0vy0obobd
OOooo0 wOoOobOOoOOobOOoOoOoOoobOoOoooOoobbOoobDoobDboobboOooo
gobooboboboooooboobobooooooboboboboooboobobo
gbouogbogbobbobbooobuoobooboobbooobooboobboonn
gbobobooboboobooboboobobooboboooboooobobo
gbobogbboogdgbbuogbbuoooboobogboooboogbboobooo
gbooboboboboooboobobooboboboobboooboboobobo
gbuoggbbugobbuoobuoobobboooboobobbobobbooonoo
gbooboboboobobuobooboboboobobooobobobboobobo
H,jogoogoobbooooboboobooobooboooboobboboboobbon
oboobuoobooboobooboobboobooboobboobooboobbo
gbbogbuooooooboboobbuooobbooboooobbuooboobooo
goboooobogobbobbogboooobboobbooobbuoooboobobo
gbobogobooobbuoogbogbbooobbooboboobuooobbuogobooo
googooboogbboobuooobooobboooboobbooobboooobobo
gbboboboggbboobobbooobbuooobboobuoooboobbogooo
gooodobbuoobbooobooobbuoobbooobobbuooboboooboobo

26



gbbodgbbugoboodbbuoobobooobbobbuoobbooobobboo
gbobogobogobbuogobooobbuooobboooobbobboobooo
gbbodgbbouogdbbuogbbooobbobbuoooboobbuoobboodobo
gbobogoboggooobbogobobogbboboooobbuoonobobboo
gbbodgbbuoggoogbbugbobbogbbuooobboobbuoobuoobboo
gbobuogobbuogooogbbuogbbuogobbuoobooobobobooobooo
gbbodgbuoogboodbbuoobbooobboobooobbodobbooboboo
gbouogbogobogobuoobboobobbooobbooboboobuogboonon
gbbodbbugboboobbodgbbuooobboobbuobbuoobbooboboo
gbobogbuoggboodgbbugobodbboboboboobbooobboobooo
gbbubboogbodgbbuoogbbobbuooboobbuooobbooboboo
gboodbbuogoboogbbuobbuooobbodbuoobobooobboobobooo
gbbobubbuoooobbbuooobobbbooobbboooobbbooon
gboobodgbbooobboobbuoooooobooobobobbuoooboogbn
gbbodgbbuboboodgbbuogbobbobboobobobbooobboobboo
000007 00000000000000000000 P9 000000000000
000000000000000000 (0000000000000 0oU00DoooooOO
000000000 PY 0000000000000 O000000O0O0OODDODOOOO
gbbuboboodgbbuoobbodgbboobbuooboooobbuooobbuaboboo
gbobobooggbboboooobobboooobobbuoooobobbooooobooad

23.1 0OU

googuobbbdoooubuooobbibdooououo oo oooooaon
m; >2m, 00000 m 000000000000 M¢200000000000000
Oobobooobobobooobooooboobooboooooboobboobo A ADOD
gbooboobbuogbboooboobuoooboooboboobbuoobboooboo
gbbbuooobobbboooobbbuooobbboood

L=Lo+1L (2.16)
Lo = (2.17)
Ly = A1 () o () (2.18)

gooo

27



0000PTEP 2013,073B02,P 22-26

A—B+C (2.19)
M = (2.20)
P =TT+ P9 (2.21)

28



030 O0Uooooodt:1 QED

gbobogobboodbbuoggooobbuooobbuoooboboobboogbn
000000000 y(x) 0000 A,(x)0000000OO0O0DOOOODDOOO

L= Lo+ Ly, (3.1)

Ly = () () — m)(e) = {Fu F

Ly = +ejt(x)Au()

gbobobooooboboooobboooon

(@) = Bl (a) (32)
Jooooooooooooooooboooooo L,0oooooooooooooon
dooobooooooooboooobobooooooboonooooooboooooon
Jooooooooooooooooooooooooooooonooooon

QED0000O0O0DDODODODOO0000O0ODDDODOOO00000oDDOODLDO000OOn
Jodooodoooooooboouoooonoboooognoooooooooogo
gog
3.1 000
3.2 000000
3.3 0000000

