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Ivan Ulehla et al., Optical model of the atomic nucleus (1964, Academic)
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20k + 1)p 2k + 1)p
iz d, 2% D
fot1 = arfe —begr,  Gr+1 = argr + bifr, fo=1, go=0

DL D S fi, g KD, Th 5% X

Gy = fcosf —gsinf, F,=gcosf+ fsinb, f:ka, g:ng
k k

WCED Gy, Fp 8k% %, 727201

0 =p—mnlog(2p) + oy —ml/2

2.3 EEERTFIVIvIE—OY - RFUI¥IL
AV 1/2 ORTOBERE R E 2 2, KT OE#E

1 71 Zoe? k2
(—mvz—l—%(r)—i-Vs(r)E-a—i-l:e) W(r)=Ey(r), E= o (2.10)
TidhENns 35, (0) OfE o %
6 =3 A ™ 3, 0,0)
ljm
bl N W ,
d {e+1 2k
(617‘2 + kQ — ( 7’2 ) — Ugj(’f’) — ’/’n> ’Ltfj(’l’) =0
772 L
777LZ1Z262 L ] o f, ]:€+1/2
=TS0 Uy =am(Vol) + AgVan)) . Ay —{ s, i

r— o0 T, uy 37 —0 Y R7 YL LA CARE R ERERZ N E DR, 5% 213T
ThHE2H56

_ L , 1 .
wg; — Ué )(T) o 6210262152ju§+) (r) = €'t [Fe + 5 (6226“ _ 1) (Gy+1iFy) (2.11)

ThHod, LIehoT

1 _ ) .
b LS g () — D) 3

Lim
1 - + 1 io 004 +
== ZAéjm (U§ )—ug )) Vijm + . ZAij (1 — e*ee? o) ug )ygjm
Lim Lim
1 _
= - ZAéjm (ué ) _ u§+)) yﬁjm
" Lim
eikrfinlog(Zkr) o ) o
t— D i Ay (1= €270€2%5) Yy (2.12)

Lim
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—77, BELREOEIBIRIX r — oo TRMKRZ —m > « BT ¥ v LT O AR & BELBIC
RBIETTHEH0H

esz—zn log 2kr

2
n ikz+inlog k(r—z)
e NNy () —
v [( 2ikrsin2(9/2)> ¢ 1) r )

ERED, ) BAFHR TR IREE, f(0) 12 2%x2 DITHITH %, (E8) &b, ZOMHLHIE

> ethr—inlog 2kr

P = ﬁ 2(26 + 1) (u1§+) - ulg_)) Py(cos ) |x) + ——f(0) |x)
=0

r

Y #EIF B, Picost) ) ¥ FO)[x) & Vejm ZFVT

1
COSQ ‘X Zaéjm y@]m; (9) |X> = ﬂ fo]m y@jm

lim
CREETE205

eikrfin log 2kr

Z (20+1)4 (uf) — ufv,_)) ejm Vejm + 57k

> foim Vejm  (2.13)

(Z12), (Z13) 23 23 &

241 4.,
55 Hagim

fojm = 2ki™ (e+1) Agjm (ezi”@e%‘;“ — 1) =(20+1) (e%”‘e%‘s@j - 1) ojm

Aﬁjm =

185, ZhE f(0) DREBFRICRATE L

DI = 5% S0+ 1) [(€7 1) + X (29— 1)] g Vi

Lim
B1IEED jm 220 TORNE Py(cosh) |x) TR 205
1 )
f0)[x) = 5k Z 20+ 1) ( Zioy _ 1) Py(cos ) |x) + T Z(% + 1)e?iee Tej avjm Yejm
Lim
1 )
= fe(0) Ix) + A Z(% + 1)e*7 Ty; agjm Vejm
lim

L7 B, L [ k2 — 0 VEE O IR, T, 1

Ty = l (6216(1 — 1) = "% gin Orj
21
THd, HEHEAET
(+1+4¢0 {—L-o
Qr="931 » =1 HTE-=
BERDE
Q+yéjm—{ 0, j:f—l/Q Q—yéjm— ygjm, j:£_1/2

THBH3H01H

Q:EPE(COSQ |X Zalj Zil/meZJ ={+1/2m
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L/fCZﬁOVC, Ty = TEj:é:I:l/2 Btk

f(0) = f.(6) + % 2(26 +1)e?o¢ (TZ+Q+ + Tg_Q_)Pg(cos 0)

J4

1
= f.(0) + %XZ: e [(€+ DT + LT + (Tpy — To- )KU} Py(cosb)

rIAT
l=— i—&-in—
f5in 6 Op 00
=R
_ . _ kiXk:f
n = (—sing, cosp, 0) = ek
ng = (—cosfcosp, —cosfsiny, sinf)
TH5056
L-0Py(cos ) = fin-aw = —in-oP}(cosh), P}(z)=—+1—2a2 b
do ' dx
&5, Thnb
f(0) =A0)+B(l)n-o (2.14)
ZZT
A6 12 “”( (€ +1)Tyy + 0Ty )Pg(cosé)) (2.15)
k ¢
2i0 1
E%: Z(T@r —Tg,)Pe (cos ) (2.16)

BAERICESGE, TET D2 - r=r, r=ry I8 2 BUEM %

ugg (1) = ui(r1), - uei(2) = wej(r)

r¥ s () b

wy (1) Fe)+ Ty (Gg(l) v iFg(l))
e (2) Fo(2) + Ty, <G4(2) + iFg(Q))
THdH0NH

T[ _ qu(l) Fg(?) —qu(Q) Fg(l)
’ uej (1) Ge(2) — ug;(2) Ge(1) + i(%’(l) Fy(2) —ue;(2) Fe(l))

2.4 Rk

FHD BEEORTRIEICH 2 DT <, RIE |a) 10K RS w, OBEEEL S, 205
&, EHEOWF BT B F oML

=Y walalFla)
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ThH5, ZRR{|D)) BEZLL

Z}%E:Mbbww W“-E:CZWJW®WW>@WW>

bb’ bb’ a

YEREDL, TITEEHEET 0 &
p=3 wala)a

TERT DL

(F) =Y _{V'lplb) (BIF|V) = Tx(pF)
bb’

EY~

Tr(p) = Z blp|b) = ZZU}Q bla){alb) = Zwa ala) = Zwa =1
b «

A VIREOWT T VB Y I EITS, AEY 12058 pid 2 x 21751k 2005

p=a+bo
rRED, 005 = (52']' +i€ijkak7 TI‘(O') =0TH5»25
Tr(p) =2a=1, Tr(po;) = 2b;

L7DioT
1+ P-o
=—
%, PIZAYY o DY U H Y TV EEERTRMEARZ bLTH 5,
AR FDEICH D 1 DDA VIR |x) KH 247 % > T
do
an

THEME, BE7 VH IOV TIE

P ="Tr(po)

= (xIfTflx)

;% = Zwi<Xi|fo\Xi> = Tr(pin f1f)

&%, I2ZL

_1+Pyo
szb(z Xz = 2

FIASTREDHEEITHITH D, Py 0&*]\%7{%?@%@’\7 FLEERT,
A-oB-oc=A-B+ioc-(AxB)

ZES ¢

do * *
o= iﬂ(u+nwaxA443naﬂA+Bnﬂg

= |A]? 4+ |B|® + 2Re(AB*) P,,-n

AELR D 2 &V IRBEIZHIFHIREE [x) ISR LT f(0)|x) K205, BREREDSEE

HEATH pe 1
pr = sz 0)Ixi) (x| F(O) = fpin fT

&, o WA

(2.17)

Wi, #ELR O
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Bkt B ETNE
pr = fpme
Tr(/)info)

L7325, BELRDR~NZ PL Pl

Tr(fpinflo)
Tr(pinfo)

TH3. kHADAY Y% op =k-o LFHUE, 02 =1 THIH 5

P;=Tr(pto) =

Tr(fpinffa'k’) = %TI‘ ((A + Bgn)(]- + Pan)(A* + B*U7L)Uk)

1
= iTr(QRe(A*B) onop+ |APPy-oop + A*Bo,Py-o oy,

+ AB* Py -0 0,01+ |Bl*0, Py-oo, O’k)

ZZT
Tr(a-ob-oco)="Tr ((a-b—i— z'a'-(axb)) c-a) = 2i(axb)-c
Tr(a-ocb-ocodo) :Tr((a-b+ia'-(a><b)> (c-d+io-~(c><d)))
=2a-be-d—2(axb)-(exd)
=2a-bc-d—2a-cb-d+2a-db-c
2S5 &
Tr(fpinflo-k) = 2Re(A*B)n-k + (|A|*> — |B]*) P -k + 2Im(AB*)(nx Py,)-k
+2|B*n-P,n-k
DFED

Tr(fpmf' o) =2 (Re(A*B) + |B*(n-Py)) n+ (|A]” — |B]*) Py + 2Im(AB*) nx P, (2.18)

AGTRLF DRI 27 b v Py, 28 ASH 2 TN TW 358

-Pin'n:0

THHP5H

do | 9 2

d—Q—|A| + |B| (2.19)

2Re(A*B)n + (|A]? — |B|*) Py, + 2Im(AB*) nx Py,
|Al" + | B
== 2AB*
—=P(0)+iQ(0
eBLlt
|A =B

Pi=PO)n+Q0)nxPy,+ 1" _p,
() (0) A7 T B8P

P % polarization, Q@ % spin rotation £\ 9,



2 RFOHMHE L RE 31

2.5 ED%HR
AGHHFOBEREE m, R—7 v FETFROBES M £33, AR TOEIES p, 2 L

B = \/m? + p}
8L, ERERTOAHK T, X—7 v MEFZO 4 TLEER p, PF I
p"=(Ein,po), P'=(M,0)
HLDRTOASN T, Z—7 v FERTZOEEE pr | PLE
pffmZ(\/m?—Wm) , Phy= (\/m,—p)

pia=m? P?=P2 =M?> CTHhHu—LYYEHINLTAETH %, [ (p+ P)? =
Pem + Pem)? & D p-P = pem-Powy £72505

EinM = \/(m? + p?)(M? + p?) + p°

L7=DioT
M2 (E? . m2)

n

2
_ Po
m2+ M2+ 2ME,, 1+m2/M?+2E;,/M

Ipo| < m DB, HED By % m TEMT 3 &

p’ =

|p| |po]

1
T 1+m/M

LD, JEHNGERORE R HER T %,

2.6 Dirac HIEZ{

Dirac F

(—m.v + B (m + Us(r)) + Uo(r) ) b(r) = By(r)
BEZD, APTAY ) = B L2 T 2Py, THREHEETS, Bl F I
WNErABERE LT

(—0'~VD_10~V tm+ U+ Uy — E) F(r)=0
7272 L

D(r)=m+ E + Us(r) — Up(r)

2183, 2T, o l32x2D7 VITHITH 3,

F(r) = mf = F(r) = \/1 + LQL_ Golr) gy

LEMT DL

1 o - E?—m?
<— %V + Vo(’r‘) + Vvso('l“) Uf) = om r (221)
7272 L , ,
E._ UX-UZ 1 14D
Vo(r) = US+EUO+ 2m Vb, Veolr) = 2mr D dr
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W =5 102 \ar ) D 2 ar

1 |31 /ab\®> 1dD 1 d&?D
rD dr 2D dr?

BE— 4 YIEHE XN S,
7—a Y RO ANB5HER, Us(r) & Up(r) + Veou(r) TEZH#Z 5, r — oo T

Z1Zoe?
choul(r)_> 122¢
r
TH5056
n=EZli2€2, k2 = E% — m2
eBlt
E212262 1 Qk"f]
vy = _ - =

ERBEDH, () iEr o000 D E

(V2+k2—2’”’)ﬁ—0
T

al T v H—HERD n 0EBERCEEND m F FE TEZHIIUIT IV,
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3 BFIHELLEFRZOERTMH
e D. R. Yennie et al., Phys. Rev. 95 (1954) 500
e T. A. Griffy et al., Phys. Rev. 128 (1962) 833
e H. Feshbach, Theoretical Nuclear Physics — Nuclear Reactions — , 684
o TURY, VT Ty HNGRNETHF 1, 152
o Ev b ~wvtq, HEZEOMEH L II, 297
4FAE ) =%
M 14 -1/
K j=0—1/2
r) = r k=4 (j+1/2)={ " J
v G G+1/2) —(L+1), j=0+1)2
- X—k
bl W R
dg K f &
- —fg—&-(E—km—V(r))f, E—ff—<E—m—V(r))g (3.1)
TH 5,
3.1 J—0OYHEE
r—oo D& X p of
g _ 4 _ _
Do @im)f,  L=—(E-m)y
TH3H05H ) )
@ R, ﬂ - _ 2 — 2 _ 2
2= k*g, = k“f, k=vVE?—m
Lo T, g fEedblZ et 2hd, —7,
Za
Vi(r)= -
DGE, r— 0 Tk
d K Za d K Za
o fgp g, Torp 2,
r r r dr r r
EBRMB, g=Cyr®, f=Cyr* &3 2L
(a+r)Cy=ZaCy, (a—k)Cr=—-ZaC,
N g LY )
a==+-, v = VK2 —Z2a2
YL s
g=C,e P27 (G1+Ga), f=Cre P ?p"(G1—Ga), p=—2ikr (3.2)

v By, @) ik

dG;  dGq
((i;)+cl/)> + (v + k) (G1+ G2)

1 E 1 E
—2(1— +mC¢f>pG1—(1+ +mC(f>pG2—Zag(f(G1—G2):0

ik C, 2 ik C, :
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L7=23-T
ik CJE—m
ERAR . .
d 1 d 2 . Zok -
(dp"r‘Cll)>+(’Y+H)(G1+G2)—pG2—ZE+m(Gl—Gg)—O
FREIC LT
dG dG . Zak
p(dpld:>+(’yn)(G1G2)+szzEf (G1+G2) =0
DM, ZxE e iuX
d
pdipl—i—(w—iz/)Gl—k(n—iu)GQ:O (3.4)
dG
pT;+(7+iV—p)G2+(H+iu)G1:O (3.5)
772 L
_ ZoFE _ Zam
v = k ) ,LL— k
BIORE p T L, dGs/dp 18 2 RERAT B b
d?>G dG4 . B
P 02 +(1+27—p)d—p—(7—w)G1—0 (3.6)
FIfRIZ LT ,
d*G dG
2L (1427y—p) 2 —(14+7—iv)Gy =0 (3.7)

e dp
B3 A A&y 7K

d? d
(Zdz2 +(b— z)% - a) w(z)=0
TH 3, FHTERIZRMARZ
w = M(a,b, z)

ERIT R
w=2""M1+4a—b2—-b,2)

R TIERIZ iR
Gl(p):CIM(’y_Zyvl—’_Z-)/vp)? GQ(p):CQM(1+7_ZV71+2’Y7p)
sz B3a) AL
z%M(a,b,z) = a(M(a—l— 1,b,2) — M (a, b,z))
2S5 & :
YW,

Cy=— .
K — i

1

|-y +iv|=|k—iu| THZ25H .
-2 _ Y W

€ -
K — 1
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EBE, M(a,b,z) =e*M((b—a,b,—2) 2> ¥
Ga(p) = CLe P M (v +iv, 14+ 2y, —p)
Y45, (B2)IC Gy, Gy ZXAT B L

9

: } =Ce PPpY (M(y—iv, 1+2v, p) T e > P M(y +iv, 1 +2v, —p))

=2Ce™"p? { Hm

e PP M (y —iv, 1+ 2y, p)
Re

@3) 2 EET 5L, FATERLRBE (p=—2iz)

gr = Cy (22)Y Tm DM (v — iv, 1 4 2v, —2ix) (3.8)
k .
fr=gFrm Cr (22)Y Re DM (v — iv, 1 + 2, —2ix) (3.9)

