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1 BEfr 1

1 HEfY

RYHEWRS £ EREPTANVF - DHRMITBEEUTOb D2/ S,
e BT RIOHMELTfm (Z7zLItimd) 2005, 1fm=10""m
o TXIF— MeV(XT, XHTEFARNLI) =100V, GeV(¥ =7, FHBETHRNL ) =107eV
e HE mc® ORI [ZANF ] CRDE2D0 m & [THL¥—]/c? TERT, BT ( proton ),
S ( neutron ), BT ( electron ) DEEZ ZNZEN my, mp, me £T 5L

m, = 938.27TMeV/c®> ~ 1GeV/c?, m, = 939.57MeV/c? ~ 1 GeV/c?
me = 0.511 MeV/c? ~ 0.5 MeV /c?
o BENE HE x EHE O [TANLF ]| TH225, #EL LT c ZAVWVCEHNREY
MeV/c % GeV/c T&RT,
o V—OVRTUIvIL HZERTOEM Q, Q: M7 —m Y RT YL V(r) ik
Q1Q2

r

Vir) =k

THY, HBIER ke ZHVZHBARTRLR S, A MKS BARTIE ke = 1/(4meo), CGS #
BHARCTE k=1, 8L Y AL A FRMRTIE k, =1/(4r) TH 2, &z EKRE
HEeHMNTRDL,Qr=¢cq, Qu=cqp T 5L

ahcqgiqs k.e? 1 1
vir) r 0 YT The T 13704 137 (1.1)
W5, MATLDEM o THHEBEERE VI, EXER e DHEIFHEMNRTRER S, a &

BRI S T2,
TITCHZ% o, BERDOELEKR T
hc = 197.327 MeV fm =~ 200 MeV fm
BEITBIRNEHETH 2, m, h, 2 2% mc, he,a TRTEIICT 32, WHEDORITLM
FEMPHHEICKRE %, () T V(r) & he/r 1 [ZA1VF =], ¢ 3BT TH 205, o I3XITT

Hb, BTOR—7H¥F ap 1
_dmeogh®  he 200 x 137

ap —

~ 5 —
e TS o5 fm 2 0.55 x 10° fm = 0.55 A

TH b, hef/(mec?a) RHIZEIDRITICKE S Z L EXBEBITHDP 5,
FRT TP TIE R cDERTTh=1,c=1 &5 2BEABA ( natural unit ) Z X  fifi5,
COHMRTE [ZALF -] = [HE] = K]~ = [R]71 ek b,

1.1 BT BBFEOEES 1fm O 27— Y ETF V> v LR MeV 20, ¥72, B FRICE <

Bhvr—mryjolzke X, ENEBIEG/he=06.71 x 1073 (c?/GeV)? TH %,

h—Qa—Q ) hg PDIZINVF—DRITIZIR D Z L R,

2m Ox? ot

1.3 EHEpEZp="1hg &35, ¢ DXILH [RX]"L k3 %ERE, p=500MeV/c DY
= g X fm—t 2

1.2



2 BFROKESE 2

2 BRFREDOKETS
2.1 HHAFICLBZ YT +— REEL

B Zae DBV A HEF Zpe DBRWAF B D7 —a Y ic X hELS 1L 2 ME 2 L)
FTEZS. BbADPONZRIZM, BEVEDFHFACHLELTWS T2, ADHREZ m, (LB
RZMVEr TR, A OEHLERAR

mo = (e, f0)="5 J.=Zaznane (2.1)

L, r=rl,e, =v/r,o=7TdH53 (" BFEMITZXDLT =2 -1 Y0DiL5 ), LOoWLL »r
DR MNFEE LD, r L e, X3 FITTHE200rx0=01CR5%, s, AEBE L = mrxv
DIRFHEZELIE

dL

’ =mrxv+mrxv=mvxv=>0

WY, AEHROKE X 2 HANIRERICHK S 3 —
ETH2 (AEHERFZA), ©ZA2Tr, v LI
JETHI200,r 2 v 230 FHD—EICKD, &
Bd L ICBERFEANTITON S, ZOEEFEA
WBZEMO T3 -y PBEEE X, A DMEEE
T 3B, x M, y FIAOHARY bLvEZHRE
ey, e, &L, r7il, ¢ HIAIOHEA XY P LZEZH
Zhe, e, &TBL

e, =cosge, +singe,, ey= —singe, +cospe,

TH%. e, e, ZRHIKS VD, e, ey IFHERDEEF L & ITMEHNLED D IRFHIKTT 2.
N5 DKM Z KD B &

de, dg¢de,

& dl do =¢(—singe, +cospey) = ey (2.2)
des _ dodey _ o cospe, —si _ g
& dl do =¢(—cospe, —singe,) = — e, (2.3)
r=re, THHNH
v="1=re, +ré, =T€, +rdes (2.4)
L7=23oC, fiEE&E L 13
L = mrxv=mre,x (e, +rpey) = mripe,xes = mripe. (2.5)

B, L, e, i oy FEICEER : MAAOHBEMNNRY PV TH B, AHEBEBIIRTFET 205,
L=mr2p 3—ETH 2, Zhnbd ¢iF .
b=—" (2.6)

mr?

ERED, IhEfES e, HENZAALF— E &

_m s _m (.9 272 _m.g L?
E=2v +V(r)72<r +r¢)+V(r)f2r+2mr2+V(r) (2.7)



2 BFROKESE 3

b, L, V() BRT Vv LT3 )LF—

—/f(r) dr zf—: (2.8)

ThHb, ZZT,r 200 DEEV(r) =0 R2X5C BOEREI- 72,
I?\}Dﬁ”%{%ﬁj—éip% E Lii%&f@éo ( ) % T &\.Oh\‘(%< }:

L2
2mr?