34 UOOOOOOO

29






040 O00O00O00OO000:2 QFD

4.1 O0OOOOO

gbobogubbobboogbbooobbooobboooobbooboboobn
gbobobouoogon

4.2 0OO0OOOO

00000000000 A/200000000000000000000CODODDOOOO
ggooboboobobooboboboboooobobobobobobuobbobo
gbobogboboobbogbuogoboobbuoobooobbuooobboboboo
obooboo

DDDDpDDDDDDDDDDDDDDDDDDDDDDDA:%DDDDDDDDDD
gobogobboobboobboooboboobboobbbooooboboobbo
gbboboooobboooobbbuooobobboood

goo

gboboboooobbbooogbbobuoooobbbuooobbbooogn

gooboooobbboooon

gbboboooobbbuooobbobuoooobboouoon

DDDDDDDDA:%DDDDpDDDDD

DDDDDDDDD;%DDDDp:WMDDDDDDD

DDDDDDDDDDDDDgﬁ%DDDDDEDDDDDDDDDDDDDDD

gbobogobbuogbooobbuooboobbooboobobbobboogbn
gboboboooobbbooobboboogobbobuoooooboon

31






sl U3t

5.1 UOUOOOOOOOOOOON
5.2 UUOO0OOOOOOODOOO

33






el UOUOUOOOO

0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0D00000000000000000000 GeVO MeVODO, 000 meVODOOOODO
00000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000MA00
00000000000000000000000000000000000000000
0000000000000000000000000000+v000000000000
O00000000FE= X< _ p— M nooppoo0000oooooono

\/1=(v/c)?’ w/lf_()v/c)Q
00000 U0dUdUodggugugugdguoga E2—P2:(Mc2)2DDDDDDDDDDDDDDDD

gbbodbbuooboboogbbobbuooobbodobboooobbuoobooboboo
gbobogoboooboggbbogbboogbbuooobooobboobobooobo
0000000000 PY90000000000000O0O0OO0OOOOOOO000000O0
gbobogbuoooooobooobobuooobbooboooobbuooboboboboo
gbboodgbbuoobobodbbuoobuoobbooobbuoobbobboobboo
gbobogobogdgbbuogoobbuoobobooobobobboogbboobobooo
gbbogdbbugbbuooouoobbuoooboodbooobbuoobboooboo
gbobboooobbboogobbobuoooobbbuoobobobooooboo

6.1 UUO0Ogoooon

goobodobooboooobboobobooobbooobooobbbooobbooobon
gbbogboboodobbuoobooobbobbooobbuoobbooobooobooo
gobooobooobbooooooobbooboobbooobbuooboobobobo
gbobobuooodgobbobboooooobbbmoobobbodoooobobodao
gobobooogooboood

35



0000 (0OO0D000O0)
K. Ishikawa, Nucl.Phys. B107, 238,253 (1975);Prog. Theor. Phys. 58, 1283 (1977).

0000000000000 0000000000O0O00000OD 400000 0o
OO0z, 0000000000000000000000000000000000000
0000000000000 (r,d)Y000000000000000000000O0O00O0

z, = a,(7) + b, (7)o" (6.1)

bzbrﬂz_éﬁr’
oobbooobbooboobbe,0bobbOoboboobbOoon bgDDDDDDD

bﬁbxﬂ:g,\)\/ (62)
Jooobbooooooo

o = —bya" (6.3)

ooof

oboboobogon a”(T)DDDDDDDDDDDDDbLDDDDDDDDDDDDD
oobboooobbooobboobbbooobbUoobboooobobooobbOoooDny,
Ooe00O0O0D0O0—0;i=1,600

b%,(0;) = (1,0,0,0)U (61,02, - - -, 05) (6.4)
bL(6;) = (0,1,0,0)U (61,05, - - -, b5)
b%(6;) = (0,0,1,0)U (61,63, - - -, b5)
b3(0;) = (0,0,0,1)U (64,05, -, 05)
DDDDDDDDDDDDDDDDDDDDDDU(01,92,---,06)DDDDDDDDD
U(61’ 92’ . 706) — eioleyeiengz ei93L1y6i94L02 ei95Lzz eiGGLzy 6 5
(6.6)
Ly, L4z, 1L, 00
0O 0 00
1
zny 0 0 0
0O -1 0 0
0O 0 00