FERTIERI TRV
Gi(p) =Crp P M(—y—iv,1=27,p), Ga(p)=Cop ' M(1—~y—iv,1-2v,p)

oz B3a) IKATSLE
Cy = — e—2m’ Cy e—zm’ _ - i
’ K — i
Innrs
Gy =—Cye 2 Pp™2 M(— +iv, 1 — 2y, —p)

(B2) 12 Gy, Gy BRAT 5 2

j } =Ce??p (M(—v —iv, 1=2y, p) F e M (—y +iv, 1 — 2y, —p))
. ¢ Im .,
=2Ce " p~7 e PR M (—y —iv, 1 — 29, p)
Re
JF R CIERAIT R Wi
gi= - I eI M (—y —iv, 1 — 2y, —2iz) (3.10)
1 (21:),), ) )
__k G o) : :
fi= Ftm Qo) Ree M(—vy —iv, 1 — 2y, —2ix) (3.11)

b, TS g, fr ITBVWT vy %2 —y TEEXHINEEONS,

- Blin 7
—3r/2 <argz < —7/2 T |z]| — 00 DE X
M(a,b,z) = F(];(f)a)eimz“g(a, a—b+1,—2)+ 5((2)) 2% Pg(1 —a,b—a,z)
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=L
e}
(a)n (0),
glabz) =3 . (=1, (@u=ala+1)-(a+n-1)
n=0
THb, £TAT
i e7Tl//2
(—2ix)” " = exp((—7 +iv)(log 2kr — iﬂ'/2)) = @ exp (iy log 2z + i7rfy/2)
B gl))
D2y +1)e /2 , . o
= C) - Im {e’($+”l°g 22+0) — v, —y — v, 2ix
g [T+ + i) 907 v, 2io)
+ é (k —ip) e @HV10822403) 0] 4 4 4y 1 — 4 + v, —Qix)}
ZZT ,
by =n—Gy—mel(+ytiv), e =T
L7zhioT '
C’r — |F(1 +’Y + ZV)‘ eTrV/Q
I'(1+27)
el R g4
gr = Im [ei(m+”1°g 22+0y) g(y — v, —y — iv, 2ix)
+ 2L(KJ —ip) e @I 2a+0y) o) 4y iy 1 — N 4 iy, —2ix)
x
— sin(x—l— vlog2x + 6, — 7r€/2> , (z—00)
2L

6K=97+7T£/2=77+g(£—’7) —argI'(1+~y+iv)
IEAICRWE, ERIET v 2 —y TEEHZAUE I VDS

g; =Im {ei(mﬂ’bg 2040-2) g(y — v, — — iv, 2ix)
+ % (k —ip) e H@tvios2e0-5) g Loy iy 1 — 4 i, _Qix)]

— sin(w + vlog2x + 4, — WZ/Q)

(Y
(Y
A

/ 7 z _ _ . —2i7//:_7_iy
6K—9,7+7r£/2—77+2<€+'y) argl'(1—~v+iv), e .
e D. R. Yennie et al., Phys. Rev. 95 (1954) 500 & @ Bdf%

k=j+1/2,9g=F,f=G &35t (B &

dF  j+1/2 o dG 412
err " F—(E+m-V(r)G=0, I "

79, D. R. Yennie et al. @ (21) RIC—ET 2, (=j+1/2 TH2»5H

G+(E-m-V(r)F=0

Q20— BT ip (1 +v —iv) cimit1/2—y) — B~ ip L' (y —iv) oim(i+1/2=7)

vy—iv (14 v+ iv) v+iv Iy +iv)
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pu=0(m=0)DrZE ZhiED.R. Yennie et al. ® n° DEFKK (36) THZ22H 6§, =n°
Yb, LIehoT, o200 DEE

Gr=fr — coS(iI?+I/log2:Z:+T7C 7W6/2> :Sin<z+1/10g2x+nc— g(] B 1/2))
TEB4) R, 2 — 0 DHE
. | . . N — iV 2ux T
My —iv 1+ 99 —2iz) = (1 1 =25 e ) =1-—
i)}
| 9 t 1-2v¢
T M (v —iv, 1 + 2, —2iz) = cosn {1 B %Qavnnx i (tann " 1:;Ym7x> }
&IZAT
o \/1—|—C08277 \/n+7 . H:\/m ’Q\/m
sn =4 ———1 = SN =\ T T
7 5 2 0 T g 2 V- 2n
THLE0H

K [K—7 v
tann = —/—— =
K[V r+y Kty

&%, TOnH

) 1
el(w+n)M(’y—il/,1+2%—2ix): K+ |: 1+2 < 'Y+ +I€>x
Y

! (et

—H’(
/<;+’y

+
D. R. Yemnie et al. Ts; =, j+1/2—=k, yov EEE

@M (y — i, 1 + 2, —2iz) = s

7 (1 +a1x + Z(bo + blx))
272U, ai, b (& (ALT) THREZ NSO, LEdioT

Cr(22) e @D M (y — v, 1 + 2, —2ix)

:|F(1+’y+il/)| H+76ﬂ'u/2(2x)

v (1 + a1z +i(by + blx)>

I(1+29) 2%
_ |F(7+7’V)| H(E—’_’V) /2 vy .
o fIFHZE
8 —Se=my+n —nt+argl'(1+~+iv) —arg (1 — v +iv)
2%D

(iE=0) _ gitmrtn' =y & LA 4y +iv)
lu| ’ 'l —~+iv)
)l —z)=nx/sinrz Zffis &

Ko —w)P
™

1
u=—-I(14+~v+iv)[(y—iv)sinm(l —v+iv) = (v 4+ w) sinm(y — iv)
T
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hs o _
Gil6.=8,) _ gilmyn—y) Y H v sinw(y —iv)
[y +iv| [sinm(y — iv)]
rIsT ,
2=y _ 2= (i) e piln—m _ ;AT
v +iv [y — v’ Iy —iv
Lo

et(01.=0:) _ ; pimy Sl.n m(y — Z.V)
|sin7(y — iv)|
1 .
sinw(y —iv) = ie”‘”l (™ — e ™) cosm(|k| — ) (1 —itan7(|s| — ) coth 7TV)
i
e —e ™ >0, cos(|k| —7) >0 THEIHH

Gil6.=8,) _ gilmr—Inl) 1 —itanm(|x| — ) cothmv
|1 —itanw(|k| — ) cothmy|

Z#UX D. R. Yennie @ (36) X TH %,
o JERENTERAYAGIR Tl

Zalk 7
v=Vk?—-Z%2a%~ |k|, p =202 o 200

k k
THDH056 . ‘
o 2in _ —y+iv =K+
T k—iZam/k ~  k—iv
L7zpioT
) —7/2, k=£>0
| arg(+1+iv), k=—({+1)<0

E>0DEEymrk=0TH5050
bom =2t D041 0) —arg P(C+1+iv) = —arg (£+1+ )
k=—{+1) DHE
Iy+1+i)=T(+2+iv)=((+1+i)[({+1+iv)
D arglNv+1+w)=arg(l+1+iww)+argl'(l+1+iv) 72205

dp = —argl'(0+1+iv)

3.2 —fRORTUIvIL

I DRE
r BT AREVEEIV(r)=—-Ze?/r L BR2—BORT > %)L V(r) (0T % (BO) ZEEY
IR, V(r) = — Ze2/r 72 2 TX, (B3) OIERIE G(r) 3R 7 —a v RT v v LOfR
gr(r), gi(r) ZHWT

G(r) =Cgr(r)+ D g;(r)

EFET b, r—o0 TR ulr)=x+vlog2r —7ml/2 £ T 5L

G(r) — C sin (u(x) + 0,) + D sin (u(z) + 4,)

= (Ccosd, + Dcosdl)sinu(z) + (Csind, + Dsind.,) cosu(r)
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THd0H
Csind, + Dsind), = Asin ¢, , Ccos b, + Dcosd), = Acos oy,
Bt
G(r) — Asin (u(x) + ¢x)
B0 5, ¢, B V(r) IZ K5 phase shift ZEK T, ¢, &

C/D siné,, +sind/,
C/D cosd,, + cosd’.’

tan ¢, =

»H BV

cos O, tan ¢ —sind, sin(d!, — )

cosd, +sind,tand  C/D 4 cos(d, — J,.)

EREDLHDS, C/D BRENX ¢ DIRE D, 2R 1r =11, r =1y BT DAL G(1), G(2) &
ERAR

tan(g, — ) =

G(1)=Cg-(1)+Dgi(1), G(2)=Cgr(2)+Dgi(2)

stz el

C _ G2)g(1) - G(1)gi(2)

D G(1)g-(2) - G(2) g-(1)
IC&D O/D BIRETE S, 11, 10 DS V(r) = — Ze2/r LR BHBICHIUL, CO/D & ry, ro ITHKRIF
LW,

BELIRE
RO E
f(0)=A0)+ Bl)n-o
7272 L
A0) = g 37 [(+1) (40re0s 1) 1 (08— 1)] Pfoost)
=0
2k =
ZZT
Pla) = VT2 &

THd, LEdoT, HNEHDHE, pue—r—1 =¢_p1 EEFELZEITTE L
1 id_p_1 ipy
A(a)zﬂ;[(zﬂ) (e*0=t=1 — 1) + £ (e*'* — 1) ] Py(cos®)

1 X .
= o Z [(£+1)*P=t=1 4 £€*%¢ ] Py(cos )
=0

B(9) = i Z (62“‘3*’3*1 - ezim) P} (cos 0)
=0

Z 2T Schiff (21.23)
2(26 + 1)Py(cos @) = §(1 — cosb)

£=0

Bl o7,
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LFCTEE>m TH322LTm=0%t73 5%, ZOHE ED)IF

K dfmiﬂ
*;gn+(E7V(T))flm E—;fm*(E*V(T))gR

dgi _
dr

&R
K—= —K, Ir = 9—r > fli_>_f7ﬁ

BEEHZIIHLTAETH I 5 p
K G-k

Ik fx
r — oo TOELEIZ

G — sin(kr—i— 2log 2kr + ¢, — 71'&/2) R cos(kr—i— 2log 2kr + ¢, — 71'5”/2)
TH5056
tan(kr + 2log 2kr + ¢, — 77&/2) = — cot (kr + 2log2kr + ¢, — WE,K/Q)
DED
br =Tl f2= G =Tl /2= T/24 0T, $p =6t T (b —Lox— 1)+
Kk>0DEZE . =k l_,=—K—1TDHADP5
2idn — 216 x

&%, LIehioT

_ it i
A(9) = ﬂz [(£+1)eXPr+1 4 %% ] Py(cos0) (3.12)
= 5% Z (2 (Pg(COS 0) + Py_1(cos 9))
21¢tz+1 _ L2ige 1 2i¢y 1

B(0) = % ez% e*'%t) P} (cos ) Z e ( (cos8) — Py (cos 9))

X .
P} (cos®) — P}(cos) = — ¢ (Pg(COS 0) + Py_1(cos 9)) tan 3

i)}

B(9) = —itangA(G)
b, T S MEEZ

[A(0)]*

o(0) = A0+ 1BOF = 5a

THEZzoh 5,
¢n:5n+A¢n Zj_%)t

1

_ 2i8 2iAd
A(H)fAC(0)+ﬂ;::0£e ¢ (€49 — 1) (P + Pry)

L Z 0 ?i0e (Pg + szl)

Ae0) = o375 yars
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(D BBRERELILDE Agp — 0127205, F2HIFRHEOHNTH 5, —7, Mk —na v
AELD AT GIIMRARD ¢ THIZ & 2RED D 5, IFMHNERDIGE I, T OMRHEARNL

Aq(9) exp (ivlogsin®(6/2) + 2iArgI'(1 — iv))

- 14
 2ksin?(0/2)

EIREMTRNICR D 5203, MR TIERE SRV, v = ZaE/k = Za — 0 OMR T, HXGERLY

A X
2
A0) = m exp (ivlogsin®(6/2) + 2iArgl’(1 — iv))
b, WX Mott cross section

~ v2cos?(6/2)
o(0) = k2 sin’(6/2)

12725,

3.3 BEFREOERDH

Form factor %

2
q
Fi(¢*) + ﬁFQ(qQ) av=Ggp(d®)+ ﬁ Fy(q?) <2M + q"r) , =4

EREIL (T7=p,n)

d3q . .
(r) = xp(—ig-r) (0] ) _exp(ig-r)[0)
p /(%)Sep q Zk:epq k

20 +1
= (0] Y- d(r —mi)|0) = Y = (G2 + F2)
k a

3 2
W)= 57 [ s expl-iaen) 0 esptiaer) (g + @) 10

k

_ ﬁ <_ ﬁVQ,OB(T) + iV (0] Zk:(s(r - r’f)7’f0>>

BEZ D, TEL, BRI

Vam = . a=mUADETFH

o _ 16 2d (GdG G2>

2 rdr2 r r2dr dr r
&0 , ,
2o +1 d Gy G dF, F
Vors(r) Z 2nr2 dr (G dr r + dr r>
Dirac &=
aG K N dF kK .
drz—;G+@—UMm+Mwnya E;—;F+Cf+%@%HWﬁ»G



3 BFHEALEFRZOBEIH

42

2S5 &
2ja+1d Ko + 1 Ko — 1
2 e el 24+ F?2 4 2M*G,F,
Vers(r) ; 2mr? dr( r Gat r ot ¢
—7
Ga F ocor+oro
iV~ O\Zér—rk)'yk\o \E Z yjm . Vim
2ja + 1 2jo+1 d
= = —_ F
=V Z 2mr2 Gafa ZO; 27?2 era a
YE»5
2ja+1d M — M* Ko+l o5 Koa—1 4
W ( G, F, G- — F
MZ 47rr2 ( M olfa 2Mr % 2Mr ¢

M*=M ¥ L F? 2T 2L

W (r) ~ 2M?272 dr TZ 472 (ko +1) Ga

~ _
~

r (0]

d Iz
o e %:5(T—Tk)0k'€k|0>

Y7 b, Negele DAERICH 5,

pr(r), Wo(r) 25 &

O1p0I0) = (013 exp(ia-rs) (Fi@) + 55 Fala®) @) 0)

= /dsa: exp(ig-x) (G’E(q) pr(z) + F>(q) Wr(z))

= /d3w d*y exp(iq-(z + y)) (GE(y) pr(z) + Fa(y) Wr(x))

ZZT
3
F(r) = /(3733 exp(—iq-r) F(q)
L7222 T
3
pelr) = [ s expl—iaer) 01500

- /d3x Bys(r -z —y) (GE(?J) pr(@) + F2(y) WT(JC))
_ ?/{)wdm/:ﬁdyy (GE(y) pr(z) + F(y) WT(“"”)>

1

= per(r) + Wer (1)

72720, 9 f2 1 RITDT7 =) & H#

1 [ . 1 o I
oe) = 5 [ daeGete). plo) =5 [ daeRia)

= 7H/Ooodm [(g(lr — ) —g(r+x))p7(x) + (fz(\r —z|) — fg(T—i—as))WT(m)]
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3.4 Nucleon form factor

D. H. Lu et al, Phys. Rev. C57 (1998) 2628, nucl-th/9706019 TE|HDFEERT — X H &

1

Ggy=Cp= ——,
Ep p (1+r12,q2/12)2

Gup =1+ )Gy Gun = pnGp

ELT&Ww, 72L
fp = 1793, p,=—-1913, 7, = ()2 =081fm

s 1 1
G, =Ggp = — . 2 =72 F0.06 fm?
" " (1+riq2/12)2 (1—|—r2_q2/12)2 * "

L33, EBRT 255 08fm<r, <1.0fm (HREDX)

I G+ ¢/AM? Gy _ Gy — GE
LT T gjamr 0 PR T I e
no
Po— Gp _ Gp=Gn/in
T v 2 /AM? T 4 2 JAM?
r>00DE X
[ el 1
— dg—————— = X1+ \zx)e
21 J_ o q(1+q2/)\2)2 4 ( )
1 e elar AM? 2)2
— d - 1 dg — 2 ) pae
o | q(1+q2/4M2)(1+q2/)\2)2 AMZ — )2 [( + AT 4M2_)\2>e

A 22

A —2M=x
T ]
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4 BFHE CREREY

T. DeForest and J. D. Walecka, Adv. Phys. 15 (1966) 1
B. Frois and C. N. Papanicolas, Ann. Rev. Nucl. Part. Sci. 37 (1987) 133
S. Boffi, C. Giusti and F. D. Pacati, Phys. Rep. 226 (1993) 1

4.1 EFEHER

BRI OT 1Tl X 3 BETHEAEL 5, AHETOTILF— EHRE
€1, P1, %QEL?!‘??@IZ\‘]I/%‘-, HENE % €9, P2 bl B W

I 3ILF — qo = €1 — €9, EE R q =p1 — P2

DIRAENTF v BRTFHREMEERT %, HTDY A, (x) ZRTFILTS X, 22 TiE A,(x)
ZIRFEIMELEHRAT Yoy L, ZORT VY Y L TEFIMELT 2 EX 5, FEHF (real
photon ) DE qo=q TH 20, EFEETIE (e=/m2+p2, me=FEFDOHER)

(Ii = (61— €)= (p1 —p2)* =2 (m? +p1-p2 — €162) <2 (M2 + p1p2 — €162)
&ZAT
(m?2 +p1p2)2 —eled =—m?(p1 —p2)° <0
TH2H56 q, <0WC7R5, MTHMALTIE ¢ < ¢ THNE g & q ZMZIEZ DI DB TE 2,
CHFRFRETANSE FTRERFATH 5, HIZIX, (BT TRT LI, HERGEL (g =0) 1

%qu% Lx B 2 L CRFMOBHNM (D7 — VY TIEH) BEBINICRE 3,
DEE (), B —e LTy, BT BT OMEERE

@( ) 1/)( )7 zh = (xovw)

Vi(wo) = —e /d%j“(x)Au(x), (@)

THb, KAl 29 = —oo TOBTOWIIRER |pro1), 10 = + 00 TOMKIKREE |peor) & T 5,
o=+l IFEBTOREVIREEZRT, —7, HTFEOWIRE, #IREBE2Zzhzn |0), |n) & T 5,
V ZRRNCKIET 2 1 ROBEITHR S &, [p1o1, 0) — |pao2, n) OBBIHERIL |w|?

w= [ oo (paoe,nlV (o) prrs, 0) =~ ¢ [ate (paoal@lpron) w4, (@)l0)  (4.1)

TH%, BTOH ¢(z) 1

Z/ 27)3/2 \/7 (I% o)u(p, o) e” " + bl (p,0)v(p,0) eip“') , pa=plx, (4.2)

CEMTES, 22T d WETOAREET, bf ZGE T (KET) OEREE T TH 2, u & v
ARG AY 7, —LTHD, Hgix

ﬂ(pv J)’Lt(p, 0/) = 50’0’ s W(P» J)’U(p, OJ) = - 50’0”

TdH 5, ¢@E%ﬁ%mb\ét (bb]L Giﬁ*ﬁ, %614\@3; J—.E%Eféj“(x) BEZ 2 )
d3 d3 / me -

x (vac|a(pz, 02)a’ (p, o)a(p’, o' )a' (p1, o1)|vac)
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7272 U |vac) I3EZEEZRT,

(Vac|a(p2, UQ)CLT (p7 J)a(pla g/)aT (pla Ul)|VaC> = 5(132 - p)(sago' 5(171 - p/)(sa'ld’

TH5056
. FI—L(LQ) i(p2—p1)x Me
<p20'2|.]'u($)|p10'1> = (27-[-)3 € (p2=rps) ’ Fﬂ(1’2) = mu(p2702)7#u(p1,01) (43)
W3, (B3) % () KA T 5L
(&

w=—

4 —iq-T _
Gl (1) [Foe e A @), o =t~

JRFRDERA L > b % eJH(x) &F % & Maxwell FEERIE DA (2) = eJH(x) TH S, DML
2 exp(—iqg-x) ZDIHEDTT 5L

/d4x e T AM(z) = — qz /d4:c e MTA (7)) = e/d4z e T JH (z)

THE,D
dra IT'M(1,2) o e .
YT ¢ Lﬁ%€q<M%@W» o= = BT

W3, HEREFZEDOAIN =TT 3

H|0) =Eo|0), H[n)=Ey|n)
Ju(@) = J,(0,2) T 5L, AN XYL OEH RS S
Jo(x) = J, (w0, ) = exp(iH o), () exp(—iH o)
THs, LEdoT
(n]Ju(2)[0) = ™m0 (n|J,(®)]0),  wn=En—Eo

2505
_ o I'"(1,2)
-~ om2 a

Jata e g, @)lo)

o I'M(1,2)
- 2m2 qa

/ dizg €@n =070 (5] ] (g)[0)

= S o) (lul@)0). EEL Jua) = [dresplia ) (@)

2
T q

S(wn —qo) =0(En + € — Ey— €) 3T ANVF—RIFATH %5, EBMHERII
2 o’ " 2
wf? = S |11, 2) (] 7,(9)/0)| 8w — a0)
Qp
TIRBBD2FIET - 00 LT

772 g T
2 — = — = — 70 f— — -
4 (Wn CIO) 5(Wn CI0)5(0) 5(wn qo)/_T/2 o 5(wn CIO)QW

CREE 00, BARMD D OERHERIX

|U)|2 B 042

T 23 qp

I(1,2)(nl (@) |0} 5 — o)

7%,
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4.2 WoEmE

ASBFHRBMAEED D Ny i, BN L THES vy TAHT 2D & &, fELE 725 po IEFE DM
INEIR dPpo WCHAAIIFRIICEELS N B ERE No e 5, Cor &

N2 = Nll}l do

TERSND do BYITWHETD 5, BT ORBBK DB 2 AR 2 W THRE vV
DFETHUILT 2, BV 1 DOBFBHFET 2020, Ny =1/V TH b, £/, (B2) T
1 1

e VY

EEMZAE2T 200

= 2773 ‘F“ 1,2)(n|J.(q )|0>’25(W'n —qo)

p2 B FEDOW/NEIR d3py DIRFES Bpy THZMPS Ny =1 2B, Lew
(27r)3 T (2m)
> T
Ny " 3
do(p1o1,0 = paoa,n) = N1U1 v1qu ‘F (1 2)<”|Ju( )|O>‘ d(wn — qo) d°p2 (4.4)
»H BNV

d3p2 = dpgp% df? = p2€2 d€2 dQ7 €y = \/mg —&-p%

rae) v = p1/€1 b ZEMOWHEIE

d?0(p101,0 = paoa,n) 402 €1€2 p2

de;d02 == a0 2)(nlJ(@)|0)] 6(wn — a0)

ThHb,
AHBTDAEY 01 37 X4 (L TWRW) THELE FDORAE Y 0y ZHIE LEWEER, 01
WKOWTIHEHEL o IOWTIEMZ L 2056

d*c(p1,0 = p2,n) 1 d?c(p101,0 = pao2,n) 202 po
— - = P2 s, — 4
deod(? 2 ;;; de2d? a Olwn = q0) (4.5)

EL ) )

I=ee Y |12 @) =m? Y [mr uK,|
ZZT, fiHDD

uy = u(p1,01), up = u(p2, 02) , K, = (n|J.(q)]0)
L7

(v ur)* = u] (1) us = Trtus ., Alp) = 3 ulp,o)u(p,o) = P
1 I ~ 9 9 2me

ZES &

I=mg Z Ty uy Wy ua K, K = m? Tr (W#A(Pl)WVA(PQDKuK;

0102

= T (0 M (o + ) KL

= (g“”(fni-—zn~p2)+-prZ-%pr§)1¥u1f§ (4.6)
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HIZQH=p!+ph)/)2T st
v v v 1 v
G = (P2 = P1) = P3u TPy = 2p1°p2 = 2mg = 2p1pa,  PYPE +piPE = 2Q"Q" — Sd'g
TH23015H ,
1
I= %"K-K* +2QKQK" — Sa-K ¢ K*

2725, vy MREFR] 04T, () =0 1

0
o*J,(z) = 920 exp(iHxzg)Jo(x) exp(—iHxo) + exp(iHzo) V- J (x) exp(—iHxo)

— exp(iH o) (z (HJo(z) — Jo(z)H) + V-J(w)) exp(—iHzo)
)
HJy(z) — Jo(x)H —iV-J(x) =0

ThHs, Thhrb
(En — Eo) (n]Jo()|0) =iV (n|J(2)[0) = 0

exp(ig-x) ZP I THETL E, —FEy=w,=q S5 &
" (n|Ju(@)0) =0, DFDH ¢K=0

THB, LEN-TI= %K K +2Q-KQ K" 125255, 2%k (E3) KRATIUS

d?o(p1,0 = p2,n) 2;«2;072 (
2

deq d2 gt m

TH5,

4.3 #tAmECEA B

q FEBBERAT (ETFIrOEFRICBITTHEIER ) TH D, J(q) & g DI (HESH ) &

WCEEERFEA (W) IS b, eg=q/qg T AL
J(q) = ey Ju(q) + Jr(q), J=egJ, Jr=e x(Jxey)

ZAUTHIS LT
K = quL+KT

THb, LY MRF ¢ K = qKo— ¢ K =qKo—qKp, =0 &0 Ky, = qoKo/q 23205
q2
K-K* = |Ko> = |[KL]> = |Kp|* = - ?5|K0\2 — |K|?

Qoq?,
2

27 .
Q'K:QOKO_Q'quL—Q'KT:WKO—Q'KT:—

Ko —-Q-Kr

Q-K DB T

2 2 2 2
+ . — Pi, — P mg; —m
(1 + p2)-(p1 pz): 1 2u _ e c_0, 2% Q-q= Qo

@-q= 2 2 2

2
Do g g 400K Q-K*) 5(wn — q0) (4.7)

q
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BfEot, LizhioT

2
2 2 2 2 2
TRK 20K QK= =L (qg) Kol = | Kx | +2Q- K1 QK
Qoq?, . X
+ g (KOQ-KT + KOQ-KT) (4.8)

qWCERT2HMANX20H %, q DFHMAD 2 #iD5HE

e, ie,

\/5 s

*
er1 =F ex-ex = o

b 2 R
Kr=e,K,+e,K,= > €Ky, Ki =es Ky
A==1

TH b, BELANCIZFIE L TV I, BELRIGES RREO oL LRV, LaL, FTH
FEFICHARIEIEFEICE VO THELZR & IE L TW3 & L, recoil DFIFRZ MM L TH L WIEEl
ThHb, ZOHE, BELFIERT, KA OREL AEBROEHIRETIEETE %, |0)=|1M),
In)=|I,M,) £ $5%, [ IAEHRBOREX, M IZAEBRD : O OBEEMHETH 2, Jy (A=
0, 1)1 g A FAEFER T OEHMEE A\ ZIEZ 206, A\=4+1 DL % KKy #0243
BRIEFELRV, L2 ->T (IR) OGHOKRED 2HIZ 01k 5, £

S KK =0wK, K= Y [K\*=XIKEFELRY (4.9)

MOMn MOJ\/In

DD IO, THHhD

2 N2
Y @K@ Ki= (10 +10-P)k = L% S K

2
Mo M, Mo M,
L7zDioT
2
1 * * | 2 2
> <2K~K +2Q-KQ-K ) =L Y Ko+ Ve > |Kr| (4.10)
Mo M, Mo M, Mo M,
2L
2
_ 45 - ¢ a e (@92 a, o (Qogo)? a
Vo=—745— Z) V=@ 2 ?_Q 2 2 (4.11)

IBIRRE Y SIRRED M B AREDIHE, EF DAY Y EFRIFRIC, My I22OWTIFFEE L M, I22WTid
MzEY %, (B22) & (21m) 5 5

o (py, Io = 2, 1) 1 202 py ¢
; = = == W g K +2Q-K Q-K* ) 6(w, —
des df2 20 +1 ¢& pi M%;I ) +2Q-KQ (wWn = q0)
1 20[2]?2

2 2
=TT g EM%:I (VL‘<TL|J0(Q)|O>‘ + VT‘<n|JT(q)\0)‘ )5(wn ~ )
2725,

FIGDFIRFET, FFEDK. T2 T DIREEIBE L, ZDEPEMTH LW T3, 2D LI BKIE
% inclusive reaction £\ 95, —JF, IRBED R TOR FDIRERFEE T 5 K% exclusive reaction
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YW, BEBFHEELT, BIREETCIIXBELE ?@@Eﬂi@&%?ﬂﬁ?% inclusive reaction 2# % %, i
FRDIIRED Ip = 0 OB OGS, Mok EX2 5

d’c _ 20°py
deo df? ai P

(ViRu(a0,9) + Ve Re(ao, )
L

Reao0) = 32| Jo(@0)] 5o — a0), Rerlasg )= 3| inhla N0 8w ) (412)

W27 %, Ry, Mt 1S EIEL ( longitudinal response function ), Ry %1875 AL ZBI%K ( transverse
response function ) £ W9, FILTD H OREHFIKRE |n) IZOWTITI,

R EEEEFANBIGE, BETOIRLF — ¢ ZHE MeVEETH %, 4T me = 0.511 MeV
WHARNFIERICKRZ WV, 20X e=\/m2+p2~p THE00, LFTEm.=0t7%, &
FOWMELAL 0 £ 55, p1-ps =pipacosld TH 5,

@, = (n —p2)® = (p1 — P2)? = —2p1p2 (1 — cos ) = —dpipasin®(0/2) <0 (4.13)
Q5 — ¢* = (p1+p2)* = (P1 — P2)* = 2p1p2 (1 + cos 0) = 4p1ps cos®(0/2) (4.14)

A2+ =(p1+p2)2+(p1—p2)2 =4m2 =0 kD Q* = Q3+ /4 KR BH 5

2 2 2 2 2 2 2
q q q q 405 — q 0
Vi = %+ u_(QOQO) _u:_4;2(4Q(2)_q2)_M:QOq< — B tan? 2)

4 e 2 2 2 22
L7doT

d?o q; ’ —q 9

dgan ™Ml g2 Ri(q0,9) + o¥e +tan® = | Rr(qo,q)
7=l

- E}Q4Qg—q2 _ < acos(0/2) >2
a, ;1 2 2€, sin?(/2)

TH 5,

Moo W22 & 2D D JEERRZ RERIVICIRD I, XD K518 5, AEFDOLILF—
|p1] ZZ LT WHEZ KD 5 & &

Go=p1—p2, ¢ =p;+p;—2pip2cost
M—EICHKS py, 0 DEELETZHET 5, TOLE, Ak 0120 LT

1 e
oM d€s das? -

2\’ - q; 0
(q‘;) Ri.(qo0,q) + 2q2“ Rr(qo0,q) | + Rr(qo,q) tan® 5 (4.15)

% tan?(0/2) O LT ay b33 L EMICH S ( Rosenbluth plot )o Z DEMRDIEZ 15
Rr(qo,q) BEBRINIRE 2, £/, Mt & DZHH 5 Ri(q0,q) BIRETE %,
JH PO IRAE 2 B EARREICIRE U 7 M EL D 5 &

Relao.0) = [ (01(@[0)] 3(a0) . Rran.0) = |(0172(@)]0)| o(a0) (116)
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Jr W3RNV T4 BEZE200 Rr=0TdH3, Thhbd

olM dedggﬂ [(01o(a )|0>‘25(‘10) (4.17)

2D, BREROBMDE (0J(x)|0) ®7—) TZHWHAB NS, HEMDEHE (01J(x)0) =
5(x) TH 25 (0]Jo(q)|0) =1 127 %, oy IFEBERIC L 2D Mﬁﬁ(%vh%ﬁﬁ)fbéo