36



0 0 00

iL.. 0 0 0 1

0 0 00

0 -1 0 O

00 01

iLo. = 00 0O

00 0O

1 000

0000000 AR/000000

S = elour O = Vs W) /4 (6.7)
Srot(01) = cos 1 /2 +io3sinf/2 (6.8)

SLor(eél) = cosh 04/2 — 003 sinh 04/2

(5 )
gij =

0 O

P 0 (%

0k — o 0

00000000000000000000000000 ¢(r,0"), A¢(r,0,),4(r,0,) 000

000000 ¢(x), Au(r),¥(z) O ay, b}, O

¢(x) = é(r,0) (6.9)
Au(w) = b Ag(r, 0v)

U(@)e = Secth (7, 0v)¢
STy, = bV (6.10)

gooooooooooooooooboo
Sz/dmode (Au(2), ¥(2), -, dlz), ) (6.11)
/dd L’<A5< 7). d(r,))

37



gooo

8(1‘0,f) B
a@a)_ (6.12)
8x0¢( T) = jdﬂ
0Ai(x) 0A(w) D - 0 Vi
8ZEO al’z N Dt " 8 ﬁbrbUAg
000
ho = b (@ + bf'oy), (6.13)
hT = (" + o),
D 139 hroo
Dr  hoor zr:ﬁ(‘?ar
000000000000000000000
dg(z)" op(x)* A
_ 4 *\ 02 Lk - 3
S—/dﬂ«a% eAud")( %L+w&¢) m?6*o(x) - So(2)']  (6.14)

= /dTL(aweiaam‘gi(b(T’ 0i))

me@@maaram:i/ﬁww'D&“”)—wﬁﬁﬂ«Dé””)+w4@»m1m

Dt Dt
S e gy D iedd) )

(¢(7,0))’]

| >

gbobbuoooobbbuoobbboooobbobuoooobbogao

6.2 Constraints

gbobogbouogobboobboooboobbuoooboobboonoboogbn
gbbbuooobobbboooobbbdan

6.3 UUOO

gboobobuoooobbbuoooobbbooooooboood

(P117u(0)|p2) = (6.16)

38



070 OO0

39






HRERERE

[1] H. Lehman, K. Symanzik, and W. Zimmermann, Il Nuovo Cimento (1955-1965). 1, 205
(1955).

2] F. Low, Phys. Rev. 97, 1392 (1955).

[3] M. L. Goldberger and Kenneth M. Watson, Collision Theory (John Wiley & Sons, Inc.
New York, 1965).

[4] R. G. Newton, Scattering Theory of Waves and Particles (Springer-Verlag, New York,
1982).

[5] J. R. Taylor, Scattering Theory: The Quantum Theory of non-relativistic Collisions
(Dover Publications, New York, 2006).

[6] K. Ishikawa and T. Shimomura, Prog. Theor. Phys. 114, 1201 (2005) [hep-ph/0508303].

[7] K. Ishikawa and Y. Tobita. Prog. Theor. Phys. 122, 1111 (2009) [arXiv:0906.3938][quant-
ph]J.

[8] K. Ishikawa and Y. Tobita, AIP Conf. proc. 1016, 329(2008); arXiv:0801.3124 [hep-ph].
[9] K. Ishikawa and Y. Tobita, arXiv:1106.4968[hep-ph)].

[10] A. Asahara, K. Ishikawa, T. Shimomura, and T. Yabuki, Prog. Theor. Phys. 113, 385
(2005) [hep-ph/0406141]; T. Yabuki and K. Ishikawa. Prog. Theor. Phys. 108, 347 (2002).

[11] P. A. M. Dirac. Pro. R. Soc. Lond. A 114, 243 (1927).

[12] L. I. Schiff. Quantum Mechanics (McGRAW-Hill Book COMPANY Inc. New York,
1955).

[13] N. N. Bogoliubov and D. V. Shirkov. Introduction to the Theory of Quantized
Fields (John Wiley & Sons, Inc. New York, 1976).

[14] K. Ishikawa, Nucl.Phys. B107, 238,253 (1975);Prog. Theor. Phys. 58, 1283 (1977).

41