4.4 BFOEBHAIREF
BF HFHEEEZ 3, BETOHRE, BEH L > P OITHIEEE @3) kD

1 m .
. e — m i(p2—p1)-
<p20’2‘j ( )|p101> (27_[_) \/EUJ(pQ’O?)’Y U(pl,O'l)e
THd, MTPIFRIKROETLIEZELR D BRI D Z2Roh o, THEZZ EXD X5 1E RS
B\, MFOEMA LY b OITFIEDE (koo T4 (2)|k101) & K, kY OBIEKT 4752 FLTH B>
5, I d — I

1 M )

(k22| " (2)|k101) = (2r)? mﬂ(kg,ag)ﬂ‘(kl,k@)u(k:l,al)e”f‘“”
7L

(kv ko) = B f1(q)) + KBS fa(qh) + 4 fs(qh) q" = (k2 — kp)*
Z%HéogAﬁfuﬁ#¥@Xk/—ﬁbko E=VM2+Ek2TH2, ki, ko CIKETZAD T —
%qu# DAtz kz ki-ko 2733557\77), #* ER& ki-ko = M27q#/2 TH5HH05H fx I8 q#
BMEchHs, ALy MEERIE D

Byl JH (2)kron) = - M Gk 00) g Pulky, 00) €0
" (27T)‘3 E1E2 ’ ’
1 M )
= (2n)? mﬂ(k%oﬁ)(qklfl + Q'kaz)U(khUl) et =0

TRIREBRLRVDS
q-kifi+qkafo = (ki-ka = M?) (fi = fa) =0
L7 T fi = fo TH %, Gordon 5
QMHM%aﬁTW%LUﬂ:ﬂﬁmaﬂch%%@“+hﬂ%b—kﬂ0umhm)
2S5 &
ko, 02) T (K, ko) u(ker, 01) = @mg(m+w2,ﬁ+ngumbm)
= ks, 02) (2Mfi + f3) 7 = ifi0" g, ulkr, 1)

(o) (
LRYE D, Fy=2Mf1+ f3, Fho =—2Mf1 & EEACER
1 M

23 — I iq-x
<k20’2|J ($)|k10'1> = (2 ) \/m (kQ,O’Q)F u(k:1 0'1) (418)
=L ,
Fa(q;,) .
P = R+ T o, (ke ) (4.19)
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7%, BHATFOHE, 2
F
I = (Fy+ Bo) 9 = o (b + ko) (4.20)

LA TH 205, BHN FTRWEEIE I'* & ' EFE CTHERIZIER S 720,
E3ca

eFy(0) = T OER 2M@ﬂ@+&m0:w¥@mﬁﬁm
ERT, (L20) &b
(kaoa|JH (2)|k101) = e M u(kz,02) ((F1 + Fp) 9 — i(k + ko)H )u(k: o1)
! (2m)3 \/ErBy oMt b

Briet PEIER (ko = — k1 =¢q/2 ) Ti&
E1:E2:Eq: ]\424’(]2/47 qo:ngElz()

ThHb, HHAY —1DEKK

1
Ex+ M
u(k,o) = k2M ( ok )Xa

Er.+ M
ZHES &
E, 4 xbxt, p=0
E(k% JQ)U(klﬂ Ul) M X2X1 ﬂ(ka UQ)PYMu(kh Ul) = Ti (O'Xq)i —
X2 M X1, M
22506
e~a® N
(kaoa|J° () [k101) = ——= =G Elq}) xbxa
(2m)? E, o
e~ia® \f 110Xq
(k2o2|J (z)|k101) = WEG (qM) X2 oM X1
=72 L ,
q
GE(QZ) = Fl(‘]i) 4]&2 Fy(q ) GM(‘I;QL) = Fl(‘]i) + FQ(Qi) (4.21)

CITRqp=0THo05 ¢, =—¢ ThH2, BTOEME Q, MKEREZ p T2

Vv

Q = ds.’lﬁ <k20’1|J0($)‘k10’1> = eGE(O) 5((] = 0) = eGE<O) W

3

e 5 € A 4’z
M= §/d $$X<k201|J(l‘>|k10‘1> = EGM(QM) X2 /(2’/T)3

xx(ox(=V))e @y

1%
n= EGM( ) ;cf)a 5(g=0)= ﬁGM(O)XEUXl (27)?
L7=DioT
1 H
eGr(0) = el (0) = BT DER, DFbD F[(0) = { 0: Ii:li?
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") —1.913, HHTF

LRI
e { 2.793, BT LieninT F0) =, H{ 1.793, BT

)

—-1.913, H¥ET

THd, v ZRWEWKAERE VWS, BETOHBERE up=—¢/2m.), k=0 Td 5,

W Wi Z R D 5, (IR) 55

M8 = o

dx exp (iq-x) (kaoo|J"(xo = 0, x)|k107)

—

(kaoa]J" (q)|k101) =

M
7(’62,0’2)F”U(k§1,0’1)5(q — kg + kl)

= VBB,
q=1p1 —p2=ky— ki TEFERFRITH 5,
oA (202) 1ISHB W T

BT BELO M WA I3 8 7 R TR REL D

K" = (n[J"(q)|0) — (k202|J"(q)|k101)

BEHZZTAREIODS
*> (5(E2 —F — qo) (52(q — ko + kl) (4.22)

d2 2 2 2
g _ 2 P2 <(J“K-K*+2Q-KQ-K

des dS? o qﬁ P1 2
772 L
M _ M _ . Fy
K= ——7(k I'*u(k = k Fiy* —o"q, k1,
\/Emu( 2,02) " u(ky, 01) \/mu( 2,02)< 17 +22MU q )U( 1,01)

MF DIRENBI R e At vV TRIRE L

.
0%(q — ko + k1) = G~k t k)

ZES ¢
(2m)°

s 2%p, [q;
= WRK*+2Q-KQ-K* | 6(Ey — By — qo) 6(q — ko + K
dezd2 ~ gt pi \ 2 +2Q-KQ (Bz = By = 0) 6(q — k2 + k1) =5

Tz, ko FEHEDIRIERNE Vdha/(27)} TH B2 ky TR T B L
d?c 202 poy [ 4 . «
de, A0 *Ep*l KK +2Q-KQ-K* | §(E2 — E1 — qo), ko =k +q

W25, FIHREDOKT A VIZOWTEEE2 L D MIRED RV VIZoWTRELELENE

2
> (2’1( K*+2Q-KQ-K* ) (4.23)

4
dexd2 4 P =

d’o 202 1
pzS(S(EQ—El—qo) 825
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();D(F:F1+F2)

ZKK*—

0102

KF b i(kl k) ) %LM (ﬁm Fo 2k + k2, > kQQLM}

1
" EE,

( (4M? — 2%y ko) F?

(k’l + ]{52) (]\/[2 + k- kg) <£\3) — (kl + kz)i FFQ) (424)

1

D QKQE = g0

0102

((QQ ki Q ks + Q2 (M? kl-k:g))FQ

2 2 2 .
(M + bk (ks +k2)-Q) (w) — ((h +12)Q) FF2> (4.25)
¢ =k R THEME
2%y ke = 2M° — ¢, (k1 + ko), = AM® — ¢, (4.26)

DUF T, EBRER, 2% 0, AIHIKECHIE L 2T ORELZE X 5, ZOHE, By =M,k =0
THLE2HH

Q-k1 = QoM , Qky=QoEy —Q-ka=Qo(M+q) —Q-q=0QoM+q-Q=QoM

i)

N 1 1 ~ q,
Y QKQK*= B ((2M2Q3 + §quZ)F2 + 2M2 Q2 K ) F2 _2FF,

IOnrs

- AM? — ¢? q2
* 2 2 2 o
Y KK ElEQ ((QM ) PP+ ——— | (1- 3z | 5 —2F P

g102

)

ooz 4M?
L7eoT
1 ~ 0 q2
7272 L
q; y
S 2 2 5
TH5, 4Q2+¢2=4m>=0 XD
4 .
A= M?¢? —|—4M2Q0 4 - M2 (4Q0_q ) Mqu_i_ZH
ki =0D%5H
2
iy = 2MEy =2M% — 2, . qo=Ey— M= _QL& (4.27)
2505

4
A=M2(AQ3 - )+ L, B =M (408 - o)
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Lo T

M q 2, 2 o [ m2 q2
:2E2<2]\22F (4Q% — ) | F* + 0P F2 _2FF,

M [ g (F +F)2+(4Q2 2) | F2 9 2
T og, \2aE \Tt T2 L A Y VER

(E13), (z1a) zfAAT 5 &

. 2Mp1p2 9 q2 29
=T h 2<F1 4M2F2_2M2(F1+F2) g
(DI) TEHREL Gg, Gu ZHWA &
GE_GMql%/4M2 Gy —Gg
= 1 2 2 J Iy = 2 2
- qi/AM 1—q2/4M

THoHH25

2Mpip2 50 (G — Gy (Zﬁ/4M2 q; 5 0
= —_— — t —
S=7g o\ T ic G/AM? 2M? Gy tan® 5

qoz—qz/QM 2S5k
1 B a, _ —aq;

L= /aM? — g2 — (a3 /2M)* ¢

TH5056

o 204 D2 M qi _ ql% ) 0
de, d_Q C]M m Sé(Ey— M —qy) = UME*2 [(qz Ry, + 22 Rt + Rt tan 3 (4.28)

7=7ZL

2

q —q

RL(qlJ«) = q2 G2E 6(E2 - M- q0) ’ RT(qM) ZMZ G2 (5( - M - qO)
m

THb, M/Ey ZFRiIFIE (E2R) 13 (EI8) L RILTH %, (BIH) TERIETFEIFZIEFICE WV & LT recoil
PEHLTVWS, M>qTH2L LT M/Ey,=M/\/M?2+¢@~1 ¥ 3HE [@I5) 12745,

Rosenbluth plot 21T Z IXFEBRIVIZ G2, G3; KD 2B e TE 5, ERIC UL (HIRIE, K
W. Chen et al., Phys. Rev 141 (1966) 1267, 1286, 1298 )

Gu ; . N QZ Gu
1+I€pNG’ PET - Ger EG Fon ~G

F’%? . GE%

ZZT, kp=1793, ky, = —1.913 BT, FHETFORERTELRTH 2, £z
1
G@P)=— A ~ 840 MeV 4.29
@ = (4.29)
Lo T

1—(1+rp)q./4AM?
1—q2/4M?

“pG(qi)
1 —q2/4M?>

BT Fiq) = Glgy), Falq) = (4.30)

FHEF Fi(g)) =0, Fi(q)) = raG(q)) (4.31)
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272 %,
recoil ZHM AU Ry, ~ GH(—¢%) 6(q) TH 3, Zhr (EIm) Zid U, B+ oER DM
ep(z) &

1 ,
Col=0) = e = /dgx e olw)
TERBE R R 5 U
)2 2
/d?’xeiq'mp(x) = /d3x (1 +iq-x — (q;) +) plx)=1- %/dg‘mep(x) +--
Zhhr b
2y _ (g3 2 o4 [ ige __4d 6 _ 12
<ZE >—/d1'1: p(I)— 6dq2 /d .req p(x)q:[)_ dq2 (1+q2//12)2 qZO_AQ

A=~840MeV ZRAL h, c #TLICRET & /(22) = V12he/A =~ 081 fm 1272 %, FBTIE 1 fm 2
DIEDBY Z2bD, HETOHE

2 "inq2 1 q2 3.2 3
GE(fq):fZlM2 (1+q2//12)2:7€ d’zaxip(x)+ -+, /d zp(x)=0
Ck b 3577. 2
(2?) = e = — (0.36 fm)

THOEWKKRS, PHTOEHE, p(z) IZIEOE T L EHOWMI LD 2006 (22) IFAICRKRD 25, H
HFD G i (22), 2% D dGE/dq2’q20 BEBEE > TV, TN ED ¢ IIFHIXER
HNTIZERAE DR & < BHFEICIZIR F o TWiRw,

(Z13) &b

2
. . q .
@2 = —4pipasin®(0/2) = —4p (p1 — a0) 5n*(6/2) = —4py <p1 + m?) sin(6/2)

THBH3H015H ,
4p? sin?(6/2
q =- I1 (./2 (4.32)
1+ (2p1/M)sin*(0/2)

rRE B,

By — By —qo = /M2 + (p1 —p2)2 — M — p1 +p>

::¢M?+ﬁ+ﬂ%—2mm0%9—ﬂf—pruh:f@ﬂ
53 f(p) =0 DRTIX
df (p2) P — p1 cos 1= M + p1(1 — cos ) _ M + 2p;y Sin2(0/2)

dps /M2 + p? + p3 — 2p1ps cos O M +p1 —p2 Es

Th b, () e €y = P2 T*ﬁﬁj\j—éi’%/ﬁ\, 5(E2 — B — qo) = (5(f(p2)) £h (df/dpg)_l DI B
YRS}

A2~ 1+ (2p/M)sin?(0/2) \' ' AM? T2 2M?
1272 %, ZHUE Bjorken & Drell @ (10.90) TH 5, (E27), (E32) & D T3 ¥ —BT1Z

(2p1 /M) sin?(0/2)
1+ (2p1/M)sin®(0/2)

o oM <F2 Uy g2 9 <F1—|—F2) tan2 2> (4.33)

qo =p1—P2=D1 (4.34)

ThHd,
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4.5 BDHRTOWMORKEIE
BHODRT ER) Z#EM L TELRTOMAMHEZ KD 5, T 3T, EERERDOM DM

RS (B33) Z 0 — L Y EBRLTRD %,

(=23) %= EFA
BELRI R TOBETFOEE R pY, pb, BELHIR TOKT OEBI R k), kb TH 3,

a=p0=ymi+p},  Ei=k=\M2+k}, REL p=Ipl|, k= kil

“G%éo E’E‘T‘ﬁfai P1 +k31 = D2 +k§2 =0 k b kl = pi1, kg = P2 T%%o Iz\\ﬂ/:"\**“1%ﬁbi

9 -1
5(E2+€2*E1761) = <861(E1+€1)> 5(62761):

E,
e+ Eq

5(62 — 61)

o pr=p2s=ki = ko Wb, EBEZRTIX () &b q0 75 0 T%éip, HOLRTIE q =0

TH Y BE R,

(E23) WM AHIE L TWAHBATH B, [@3) XV d®o/derd? EASTHFOHEE v = |vy] I

WEHIT 2, BEEE u) THENT 258, vi ZHGEE [v; —u) | ITE SR

d%o v
= 3
d€2 das? |’l)1 — Ul‘ X( )
TH5,
Pl ok P nwoo_ B
! €’ ! ki? Er o |’U1 —U1| €1+ F,
272D
d20 E1 20[2]72 2(12 E1 2
= — = S6(FE —F - = — So(es —
dexd2  p1+ Er g p (B2 te— B —a) Pt <€1+E1) (2 —a)
€2 CHEAZT 5L ,
do 202 [ E a,
_— = — S, S=2ES +8 4.35
a0 Qﬁ <€1+E1> 1 1+ 52 ( )

72721 Sy 3 (E2m), Sy & () TH B (Ey = By = /M2 +p2),
LX—FVCMZ mezo tj_}:)o €1 = D1 &:7;%0

(4.37)

2
ap = (p1—p2), = 2m = 2p1-ps = —2p + 2p1-po (4.36)
0 0 2
pitp pP1+p p1+p q
Qr=Q k== Qk?— ! Q'ki=p1E1+¥'Pi=P1(p1+E1)+f”
2 2 2 4
THY ¢ =k — k' &b
2k -ky = 2M* — ¢, (k1 +ko)2 =4AM? — ¢}

K75 %0 $72,4Q% + ¢ =4m2 =0 TH2h 5

~ 4AM? — 2 Q2 ~
2 _ 2 2 2 1% n 2
EiS1 = (2M° +q,) F* + ———= [(1—4 5 | F3 —2FF,

4 2
E%8, = (2@% - qg) F? 4203 Kl 7 ) F2 —2FF,
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L7=oT

M2 qQL q4 B M2q2 q4 q2 _
ﬁ522<Q%+ 4‘+1%‘W+a Q% + 4“—1% 1—4&2‘@—JFB

TH 5, (B30 R 2pi(p1 + E1) + M?= (p1 + E1)? &P

2.2

M?3q 5 a q
%+4“:m+Eﬁ<ﬁ+“ + £

p1+ E1)
Zhe
¢ =—4pisin®(0/2),  pi+q./4=picos’(0/2) (4.38)
X b (E33) 13
do q a 2 a?cos?(6/2)
— = F2 - E_p2_ # F) + F,) tan?(0/2) | , = =177 (4.39
a0 ““( 1T gzt %py+Eﬁ2(1+_2) an(/)> M= 2 sin'(6/2) (4.39)

p1, 0 ZEDLRTOETH %, (E33) D 1+ (2p1/M)sin?(0/2) IZHIET ZIHIZ R W,

O—L>YE#
HELZ OB T OEH R RRERT pt, BOLRTpL, £ T 5%, EBERL SR T, BOLFRD 2 i
FICHEX v TRET LE, o—L UYL LD

3 0
Dem + VD
P Pens P Pons 7S SUESEE P = VmE S P (4.40)

TH2. p, Pem DWEELEZ (0, ), (Bom, Pom) TRTo 72721 o = ¢ TH 5, (E40) 1

2 2
|p| sin 6 = |pem| sin Oem Ip|cost = /|ple (COS Ocm + U) ) u = ’U@
1—v? |pcm‘
272 %,
2
. oSO +u
p2 = pEmF2(96m) 9 F(ecm) = \/SlIl2 Hcm —+ %
b
sin Ocm cosOem +u
sinf = , cosf) = — 4.41
F(ecm) mF(Gcm) ( )
272 %,

FERBERTE, #E LI 2 A M OEE & p OB FHEZRT 5, BT p* = °,0,0,p), &
T k# = (M,0,0,0) TH 2, HEOLRTE ptt, = (02,,0,0,pem), ki = (k2,,,0,0, kem) £ T 5, EiD
DEXE v T2, u—LryYEHLD

p — vp° —oM 0 M
VI TV T T

Pecm =
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TH3, BDLRIZ pom + ke =0 TERSINZ D5
Mp

U= 0 5 Pem = _kcm - (442)
PP+ M (p° + M)* — p?
W23, BLDRTODET, BFOIALX—%
6Cm:p(c)m: sz+p<2:m7 Ecm:kgm: \/M2+pgm
"Giéj_o E‘Crn:]\4'/\/]._v2 J:D
v = Z}: . w :v;(::l - ;*: (4.43)

ThHd, EREZTOMOWEEL do/d2, BLRTOMITMEEY do/dQm &5 5. [F UM
D BELR FRUIBEERICKF LR VD S
do do

aﬁ”:d@m

Adf2em , df2 = dfsinfdg, d2em = dbem sin Oemdo

(@zm) & b
do _ do dcosley,  do V1 —0? F3(0em)
A2 du, dcos®  df2en 1+ wcosBOem

TH2, ZHE (EZD) I v =pem/Ben ZRAT S L

(4.44)

3/2
do do <M2 +m2 + p2, (14 cos? Oem) + 2Em€em €OS 0cm)
an - d2em M? (Ecm + €cm COS Hcm)

M sin 0.,
€cm + Eem €0S Ocm

tanf =

Z X R. G. Newton, Scattering Theory of Waves and Particles ( Dover Pub. ) @ (5.27b), (5.29¢)

TH b,
~ 1+4wcosOey

UFTEme=0¥ 3%, u=v &) F(fe) = 2%, (D) i

V1—0?
1+ cosf 14w
2 _ _ 2
08 Ocm + v cos™(0/2) = 2 14 vcosfem 005" (Bl /2)
O T vcoston” 1—cosf 1
cm . 92 o — COS o — v )
sin“(0/2) = 5 =TT vcosfon sin®(0cm/2)
TH b (@) &
2
do do (1 +vcosfem)
AR dQ, 1—02 (4.45)
1272 %, REREZROM WA (133)
do o [ F2(2 tiQQ % F F2 2 0
75 =000 | FEa2) = 11 @) — 55 (P + ) tan? 2
1 a? cos?(0/2)
oo(0) = - 9 5 . 4
1+ (2p/M)sin=(0/2) 4p? sin”(6/2)
BEZD, pPP=pTH5HP5 EZI) XY p=Mv/(1—-v)ITKD
2v 1—wv 1—cosf.m 1+

1+ (2p/M)sin*(0/2) =1 +

1—v14+wvcosbem 2 :1+vcosecm
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(@=3) & b

Corom (o) = 1—o? oo(6) = 1—w a?cos?(0/2) 14 v o cos?(Oem/2)
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1+vl1 14+v(l—-0v)? 1-0* 1
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W50 5 L
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em (fem) = = (E239) ®
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do 2(2 a5 2/ 2 50
a0 = 00,cm(fcm) <F1 () — 4]\22 F5(q,) — 2M2 <F1 + Fz) tan 3 (4.46)

K%, o 3R =LY« A7 7 —TEHBRERTHEOLRTOIRALITR S, FK
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ch s
e (p+q?® P
Bufana) = g [ 40005 = 0D 00 +al ~ k)3 (a0~ BT+ B
3 _(p+q? P
4k3/ @pO(p+al = )(qo oM+ 2M
272 %,

DD ¢ > 2k, DHERER D, p<k, THBEED pITHLT
P+a)°’>(p—q® >k

TH225 0(|p+q|—ky) =112725 (q<2k, DHFE 0(p+q|—ky) =1 D= p DFFFNCHIR
MoK Yo LEkdioT

37 (ke + q)2 2
Ri(q0,q) = 4ﬂk3/0 d3p5<QO— (ngZ) + 21;4*) (4.47)

2
q pq
T3 / dpp* / dté(q‘) M M*t>

ZZT
_M* q2
T\ 2

eBLlE

37 kp 9 1 pq 3ZM* kp 1
Ry(q0,q) = %3/0 dpp /_1dt5(m($—t)) = m/o dpp /_1dt5(96‘—t)
3ZM*
= g / dpp6(1 — |x|)

W5, |z <1 OFME 2 DERD S

q2

2M*

*

P > Pmin = ——

qo —

TH%b, LD 5T, puin < by DHE p ORISR pum <p < by IR B D6

B M*2 B q2 2
K2 \ 1 20

=75, Pmin > kp DHE RL(q0,q) =0 TH 2, DB ¢>2k, DX X
3ZM*

(i) (o)
- qo — - ’
Ri(go,q) =3 4ot &l 2M

0, Z DAt

3ZM* [Fe 3ZM* 3ZM*
Ry(q0,q) = / dpp =
Pmin

- =22 (k22 ) =
2k3q 1k3q (ko = Pmin) = 5

q2

2M*

kpq
M~ (4.48)

qo —

W25, BRI IILF — g9 = ¢2/2M* ZHDICIEDH kpg/M* TEE S M* BT 38 —212
7% ( Ry dIAKR ),

1983 FFICH v 7 L — D7 — X H3H % £ Tld, BEBRPEEELI M WS O AHNE 2, AE R
M* %58 2128 RN IR 7 = L I 4 A THHT %72 ( R. R. Whitney et al., Phys. Rev. C9
(1974) 2230 ), & Z A 2%, 83ELIRRICZ 2 &, EBFEE DM LORR, MoaWHEE? 5 2 D0 InE R
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B Ry, Rr Z0BETZ 2 X 51T D HEEIED o7z (P. Barreau et al., Nucl. Phys. A402 (1983)
515 )o P FOBHIADG D 2EET 5 L

Jo(q) = Ge(q)) /d3w exp(iq-z)Jo(x)

EITRETHDID05H
R0, ) = Gh(a) (Fu(ao.a))

point

kﬁb(&@m@> 13 (E2R) TH B, L7AoT

point

Rilq.q) 32 [* .
Cq:/dq = / d°p = Z, q > 2k 4.49
(@)= [do gz iz = i3 J, P (4.49)

Thb, ZhEr—arflewd, Cq))Z ODEBT -2 EL 3L, 2k, ~0.5 GeV T b FEER{H
E1 KD b/hE W (J. Morgenstern and Z. E. Meziani, Phys. Lett. B515 (2001) 269 )o %%

T, BETHOBR Ze Y ZHICHATLE =D LS5 TH 3,
4.7 TEEIEAEK

1 REE T F(q) DIGEBEK

Rla0.0) = 3|l F(@)0)] 8 — a0)

n

ZEGEMNTRD S, BT D IR FAINVM=T V% hy &L, hg DEAIREZ ¢, () £ T 5 :
ho 9o () = Eqpa(x)

BT IEHEA RIS D o @olx) 1& Dirac TREADMETH 2 AT A ) =V ThH b, HEEIRE |0)
THAEIN TV SIREE (ZBFLIRE.) & |h), IEHEDIRE (R TIKE.) % |p) TRT, |h) ITIEKKX
FTOREDED, Fl 1 KERETTHI05

2
R(a0,0) = | (oh F(@)]0)] 6(wpn —a0),  |ph) =alanl0), wpn = B, — En >0
ph

%, |h) FHREIRAETD 2203, |p) EHRMEIREZ I TR EFDRE S B 2, HWERMERGELD X 5
AR ) S 5, EHUIREE 2 IEHEICI D AL REN D 2, & AT, BIHEE L, Hkiric
21T % (ph|F(q)|0) KD p COWTHEN T2 ER#ETH 2, T2 T, UFDXS5CLT
|p) ZEERLS 22 ELARWVWT, TORBEX Z AT 2,

e—>+0DE = )

T F i€

1
=P—+ir
o Ei 5(z)

&b

2
phlF @O | [hlF!(@)0)]
Wph — qo — 1€ Wph + qo + 1€

R(qo,q) = %Imﬂ(qmq)’ (g0, q) =Y (
ph

FRHDOFEIX
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63

THD2H1H qo >0 TREG LRV, p OMZRE#T 27-0MATH L, 1 HEHET

F=> (alf|B)alas
af

Y5 (ph|F|0) = (p|fIh) THHH 5

Mg )= ( @@, @l @) )

vy Wph — qo — 1€ Wph + qo + 1€

R IRREDH = (EE DM — LD £ D

« 2 al £ 2
n(qmq):Z(K @l el @) )

oh Wah —qo — 1€ Wah + qo + 1€

-y ( @) |<h'ff<q>h>_|2>

v \Whh — Qo — € Whh + qo + 1€

o BETOREBIZOVWTHIZL 52, 2THOHE 1HT h & W ZANEZ DL wpp = —wpp TH

25
/ / -I—
21*5@%11E:_ZM Z!hlf

— — — 1€
hh' Wh'h o hh'

L7zDoT, 2fTHOE 2HH TBHLD W

e’ al £ 2
H(q(,,q)z<< @I [l @Ih)] )

— \Wan — qo — i€ wah+q()+w

Wh'p + qo + i€

W5, a MEETHED0 wan <0 DIFIEL, g0 >0 THHE2IHDEIRIX 0 TlERV, ZHIEE

LIHTAY VFRHZ 2 BB OGF G2 BHIT DI ETH %,
WWEBEBERD 225G, f REMEED 2 WVIERELETDH 205

{alf(q)]P) = /d z expliq-x) ol (2)Tpp(x), I =4 x 41751

ERED, Lo T

(g0, 9 Z/d?’xdg exp(—iq-(z —y))

ah

o} (@) Ppa(@) ol () Mon(y) |

y (saL(w)r*soa@) ehw)leny)

Wah — qo — 1€ Wah + qo — i€

= /dgf” d*y exp(—iq-(z — y))
h

(4.50)

< (@G @,y B+ a0)Pon(y) + [eh(@) TG (@, y B — a)en(w)] ) (451)

2L

(4.52)
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THd,

=Y ¢al@) oh(y) = (x —y) (4.53)

THE2HPE GRINTAINLNIZT Y hy DTV—=2EETH 2, FFHEMNREFKIC, G Z2TO
LIREERRE O ] (52) & 3B KB (C63) AT X 3, ZORBEMS & (E50) 56 LTk
W RZELIRIE ORI U CRE IR R % 5.

4.8 JU—2BE#
BBRETF BB TFORE (653) OF (i) 2 EFTE 3, hy ORBLXNEGKREX

N . um 1 I
Exx V¥ —fg E, cpz(;)( )= . P®u(p,0)

/\
~—
w
~
[

BIxVX—fE —E, @;;)(33):

(27'(')3/2 € U(pva)
THsDPb R=x—yt3sdL
(+) —(+ (=) —(=)
3 Ppo’ ( Ppo’ (T) Ppo’ (Y)
Cl@y: b) dp ( E, E—za Ly —E,—E—ic )"
3 —
_ p % 7 Ru(pv ) (pa )7 —1 ,R'U(p,O')U(p,O')
/( )3 E, Z( BB ¢ EBaiE+iE )0
ke .y 5o M
_|_ —
Supo)upo) = Y emo)ape) =L
2RAT 2L

3
G(a:,y;E):/dp i eip-REp+a-P+M’Y() _e,ip_REp-i-a-p—M'yo
(2m)° 2B, Ep — FE —ie E,+ FE +ie

F2ETp— —p EEEHEINT

d3p PR E,+ap+My E,—oap—My
G(‘BayZE):/(QW)‘S 2E, ( a

E,—FE —ie E,+FE+ie
ZZT
Ep+a-p+M'yO: +E+a-p+M’yo Ep—a-p—M%:  E+oap+ My
E,—FE —ie E,—E—ic ’ E,+ FE +ie E,+ FE +ie
THLE2HH

G(z,y: F) /dpE—i-ap_yM%( 1 1 )eip-R

Ep—E—i5+Ep+E+z'e

E + ho( ’p o " o
( + 0 )/2,“—)3 Egi(E‘FZ&)Q ) O(IE)——’La. I+ Yo
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W22, V& x \ZBHT % gradient TH 5,
3 ip-R 1 e’} 2 1 )
:/dp (& . :7/ dpp—/ dteipRt
(2n) B2 — (E+ie)?  4n2 J, © E2—(E+ie)? J_

/ esz
471' iR E E2 —(E+ie)?

p ipR
= — d— p
%R ) P k2 2iEe €

p=Qe? 3 2L
exp(iRQ cos — RQ) sin 0)

Qeif
EDsind>0%2520IIRT 2, Ledio T, O EIC EPHORERE Qe?, (0<0< 7, Q = o0)
EIMZTH KW, HifES R

ipR
oy B S e; _

k2 4ie, E>0

2

p? =k?+2iFe =
k2—ic, E<O

WKHiE b2, E>M DL E k=+VE2 - M2 ZIEDET p=+(k+ie) PMICHR 225, EPH
BB k4 ic DEBED I =e*R/(4nR) TH B, LizhoT

eikR oa-R i ez’kR

R (E+M’7()+ i (k+R>> R (4.54)
E?2 < M? D38, k=ivVM?2 —E2 3HERT p=+k»PWUC2 2, EFEICHEMHE OFKID
FrRICICR S, 272U e = VIP-EPR Gg 23, h2(x)=—-V2+ M2 THEHH

G@WLEZ(E+M@D

(o)~ £)ctoy: 1= (o) £) (55 ute) e = (22 ot = s

IR D (E53) WD ICH/2 T, 2B, Green B DR 1/ (wy — E —ic) 125 /N ie DERE
TOBREMEEET B0 1/ (wa — F +ie) 1 512 (I3) & 8 OfRb DIz e "R 1254 3,

BRMARTIvIL LRFAINLNNZT Y by BERMFZERT V> v L Vs(z), Volo) 25725

%:fmv+¢{M+%@0+%@

@t%@m—)ﬂ@ iRk
ﬂ@:l w(z)Vojm (%) g t-1 i=t-120rE (4.55)
T\ iv(@) Ve o (&) (+1, j=(+1/2Dr %
LB, T4 7y r RN
d .
%:7%%@H(M+%f%+E%@ (4.56)
d .
% =+ % v(r) + <M +Vs+Vy— E)u(m) (4.57)
7L

‘ 1 Y, j=L—-1/2Dt &
)2 < ) _ ) 4.58
kej = (—1) J+2 —0—1, j=4+1/2DLt % ( )
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2% %, (258) 26

_ 1 d Kej

ChE (@52) KRAT B ¢

(d_’%‘) 1 (d +’%>u($)_(M+VS+V}J—E)u(x):0 (4.60)

de 2 JM+Vs—Vo+E\de =
TH5,
FEiEfE 220D Eyu=2%+... £33
M+vs(0)l—%(0)+E<cZ:_ij>(i*?)‘”a‘<M+VS(O)+V°(°)‘E)C”””':0
2 d? kej(key + 1) 2 2
(dwz—xQ )w”—(<M+vs<0>)—<Vo(0>—E>)m“+~-—0
L7=23-T

ala —1) — kgj(kej +1) — ((M+Vs(o))2 — (Vo(0) — E)Q) 22 =0
= 0D EFH2HIMHATZ L2205
ala—1) = kpj(ke; +1) =L(l+1), . a=L+1,—4

JFACIEAN R u(z) /o =2+ EHBMT 2B ul)/c=2"" +... 23D, FETERREE

Fijm(@) = . ( -fej(x) yfjm(wA) ) o foj(x) @20, L (4.61)
T\ igej (@) Ve jm ()
THRT, (F29) 72 5 Koj =4 DL
(z) z—0 L+ 1+ kyj L 20+ 1 L
' M +V5(0) — V5(0) + E M + Vs(0) — V,(0) + E

kej=—L—1DBFE gy =0 RIS, ROF—X—FTRDZUENDH %, (B57) 25

e—0 M +Vs5(0)+ Vo(0) — E o2 M+ Vs(0)+V5(0) — E 42
042 — ky; B 20+ 3

ey

TH D0 Fojm(x) 10 LU TIEHERETOHREMHFEHRE LRV, E BRFAREOEHHICTE LW
B Fujm() 2225 0 17 5%, —RICIE 2 - co THREBES R fiy, g BEBBICTE 2,

HEIRIZ 2 >0 DX Vs, Vo — 0 7%51F (EE0) &

(d2 e+ 1) +k2) L[ VETE e
—_— u: 5 =
ivM?2 —E? E? < M?

dx? 2
1275, ZOMHHBROMIT I 20D, B v L VB jf, ne, 5 013> 7 VEIERS =
Jo £ ing EHWT

kajo(kz), kang(kz) F7203 kah(D(kz), kahl (k)
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LRE D,

BE) () = Eilp—(E+1)m/2) ’ (n+k)! (£i\* oo +i(p—(£+1)7/2)
phi(p) = e kzjk!(nfk)! 2% ¢
0

THE)PH (A7 ONEREIINMHNRLD ), SR SRR 2 B2 E 2T

1 Upj (17) ijm (:E) T—00 (+)
Ugjm(x) = — , ugj(xr) ——— kxh kx 4.62
tjm(@) = — < () s (3) ) 0 () o (kx) (4.62)

Y35, b (p) ODHE (£+£0)
+ + + + d 41\ & i+ d -1\ (&
= ) B = R N L=
o j=L+1/2D %

1 d Rej T—00 k +)
vej(z) = ML E (dx + xj) ugj(z) + M1 E kmh@ﬂ(kz)

=

27 %0 Upjm(2) WL TEFERTORAZMFEIFE LRV 2 — 00 T etk 2205, B2 >
M? OBE T E DERME, E? < M? OBEE 0 KRS 2 TH 5, B2 < M? T E HPR
HREOEEMEICHE LVEE Ui (z) BRATERTH 25, —IZFEATIEAZ 1R 5 720,
E? < M? O%8E, uj, ve; EEBEBITTE 20, E? > M? OBEIIERBEBTDH 5,

JimMTat TH2MR%E

o L[ g (@) Vegm(®) ws() E20 Lt
@ij( ) - ( ’L'bgj(l’) ye'jm(ii'> ) ) f]( )

£33L, (ho— E)p(x) =0 O—fERE Frjm(x) & Ppjm(z) DMEIEETRE S, E72

(+) 1 “g)(z) Vejm (&) (£), \ w—00 (+)
Uzjm(w) = (+) y o Uy, (x) —— kah, " (k)
v iy (@) Ve jm (2)

vr35e, ~MmE U (2) ¥ UL (@) OBEESTHEE S, LidoT

Lim Lim

Fojm(®) = AU (@) + BUS ) (@), Upjm(@) = US) (@) = C Fujm (@) + D Bpjom ()

Lim
*REZ, EDPFREREOEBGEII—RTI2H55B=D=0Td5%,
0YRAEXy
Wi = ugj(x)gej () — vei () fo; ()
v ¥ %y, (I5E), (E50) £ D

dej - dqu dg(j dvgj fej df@j

v~ de T q T dw T

_ [7%u”+ (M+Vs*V0+E)Wj}gfj+uzj {%g[j+ (M+VS+V0*E>]C£J}

KRyj Kyj
- [fwj—&- (M—I—Vs+Vo—E)WJ} fej — v {—%fzj-&- (M‘i'VS_‘/O‘i‘E)ng]

=0
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I BHE Wy WERTH 2, 7V — B (@52) 13
Gy B) = Y g (0 = )i (@) Fogn () + 00~ )P @0in(w)  (463)
YHRE D, 12U, Frjm, Ugj 3 AT DFTRZ b
Fojm = é(fejygjm - igejygfjm> , Ujm = i(uejygjm - ive]'ygfjm)

THbo foj, 9 BEBTD B0 Frjy = F),), THBH Upjm # U}, TH 5,
SEBH V % x ICBHF % gradient ¥ 35 &
a-Vi(x —y)Um(x) = 6(x —y) oc-@Upjm(x) + 0(z — y) a- VUpjm ()
a-Vo(y —x)Fym(x) = —6(x —y) a-&Fpjm(x) + 0(y — x) a- V Fpjp, ()
TH5056
(ho(@) = B) (@ ~ y)Ujm(@) = ~i6(x — ) ac-@Upjm (@) + 0z — 1) (ho(®) ~ E) Ugsm(@)
= —i0(z — y) - &Upjm ()

(ho(:v) - E)G(y —x)Fypjm(x) = i0(z — y) a-TFpjm ()

L7=DioT
(hot) - B) Gy - ) = i3 2 e (Ut (@) Fojon (u) = Fojon (@)U ()
lim J
¢ ZAT
0% Vijm = —Verjm 0-ZVejm =—Vijm

TH2H00 (HHEOLDEFEHFMOKEBEBORTIIER, £/, 0=y DAZEZNLEXIVDLS
(x) AW )

CiadUgn@) =~ L[ 0 o) ([ WY@ ) 1[0 Yim(@)
jm z\oxz 0 i Vo jm (T) T\ iueim(&)

o
- nyjm(i:)

- : !
—i 02 Upjm () Fojm(y) = 22 ( 1w YV jm (2)
£ jm

) (FYhn@) —igVh,. @)

8

- i _'Ufyéjm( )yfjm(A) Z/Ugyzjm( )yﬁ’]m(’g)
° Zuf y@ jm(i:)yejm( ) ’U’gyf Jm( )yf’]m(:’;)
usr fover g OBEZHZ 23R

—quViim y) i gv Vejm L (g
ia~:ﬁFij($)UEjm(y)_12( g om(@ )y@m( 90 Y@ )yhm(y))

T2\ Ve @)V, @) fo Ve @)V, ()
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L7=oT

(ho(w) - E)G(:B,y )

_ i)y L ((ug — 0 )Vejm (@), (8) 0 )
N el 0 (ug = ) Verjon (&) V] (9)
Mz —y) Vejm @)V, (5) 0
- zzm ( 0 ye/jm(w}jm(y))
- 5(“‘; v) §(&—9) =0(x—y) (4.64)

27220 Frjm OO DICFRTHRIT 28 &rjm, ZHWVTD (E53) 1 (B62) 27234, Z0HE

Gx=0,y:FE)= Z %ééjm(o)ﬁéjm(y)

Lim &
WHRET 2, —H, @) Tz=02F5%L
0w B = N 2a(0)2l(y)
G(m—O,y.E)_za:wa_E_iE
EHIRRE o, ZERTERTH 2, LzdoT, FATIERIRE Fyjp VRIS RV, —

75, Ui £ LT =00 T e ™ 23R UL ZHVTH Wb IES, BHHTO G(z,y : E)
B E>-M OBE

ikx

Glz,y: E) = (B + ho(w))

Az
12723 Dk FIRRIZ, AhA = BRI % 1272 3 3% I WRITER 570, [ |
G(z,y: E) &
P .
Owy: B) = Y eule)ohtv) (5 +indten — 0)

TH 2D, FNRZBMORERM, wy PEFEEE (w, > M) %2513 wy THT2H55 G 12
BERNIZ W, L L, REIREET » 2 BRI EIAEIC X 2R R G 1Ic8ing, (E53) T E 3k
WUTEIH I wo 12— BT BBYE Upjon = C Frjon BB 5 Wiy = 0 TH Y (E53) XFHT 5. I
B BIEAN DR FIRFE D F 513 Green BIEUZ W31

S| wlr@ [ s —a0). p= s AR
ph

ZEAERD UL K0, EFPEHGEL TIOEGERE D HF G ICH AN TEE TR R WO THEMRT 5,
BTFOBE, Vo(z) 137 —a YR RT Yoyl Vo(z) 280, 2 BIHHRKEVE ZATIE

Ve(x) = % o — RS E R
THBHH, 2z DB LTIEEICW- LS DEAD TS, Lo T, A EEREIEOREZ KD
& HHKTFORBBEK (E62) Tz, Mz —o YA ER VI DERH 205 L
nzw,
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4.9 AERR
WA ML EREB OGS, (Ea0) © i (@ED™) kb
2 2
I, =1"= Fl(qi) + ;g\(i[“) q-, F; =14 (4.65)
ThHd, F7z, ZZLIKEE on(x) 1F
1 fh(m> yfhjhmh(:i:) ) o HE ¥
on(x) =~ | o ) ; fu(x), gn(x) = FBIEK
z ( i 9n(2) Ve, jyymi (L)
B2, (E51) 56
Gn(lo, Iy : E,q) = Z/d?’fﬂ d*y exp(—ig-(z — y)) ¢}, (x)[w G(a, y - BT, on(y) (4.66)
S5, MEAMCERBROEE
(a0,4) = Y (G(lq: Ty s B+ q0,0) + (Gu(Tgs Tq s B =0, ~@)) ) (467)
h
TH 5 (h ODHNE my, UHOBETFEITONWTITS ), (EB3) 2S5 &
GhlluTh i Eva) = 3 i [ dy expl-ig-( - y)
m;/]m
% (0(z = )} (@) T Utjon (@) Fojon () Ty o0 (y)
+0(y — 2) 2}, (2) T Foymn () Ussn ()T 01(3))
127 5%,
o o, DEBHEBTHZ 2P AL =% xpn, £T 5L
Yejm = Z <€m€ %ms |jm>Y€sz'rns
THBHH05H
g . ‘ . (01
ZUyyejm = Z<€mf 5 Ms |]m>}/em[ 10 Xm
=" (Cmg Smg | Gm) (<)Y g (<12,
= Z m+1/2 f — My % —Mg |jm>}/€szm3
= (=)= (emy |5 —m) Vi, Xm,
- (_1)]+m—fy€j —m
0D Uy DB Up; 3 (0], = —0y )
1 .
Ugj —-m = ; u@]’y;j —m Zvejyg’j 7m)
i(—1)Jtm=t . : j+m—L ]
= O (w0 — 06V} 0l) = =i (1P Dy, (468)
Ul}:j —-m = { (_1)j+miéay Uéjm (469)
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Fojm , on OWTHE TR D D (¢, DEFRBBEBIIERTH 205 @L =¢@p )o L
72T, Bl 2

oh (@) Lo Fojm (@) = Fijp (@) 335 = (177" (=1 = By 0y Taoy 0,5y -

WZR2505
1 (@) Ty Fojon () Upjn (y) 1 F, ol (y) Ty Uy,
SOh(ic) al'tjm x) me b o (Y ij a‘Ph( ) hy) b fjm(y)
mpm mpm
7272 L

T =0, = (0,0,
LERED, 5

1
Gl 1y E,q)= Y W—f_/d"’xd%@(x—y)

mplim

x (exp(~ia-(@ = 1) £}, (@)L Ut (@) Fojma (W) Ty o1 (y)
+ exp(iq- (SC - y)) @Th(m)fb Uéjm(sc) Féjm (y)fa ‘Ph(y))
7%, 1ERBIR D RN

exp(iq-z) = 4m Y i*jx(q2)Yau(q) Yy, ()
Ap

PRATBE
Gh, (Fa,Fb E.q)
-t V@) i) [y 0t — )2 (a) v )
«( Ja Vi@ @1, Uisn(@) [40, V3, @uFon) T von)
FEDY [a2, V3 @)l @) T aUism(@) [a8, Y, @)0Foim )T wa(y)) (4.70)
TH2 (d2 FHEIZOVWTO/ES ),

. Fy .
Fq:Fl—zquq, Sq=ivq, X=X,

TH2H0, Ia=1, T =Y COVWTHERDZFITT %, BB, MEDHE T.=1, TH2H
5I,=T, DL %

_y e WZ ’—A(l + (1Y) Y5(@) Yoo (@) /dxdw(x—ym(qx)mqy)
/drz Y3 (@20}, (@) T Ut () /dny Y3 @)y Fein () Lo yon (y) (4.71)

12755,
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Ir,=101E48
Verjm = —0&Vojm THEIDDH

/dQY,\M x@h )xUéjm /dQY)\M (fh Uéjyghjhmhyijm + 9n 'Uéjyg/]hmhyé ]m)

= (fh Ugj + gh Wj) Chinmnl Yy, [€jm)

Bohr & Mottelson (3A-14) &b

) .. e ) . )
(rnal i leim) = G X =g ) a1 1)
e — 27+1 . .
= (=) Em Gimn =i A} (53 A0 LGn ) Piracs,  (472)
7272 L 1)
+ _ n
bo=——5—"
L7=2»-T
/ A0Y5, (#) 20} () 2Upym ()
(71)j)limh,7A ) . )
= m <J m jh —mp | A#) Pe"r)\—ehDOllt(h?g]?)\ : ZE) (4-73)
=72 L

Dot (b, 033 1 2) = /@A T D@ + 1) (55 A01n 1) (Ful@)ues @) + u()vey(@)) (474)
(6R), (E69) 25 &
/drzY;,xaz) By () (@) = [AQY5, (&) 20l () 2FL, ()

= (_1)jh*mh*‘€h (_1)jfmJ /d() Y;ﬂ ;mp;hjh —m, SEsz —m

]

(@) TU % F CEsHIE

AR Yy (&) 2 Fpjm () 2o ()

(_l)jhfmh*)\*# ) ) )
= m (Jm gn —mp | A —p) Poyx—g, Din(h, £j, A : ) (4.75)

(Y
(Y
A

Din(hy i, A+ @) = VEAF DRI+ 1) (55 2013 1) (@) fis (@) + gn(@) g (@) (4.76)
7, () < Y =

(_1)jh—mh—€h (_1)j—M—f(_1)jh+mh—)\<_1)j+jh—>\

— (_1)jll—mh—£h(_1)j—m—£+jh,+mh,—>\—(j+j}1—)\) — (_1)jh—mh—2h(_1)mh—m—f

THIH, mp—m=p, L+ \—L0, =B XD (—1)h—mn"A"r 23 5,
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r,=3, 0
. 0 ,o-q
Eq:Z’Yq: ( R ! q) , y@’jm* Umyé]m
—10-q O
THH05H
/dg Y (@)2ph (€) 2q aUsim (@) = fave; AV + gnug; A (4.77)
ZZ°T
. . o-qo-x )
A® = <lh]hth>\M{ 177 } [£jm)
o-ro-q
o-do-
= Z lh]hmh|YM|LJM><LJM|{ a }|£jm)
T o-ro-q
TH 2o (InjnmnlYy,|LIM) ¥ (B2) 2 5RE 2. X7 ML a OIRED %
a _:Fam:tiay o —a
+1 — \/Q 9 0 — Uz
s RS
a, =/4r/3la|Yi,(a),  ab=) ab,,  (axb),=—iV2(ad)q,
THH05H
A g id 471'
04od =g +id( 3 2 Yild) (Yiu(@) + VE(A(@) )y )
1274 %, Bohr & Mottelson (3A-14), (3A-22) 25 &
<LJM|{ oo }eym>
o-ro-q
4r w o limlv|JM) , )
=3 LY@ s ((BTIV 1) £ VE(LT || (o) 1)
[4m 25+ 1 (+) . * (A
= ngZHfL BejJ ;< Lv jm|JM)Y7,(q)
72l
B = (i 10[JL) £ (-1 111 d)
hbrb
125 +1
AE — Z )T Jh mp— P€+Zh+)\+1<J A0 | jn 2> é;tJ)
JMv
x(Lv jm[J M) (JM jn —mu |Ap) Y, (4)
CCGIRBUEMARZT (jmj, —mp| - ) XHRB ST B, Z2ZT
Z(ama bmyleme) {eme dmg|cme)
= Z V2e+1)(2f+1) (bmy dmg| fmy)(amg fmy|eme) W(abed;ef) (4.78)

fmy
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TH2 7 —FBW %25 & (Rose (6.4b), H %\ & Edomonds (6.2.6) )

S (tvim|JM)(JM ju —mn|Ap)
M

=Y V@I+DQI+1) (jm jn —mu | I M) (1v I Mp|Xp) W(LjXjn; JI)
IM;

W25 5

A® — Z

AT /BRI

—1)In—mn—A . . . /A
) Prcayoner CEEN (i m gn —mn | TMy ) (1w T My | Ap) Yi(d) (479)

=L

Chohr =Y VR N+ D(2j + 12T + 1)1+ 1) (J L X0|jn &) BY) W(LjAjn; JT)
J

=> Ve X+ D2+ 1D)2T+1)(2] +1)
WA TD{T 3 A0 15 3) (G5 1017 3) & (-1 712V2 (5 —1 11]J})) (4.80)
TH3, () % @) KRAT 2L
/&nyxiﬁuﬁ@gz;xygm@w

hmh>\

_mh|IM><1V M ‘ )\/U’>Y1*u(‘j) Sout(h7£j7>‘7l : x) (481)

7oL
Sout (h, €1, A1 = @) = O ful@)ves (x) + Ci g gn(@)ues () (4.82)
Sin(h 05, A T 2 ) = CL L (@) ge;(2) + Chighg 9n (@) foi () (4.83)
ThHbd, —1

/dfl Yy, (2) erjm ()X zon(z)

= (apr e )t 40V, @) agl, (@05 0y (@)

Jh mp+I+M

= - 4‘4‘4‘4‘4‘*(jﬂ1ﬁl—WM\I—JWV<1va4|AM>YﬂO@
ey
PZ+€;L+X+1 Sil’l(h’v é.]a )\7 I: x) (484)

Gi'(E,q) = Gn(1,1: E,q)
(B=7), (B=73), (B=78) & b

™ 2 ’ ’
Gl E.q) =) (3}2 (1 (DY) 0(@) Yo (@) / dz dy 6(x — y) ja(qz) j (y)

(_1)jh—mh—)\

T jr =M A P, - Dou h7£’,)\1$

Ar(2A + 1) {(Gm jn hAw) Prya—e, t(h, 4] )
X (_1)jh*mh*)\’,p]’ < im i, —m |)\/ _ />p D (h i\ )
47‘((2)\/ + 1) J Jh h K 14X —2, Yin( L, £, ]
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ThH b,
S (Gmgn —ma | Ap)(Gm gn —mu | XN =) = xn 6y
THHBNH
Prix_g . .
- QZ Wﬁj L 2\ 1(_1)#Y)\u(q) Y)\ —;L(Q)
x /dw dy 0(x — y) jx(qx) jx(qy)Dout (h, £, A : ) Din(h, €5, X : y)
o 22 +1
. . +
;(*1)‘%#(«1) Yaould) = =
)

P,
Gil(E.q)=2)  — /dxdyox— Y) 32(a%) jx(qy) Dout (b, 5, X = @) Din(h, €5, ) - y)
2PN

GI°(E,q) = Gn(X,,X,: E,q)

(4m)? s 14+ (=DM
Gi7(E,q) = — i P, P, :
w(Ea) Z Wi, 3/@rt DN 1 1) L A1 00, X 41

X (=) FM =X G Gy —my [ TM ) (jm g, —my | I = M)
X(Iv IM|Ap) (1 T"M"| XN 1) Yo Yo Y7, Y,
< [drdyO(a ) in(a) g lan) Som s 5.0+ ) S 5,315 )

m, mp WOWTHIZE R T =1, M' = -M 2505

E (1 Z)2 A=A 1 ( 1) A
G7° .E‘7 = — (3 F F ’
h ( q) ”Zj 3\/(2)\ -+ 1)(2)\/ + ]_) EHbn AL b P AT

X (=DM IM A p) (1 T =M N (/)Y Yo, Y Y
X /dxdy&(x—y)jA(qx)j)\/(qy) Sout (M, €3, M T = ) Sin(hy L5, N, 1 = )

ZZT

Sl G £m) Ve, (@) Ve, (@) = \/ et (00 120] 00} (@)

mimse

ZES

; [2A+1
S (v IM[Ap) Yy, Ya, = 21+1Z 1 —vAp[IM)YY, Yy,

pv
1 [3 2x+1
= (—1)*1 EQIJrl(lO)\O\IO}YIM

320 +1
= (=M1 = T010[X0)Y,
(=1) 47T2I+1< [A0)Yim
, 32V +1
1V T —MININY, Y, = (=N 1 /2= T010[N0)Y;_
> (1w X i)Yy Yae = = (DN - IO 10X 0) Yy

H/ v’
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W2 252H5

Gy (Bq) = -3

. /7
Z/\ A

W,

(14 (DY) Pertyiasa Prosans1 (10 10| A0)(T0 10| X' 0)

(71)17/\ /dCC dya(iﬂ - y) jk(qx) j)\’ (qy) Sout(h7€j7 >\a I : Z) Sin(h7 Z]a )\/7 I : y)

CGRREID MN=T+112R325 N -\ ZEETH 3,

A+ Z-IfA'Jrl _ i21+272>\+>\7>\’ - (_1)14\2-)\’7)\
TH5H05H
Ja(hy g, 1 cx)y =" " 2NT010|A0)jr(qz) Sa(h, i, \ T :x), o =out, in (4.85)
A=I+1
Bl
P
Gio(B,q) =2 —t2 /dxdye@c — ) Jous(h, 04, X+ @) Jin (B 5, < )
Wi
TH 5,

Gilla(an) = Gh(]-?Eq : E?Q)
Geo v ARCIT R
1o _ (4m)* y_a - - N .
GI7(B.@) =D =i " You(@) Yoo (@) [dwdyO(x = y) jale) s (ay)
J
x ( a9 i@k @) 2V (@) (42, Vi @uFism (W) Zy von(w)

+(=1)N /de Yo, (@)a), () Sy 2Upjm () /dﬁy Y30 (@)Y Fejm (y) Wh(y))

PZ+Zh+)\/
= —72 dxdy0(x —
> W, yO(z —y)

% (73(02) Doue (. €7, X 5 ) 2 (X0 10 N 0} (g) Sin (. £, X', A 5 )
+ 30(ay) Din (B, 61,0+ y) ¥ (A0 1O N 0} (q2) Sout (b €5, X, A 1 7))

) Poio,+x ) o L
= — Z TZ /d:r dy0(x —y) (]A(qI)Dout(h, i, N x) Jin(h,lg, X\ : y)
+33(ay) Din(h, 63,3 y) Jous (h, €, - 7))
—)
(4m)? A=\ . N . .
Gh(Zg,1: B q) =) W, U (@) Y (d) /dw dy 0(x —y) ja(qz) jx (qv)
J
X (~1)¥ ( a6 Vi @)k @) aUtin(@) (42, Y0 @3Fism () Zyvon(w)

+(,1)>\'*>\ /de Y;‘“(ﬁz)x@;&(m)ﬂq xUpjm () /de Y/\*,“,(g})yﬁgjm(y) ygoh(y))
(AO10|NO)Y D N -A=4+1TH305
Gh(Etpl D B, q) = 7Gh(172q : an)

7%,
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4.10 HEEEROBERD
F 2
(BD8) TERL Iy 13 Iy = Fi(q),) —iq ;(Aq;) 5
Gh(qu) = Gh(F—anq : an)
=F2GH - quFlﬁGk + ¢ <2]\24) G7
P, . .
=230 e fasdyo(a - y) [Ffmxwom(x) 72(a9) Din(y)
J
F:
= aF15 2 (7(02) Dous () Ju(y) + 2 (@) Din(9) Joue ()
2
( > Jout 1n
P,
=2 = [ dy (e = 9) Kous(ho .35 ) Kin(s 5.0+ ) (4.86)
772U
Ko(h,lj,\: x) = Fijx(qz)Do(h, bj, N\ x) — q;jw Jo(h,lj, A 2), a=out, in (4.87)
THb, Gh(I'—q,I4: FE,q) i3 q DAIZZMKIFELLVD S
Gh(lq,I—q:E,—q)=G(I'_q,Iq: E,q) =Gr(E,q)
THb, Lo T, (BEma) KD
(a0,0) = > (Gn(En + a0,0) + G;.(En — a0, ) ) (4.88)

h
9, (I=0) 0 2 BESEFETT 52 LTk b,
Kao(h 0, o) QEAEH %K 2, (I30), (152), (E53) 55

Jout (N, €5, X = ) Z ir ’\+1<)\0 10| N 0)jr(g)
N=A+1

% (Chihn fu(@)ves @) + Ol g @)y )
7272 L (E=0) &b

Cithn = D VRN + DA+ 1))+ DT + 1) W(LiNjn; JA)(J & N 0] §)
J

< ((3310178) + (-1PF72Va (5 =3 11]7))
ZZT
(L:)\/, b=1, c¢=jn, d=j, e=A, f:J
R

Cﬁ&kf§:¢2a+ )(2d + 1)(2e + 1)(2f + 1) W (bdac; fe)

X<f% a0led) (a5 b0If5) & (=)™ 12v2(a ~L b1] 1 1))

= (—1)*"T /(20 + 1)(2d + 1) Y /(2e + 1)(2f + 1) W (abed; ef)
f

x (a0 fEled) ((b0d3If L)+ (=)™ 22 (b1d ~3] 1))
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(B=®) & b
hejx,\ Detbtd=e /(2a + 1)(2d + 1)

a0b0e0)(c0d}]cd)+ (-1 2Va(a0bl]el) (eld ~}[c}))

1N 2N +1)(25 + 1)

= (=
((
(=
( (N0 10[A0)( A032yh2>i(—uf“—ﬂ2v5<Xo11|A1MA1j-—%uh%g
= (=N M/ A+1)(25 + 1)

(= (A0 TOIX0)(G 5 A0 |jn ) (1 2VE(A —1 1L [N 0)(j — 4 AL]jn})
N=X+1&b (~1)V M1 =1T»H%, Bohr & Mottelson (3A-23) 2> &

Chiva ==V F 1@+ 1) (53 A01jn §)

2

<<A010|X0>i ALX+1)<A-_111'XO>«_1V+“+AKh_KM)>

ZITRIZESS) TERLEDDTH B, (+0,+) =B ODBELIEZ D5 (—1)H0hT =1
THb, LEdioT

Jout (s €3, A ) = /A + 1)(27 + 1) (j 2 A0]jn L)
x (A9 (@) ful@)ves (2) + dO (@) gu(w)ues (=) (4.89)
7L

dB) (@) ==Y MHFHA0 10X 0)
)\/

X <<A010|A’O>i X(;%ES<A —111|A%w(ﬁh—-ma)>jx%qx)

(A —m 1m|N0) &
A/

m=1 m=20
A A+1
A+l \V2er+n  Var+i
/ )\—i—l /
A—1
2)\+

THENE(A=0DLEN=\+17%1F)

d®)(z) =

QAlJr 1 ()\jA,l(qaﬁ) — A+ D iasa(gr) £ (’Wj - f%h) (jxﬂ(qx) + jx+1(q:v)>)

ia(p) OIEHE (A #0)

. d A+1) . ) d A\
(2A 4 1)jx —P(J/\ 1 +]>\+1) Ia-1 = (d-i-) Iny Ia1 = (—+) Ja
P p dp p

&b

d® () = J@mi(wf—m)ﬂ@@ (4.90)
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A=0DBHE (GIA0[jn ) 2B j=js THY (+ L, + A= XD (=0, ISBBHS ry =k
THB, LEAoT, (@M EA=0 DL ZHE Yo, (), (E57), (E59), (I90) 75

Kout(h, lj, A1) = /(2A+ 1)(2j + 1) (5 2 AO|jn ) Loue(h, £, A : z)
7272 L

Lowe(h, 01,2+ 2) = Fy ja(g2) ( (@) ey ) + gn () v 1)

— qQFT\QJ {J;(QI) (fh vg; + gh uej> + (wj — ﬁh) j)\;‘ix) (fh Ve — Gh ugj)} (4.91)

[FAkEIC LT
Kin(h g, A1 2) = /(A +1)(25 +1) (5 2 A0|jn 3 ) Lin(h, €5, X : 2)
Lin(h, €5, A= 2) = F1 jx(q) (fh(w) fej () + gn(z) gej(w))

_q% {ji(qx) (fh 9ej + 9n f@‘) + (,% _ ,{h) jxéix) (fh o — gn f@j):| (4.92)

THbo Lo ZRHVWIIZE
P,

Gn(B,q) =237 S22 A+ 1)@+ 1) (53 201 })?
J

x/dx dy0(x — y) Lout (R, €5, A : ) Lin(h, €5, \ : y) (4.93)

Fy kej — K
A1(9U)=F1<fhuej -h%w;)-ﬁ CARL

(fh Vej — Gh Wj) , Ag(r) = %(fh Ve; + gn uej)

Bi(xz) = Fi( fu fej + gn g£j> R (fhgej ) fej) . Ba(x) = £<fhgéj + gn fej)

oM =z oM
LBy
Low = in(an) Ar@) ~ P g,y 1y = i) By ) - P
TBBME
I:/@Myﬂx—wLwﬂm@Ju@LmMJﬁA40:Iy+b+Jg+h
772 L

L - /dm dy 0(z — y) j(qz) A (@) (ay) B (v)

15=‘j/”dyﬂx—y)@EfmAﬂwwﬂmﬂBﬂw

djii(qy) Bs(y)

L= /da: dy 8(z — y) ja(q) A (2)

= [asdyoe - ) P 4o I
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TH b,
- Jawistanz) ([ - vistan )] fazistan) ot - 1) aa(o))
O(—y) =0, Ap(z) =250 TH 225
I = [ayin(an)Ba(v) [do ir(an) (5 — ) Aa(o) + 0l — ) 25(0))
— [do (o) As(a)Ba(o) + [drdy e — ) la) Ay(o)ir (@) Ba0)
127 %,
= = [t istaa)no) ([o6c ) it Ban)] " = fanin(an) 300~ ) B))
Oz —00) =0, Ba(y) 22250 &b
b= [dz Fq) A1 (@) Ba(o) + [dadydla ) dr(aw) s 2)is(a0) By (o)
THs, FERICLT
/dx] ” 97) 4 /dxj,\ qz) Az /dye Ba(y)
/dxj )P 5 (2) B /dm qz) Ay(2) By(a)
" /dxdye@c— ) 3 (g) A5 () (ay) B3 (1)
— 5 [dn3ae) (Ao ~ [do () Ay(a)Balo) + [dody o — ) laz) Ay(ois () By )
L7doT
1= [y~ ) n(an) (Ar(o) + 50 ) s () (Ba(o) + Bi(v)
+ /d:cji(qx) <A2B1 — A1By +

@@—%&>
2

W27 %,
Mﬂ@:M+%@iOM@—@

L35k, 747y EA (E50), (B51) & D
%(fh Vg; + g uzj) = (— ithh + M- (Eh)gh) ve; + fr ( vg; + M+(E)Wj)

Ryi — R
=24 - B (fth hu/]) + 2My frug; + 2M - gpuy;
772 L
~ My (E Mi(E FE+ FE
Ny = thi()M+%Mi<%@ - ﬁ
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Zhrs
M M_
Aout(h,lj 1 1) = Ay + Al = <F1 + M+F2> True; + <F1 + MF2> Inv; (4.94)
. M M-
Ain(h,lj : ) = By + B) = (Fl + M+F2> Infei + <F1 + MF2> Ihge; (4.95)

ThHb, 57, A, BDERNPS

F Fg KRy Kp
AsBy — A1By = B (ngég ijej) < (9n fh) jmfhgh)

AyBl — A4B 2% Kej — K y y
b B e <2> (uej% - ijej) ( o - " frgn — My f? + Mgi)

2 2M

PEd o

= /dx dy 0z — ) jr(g2) Ao (h, £ - )2 (qy) Asm(h 6 - y)

F: , F. ~ ~ Kej — Kn
Wiy farRe0) (B (7 - aB) + gy (W0asf - Bt + "5 g ) )
W27 %, LIehioT

KEA . . .
W(E,q) =2 ;if A+ 1)(25+1) (53 A0 |4 3)?

x /dx dy 0z — ) jr(g2) Ao (h, £ = ) (qy) Asm(h 6 - y)

- MQZP€+&L+X CA+1)(2+1) (G5 A0|jn3)”

F, — Kn
X/ﬁﬁ@@<ﬂﬁﬁ—ﬁ%+M4@Lﬁ/AL%+K@ mwa) (4.96)
1 E=ED MEEHTHY ImG, WKEFHFS L0k S, Mt mINEREE

1 — —x
R(qo,q) = ;Imz (Gh(Eh +q0,9) + G (En — qo, Q))
h

7oL
Go(.@) =230 T (A4 1))+ 1) (7§ A0 )?
[ dy8(a — ) () Ao €5 )i () i1 5 )
1275,

AR DI BIBAEK fr, gn R OFCIERIRIR foj, g0 EEBBTH 2. — 15, ugj, vej 1& E? >
M? DBEEERCR S, By £ UTRETIZES LETO SERERZ T 2RI BE E, = M —¢p,
(0<epn < M) BIZ2D2H

qo>¢en D E ImGy(En+qo,q) #0, Qo >2M —¢c, DEE TmG,(Ey — qo,q) #0

Thb, WEHEBELTIE o< 2M TH 2015 é;(Eh —q0,q) DHFEEFIEFEZ R TEW,
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xeo MTmnEREK
1 _
R(qo,q) = ;ImZGh(Eh +40,9q) (4.97)
h
—= Poio,+2 . . .
Gun(E,q) = 2% W, @A+ 1)(2j+1)(j5 A0|jn3)?
< [ dwgalan) s (1, 5 ) [ dyin(a) (B 85 ) (4.98)
0 0
772 L
Aout(haej . 33) MJr U@(.’IJ) M* U[j(.lﬁ)
— |+ ZER Fi+-—F
A(h, 0 : ) TS R I Gl R 7o) KL
5 E+E
My =M+ Vg(x) £ (Vo(x) - 2h> ) Wej = () gej(x) — vej(x) foj(x) = EE
Fy, F> 1% (B29) ~ (B30) THE X 6N 5, (u,v) = (wj,vef), (fej, g05) (&
du ke B dv gy _
== xu+(M+Vs Vb—i—E)’U, = xv+<M—i—VS—|—VO E)u (4.99)
_ l, i=(—1/2Dk &
g = (17 (4 5) = ey
2 —0—1, j=(+12Dr %
DfRTHF A
ug; ~2% kx héﬂ(kzx), vej(x) 2% F i Ijr 5 kx hﬁi)l(ka:) , j=4+1/2 (4.100)
=72 L
. E? —M?, E2>M?
| MR —E?, E? < M?
EJ S
20+ 1 . .
xt, j=£-1/2
R R M + V5(0) — Vo (0) + E
o = 0, g+, 90 0 5(0) = Vo (0) (4.101)
20+ 3 »
R VAR NS
4.11 FEHE
74 7 v 7 N (EW) 13 X () =u(x), Xe(z)=v(z) £ T 5L
dx dx
= RX X x), = B(Xy, Xy )
772 L
, M+ E + Vi(z) — Vi
F1(X1,X2,$)=—%X1+ ks ;C(x) o) Xo

M — E+ Vs(x) + Vo(x)

X
he !

Fr (X1, Xo,x) = %X2 +
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1272 %5755 Runge-Kutta IENHEATE 3,

RIEREDRBBEH EFE

BEHE E, ORDF T 2L T 4 v H—HBEROBELARTDH D0 wmin < 0 < Tmax DEIFTHE
(¥ 3%, EZ5ZT, #Y2HPHR 2 £T 2 25 o ZHEMZETESLNDS fi(2), gn(z) %
f<(E,z), g<(E,x) ¥ L, Tmax 2*5 © ZWP S ET 2, FTHROTKE S fi(2), gn(z) & f~(F, 2),
g=(FE,x) £ $5¢k

W(E) = g<(E,$m) f>(E7$m) - f<(Eaxm>g>(vam) =0

X% E BRDIZNE, THD,
T = Tyin COWFEME (EOm) TH 5, KIFEREOHE E, <M TH205 k= /M2 - E?
rEERBYT Y, (am) X b

Fu(@) Z22% ika h{P (ika) = e ho—iHDT/2 (1 4oL

—00 ik + k —kx—i T
gh(x) :t M T E Zk(E hé$)1 (Zk.’l?) m@ kx (é+1) /2 (1 + e )

THBE3DND, T =Tmax Tl&

&35, Bkgix

THd,

&% (a1om), (a10nm) DR
T = Tymax COPIASZMFZ (ETm) ¥ U 2 2D XL T 2 TTRITIZ IV, BToBE, Mk
7 —a Y EBEBEIEEICHWEIRNETHZ, LoL, ZORDDIC, rpax & KEIREZ KD
BBEDHELIZIAND Xpax LT ( Xpax > Tmax ) DM TOEE

w=col(o-450) (-5

THEBLUT, 2pin <2 < Tpax PEATZMHES DTH X2 A 5, BFEMA (Om) Ol © = 2w
TOUASZMt % (Eam) ¥ U 2 ZEME LT 2pa TTRD 3,

(z9R) O
(9R) 1%

o Amax

OB =2 37 T 0 g )25 1) (4 A0 §)?
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THlIlRxN 2, FH1 X205
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rB 3,
j=l+1/2Dr %

20, — 2jp + 1 20, +2X = 2|5 — A +1
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TH2, >0 THZEDTIE 0 < (by + N)/2 THEIFIUISE SRVA

€h+A72@+QA—2Uh7AL+172UﬁfA|71>O
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TH 206 HEIWIZIH 723,
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1, jp=1I—1/2
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4 /2, jn=1,—1/2

. Lo T npin = {
BERH R LT B/ BB BUID Tz sns
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MNmin =
4

3T LW,
j=0—1/2Dr %

20, — 2, — 1 20, +2X=2|jp —A| -1
nmin:fgngnmax: 4

THB, (>1 D n< (b +X1-2)/2 Th5,
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2 4 4
L7=MoT . N9
+ - .
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n =
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9 _ —1/2, jn=1Il+1/2
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12755,
2B/
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z % Ar DRIATHH LT
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L LAz &

K-1
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k—

G g°+g’“ Z (4.102)
=1

THb, k DEZONDIHIT jIZOVWT E—1 $THIZ L 2D3IFFEICEETD %,

gk—1 + gk gk—1 T gk, 9o+ gk—1 go + gk
B Gy = T +Z 9 =" +Zlgj—Gk
J
L7235 T, b=
G _ 9k— 1+ 9k
2
RO IV, EIm) Z2HWESGE T 2RO 2 DICBERMOERIE K2 OF —X—TH 37,

R E2HVVRIE K O —& -2k 3,

GOZO, +Gk71 (kz]-)

4.12 I—0OYViEEEK

Z—mYRF YT Ve(a) B 1)z T@- L DIRD T 5, LidioT, HETICH LTI, Bl
R o fig () 1, Hl21E ¢ ~ 3R BETHIFFEIT I WVIELUTR 223, BFFInt LT, » % M
WRELEHRVE (0O0) (& KWV BURIZIE7R 5720,

fiFEiR 7 —a Y RT v v VORNIRZRD %, (E58), (E52) 1IZBWNT

o
DGE

U Ry 4+ (M_ZQCOerE) o(z), B o)y <M+ZO‘—E> u(z)  (4.103)

dx T dx T T
T—o00 DL E p p
u v
THHH15H ) )
d*u 9 d*v 9 _ 5 5
d:vQ__k CogE T kv, k=vE -M

LEdoT,u v &dIZ et 22, =/, 2—0TE

du Kej Za dv ke Za
—=——u—-—u, —=—v+—u
dx x x dx T x

WR2502p6,u=Cix*,v=C,z° 35L&

(a4 kKe)Cy = —ZaCy, (@ — Ke) Cy = ZaC,,
N g7 85
a==+", v = /K — Z%a?
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dGy dG
p (S + ) + 0k ) (G + G
1 E+mC, 1 m C,
_2(1 ik C) G- 2( ik C) GHZO‘*(Gl G2) =0
L7DoT
ik | E—M
C”_E+MC“_ZV E+MC“
IT5L
dG dG . Zak
(dp1+dpQ)—F(’Y—Fjo)(Gl—FGQ)—pGQ—FZM (Gl—Gg)ZO
FREICL T, 2BEHOR D S
dG dG Za
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ool £Z%2 Ut
dG
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dG . .
pTQ—F(’Y—’LV—p) Ga + (kej —ip) G1 =0 (4.105)
722U
_ Zak _ ZaM
v = k 9 :u_ k
DK% p TWMITL, dGs/dp IZH2XZHKAT S L
d*G, dG, ;
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[FkkIC LT ,
G dG
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0
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ThHd, HDWVIX
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Y53y, MR 200y LT
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ERALTS X0,
JERR R T Ab A Z BRI ehe 12/ 2%k 5, (EO08), (E102) OfRr LT

Gi(p) =C1U(y+iv, 142y, p), Galp) =CoU(l+~y+iv, 1+2v, p)
BEZ D, bk (1) WAL (13.4.23)

in(a,b,z) =a(l+a—0)U(a+1,b,2) —alU(a,b, z)
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ik
= —p/2 v ; (e — .
v=marCue p<UW+4%1+2%p) (Kej HUUO+7+%%1+2%0D(4N%
127 5%,

Handbook of mathmatical functions (13.5.2) 7» 5

Ua,b,2) =2 %g(a,1+a—b,—2), 7L gla,bz)= Z %
n=0 ’
TH 5,
p~ " =exp (—ivlogp) = eXp(—iV(log 2kx — i7‘r/2))
b

uw = Cue—m//2ei(km—ulog 2kx)
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T ExM
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u
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’ E+M
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u
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S.-J. Lee et al., Phys. Rev. Lett. 57 (1986) 2916
C. E. Price and G. E. Walker, Phys. Rev. C36 (1987) 354
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5.1 Dirac—Hartree 5 23{
Dirac-Hartree 523
20707y LELT
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"
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7L
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ZIZTU R
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THhH
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2 2
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iz, 72770

pa=D Wit =Dt p =Y R, T =Y

TH53,
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L

¥ 3% ¥, Dirac HFERIZ
M*+U —iP—iV f o7
—iP—iV —M*+U ig | \ig
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SFD

7%, BURILR (o) TEMLT
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Bk
A((l—;)/ Paa’ + Vao/ fa’ fa
> —E (5.1)
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7L
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HIE
2 Xt 77 AR E) T O [E A BIEU
V2 eime _
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) 00 | !
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R

b2 0 n!

z EASEN PR 2 FAIRED T D 35 &, IENBIRU

2 eimap 2
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Th b,
AT AY ) —IL

Z2WMDAE = |a) ZHWT
()= fala), g(r)=> gala)

CEHT 5, 72720, a={n,n3,mms;} &L T

2 zmcp

ja) = b3 nm () Pns (€ )\ﬁ |ms)

kgL 5

S(r+g2)=1

[e3

ThHd,

5.2 1THEXR

P OITHER
MEEEE r oo,z 235

sin
Oy = cos O, — k4 9084,;
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2 T 2
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cos
0y =singpd, + ('08

ThHLE2HH

DITHNE R

+ 6n3né (5m+1 m/(srnS m;+15n3nf3 Cnm n’'m’ + 5m m/+16ms+1 m’q Dnm n’m’)

W27 %, 72721
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Cnmn’m’ = / dq an (8r + > Rn’m’ = 7/ dq q_1/2 an (2(1 + m/> Rn’m’
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oo / 1 [® d
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R A RN
1 /
Bngné = g ( ’I’L3 25713 nf— V n3 6713 n3+1>

%%, £le,m' =m+1 0L &

1
g(\/ﬁ6n’n—1+vn+m+157n/n)7 m >0
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TH5, (64), (53) OEHIXTER,

AT vILOTHESR

B FRERET 2 & Ur) EAE o WIRIELRWV, F72,U(r,2) =U(r,—2) TH 3, HEIZ
(egq/264<2/2)2 = o (20)/2,~(V20)?/2

WS 20 5
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(a ‘ M*+U ‘ a/> = baa'M 4 Omm: 5msm,§ /dq dC Rym (q)Pns(¢) (Us £ U) R"'m(q)¢"é ©)
= daar M + Srmm’ Omym: A (nng, n'nf;m) (5.6)
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A
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VIRt [qge gm0 1 ) 1) 29)

THbD,. m>0F5L
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E&ELER
J, eV T AR EVETFRTH S,
Jola)=(m+ms)la),  Pla)=(=)""]a)
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THb, AIDTD, FIZIX mo+n3 E%VT 4 +1 DL X even, —1 DL E odd 1T ZHEERZ
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5.3 Klein—Gordon 52z
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Z D 5 Klein-Gordon 72
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EVWHERICEHTEZ 2025
1
Pnns = 271_ b2 b 5 Z Pa’ a”(sm m”6m m”L (n/)n//;n) H(ng,ng',ng)

o’ ol

Paar & BARINCIRENBIRL D BRI TR T &
O%)aa/::ZE:(fénf“) 93)93))7 (PB)aa/ngE:(f( F9 4 g S))

7

(p)aer = D7 (14D 4 900980) . (0o = D (1)i (210 + 9001
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