=4y 2(B-W(), W)= 5g + V() (2.9)

TH3, (D) & ([@9) 25
dp _d¢dt |, L ! (2.10)

dr — dt dr V2mr2\/E —W(r)

BEEr>0DEE +,7<0DE — Thb,

¢ =0 FAOMEE 25 AHLTE
A2 B ICHSRE LT, FHUMREEGICRY
%54 ]\%Tﬁﬁi?lfo{ﬁﬂotﬂﬁﬁlﬁﬂ 0 %
KB, (29 © / OFHATROHER
E—W(r ) >0 25 A OEBAIRER TN T &
%, L1 oT, AD BICHEELT % MEHE
Tmin & B — W(rmin) =0 TIRE S, A D

RS S B IS I 7 < 0 TH % 4
Tmin
Mo, (200) OFFIE — kD, g, EE P b
ﬁ)%t%&if>0 £ +THsd, ZHdr 7 ¢
5, (D) ZfEn 3 5 &
0 L / min dr / dr
Y
2m 2\ /E—W(r P T2/ E — W (r)
— 2.11
F r) ( )
W(r) o Bk ZHRAL
s=b oy L (2.12)
T 2mE
E¥BE
b/Tmin b/ min
0—m_9 dSZW_Q%M;1$+W? ez de
0 Vv1—as — s2 V1—as—s2], Eb
E—W(rmm) =0 TH200, s=b/rmin DEZ 1—as—s2=01CK5, LIhBo>T
— T _ -19\ _ -14 1 fe
0=m 2(2 tan 2>—2tan 2_2tem 5ED (2.13)

2155, HASGHICED E Y L 2522 v dlELA O BIRE S,
(2) TH R b OVHEHNE®RZE 2 5, HEETTOANKNTOREL v ET5L, 17—
TR W)= 0TH506 E=m /2 ¥ %, L7zdo>T
L

MUso

b:




2 BFROKESE 4

ThHb, LIAT, AEFHEORETX LIX, r & mo O 2UBEZ FTINLEOHEBETH 2, Zh
X, r = oo T, B mue DPULBIZZ 2005, b l3EEEEDT, DF D, BRI ORNII/RL
To &2, KFIHPERA LRV ZOEMRIEICB 2o B85 LAEBRORITH S, b ZEHRER
# ( impact parameter ) £\ 5, (ZI3) £ b

y_ Jo 1

" 2E tan(6/2) (2.14)

TH5,

JRF R Z BRI & 3 2 BUELSEBR T, ASTR T OE 2R o EHIETcERwv, 2ofRbDIC, b O
SRR IR A — I E O Z D AFHR 72 BEL X 8, BEL R D 2 /AR 2 b T O EEE RIE T %,
NG AN E R AL 2 B H 72 D NEOR FEET 22 LE S5, BELAD 0 & 0+df
KR DEEREE b L b+db & T 5, AFNTFDS BEEEED b & b+db DI D 2K T dN
X, db DEDBELHH I EERBTH L

AN = 27b|db|N

THb, AN X0 & 0+df ORNCHENRE D2 D12
HELX N 2K F OB T H 5, WEHE dS DM
MOBELA B o Tl Rt R ich B L, C
NIRGADR T OBEE X %, dN X PE R OB
LD f 6 ¥ 0+ di OO —RRICEEL. ST
{ %, ZDHNZEEE Rsing, I8 Rd) TH 205, B
H BRI R OGA Tk T D EEE, BAIRERT 2 72 b

B ASHH T

ds b |db
o2 singad " = sing ’d@ de (2.15)
Y755, 7L, dR = dS/R? I3EELGR D & R B S OSIIEAS T 2,
B Z AR D72 D NEOK F25 A5 U7z & &, BAIRFBNC IR dQ %@t 3 2 BELRL
T OfE %

do
Ndo = N— df? 2.1
o 10 (2.16)

TRDT, TNTERIND o ZWHEME ( cross section ), do/d2 Z M7 EEE ( differential rcross
section ) ¥\ 95, Ndo IZHARHE DD DRFETH 306, Zotid [RfE] ! TH 2, —H, N D
Kot [ HIAE] T TH B, Lied o T, o BWHBEOXITICKR 2D THHME L M5, KT
YR HE o ED LIRER R b OMIAEKIC X 2 BEL TR, o 3EROWTImRIIC —8 T %
(Mo 2MR), (16) & (218) 2k 5 &

a2~ sinf

do b |db
— 2.1
B (2.17)

THb, ZORBUIAFRFZT 2 ISRV, TOREIT b L 8ELA 0 OBFRICHN S,
7 —u YEELOSE, ZoBFREX (13) TS5 X 50505, (Z10) &

do [ f. 2 1
an <4E) sin(0/2) (2.18)

%%, ThEZYT74—FOFERARE W,
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1909 £, Geiger(# 4 #'—) & Marsden(® /L AT V)1, 2LiPo D a fRBIC X D AT % oK F (“He )
ZEOWEFRICEHEIELERE Ly, 97+ — FIX 1911 12 (EO8) ZEH L, ThdFEse X
—=HFT 2 BR LT, £z, e ZHAIC LT Au(®) OER Zp 23, ERRRZOHPN TR %
FIELVE WS R Z2E, EA 0 CHELE NS a M TF23RD Au D < FElE ry, 2RO
2%, 5=b/rmn & 1—as—s2=0DIRTHZ05

b —a++vVa2+4
Tmin N 2
L%, (ZI3) 5 a=2tan(d/2) TH DO, b2 (1) ZRKAT 2 L
_ fe 1
rmin(0) = 5 <1 + sin(9/2)) (2.19)

21585, ABRN T 0=m, 2 D AGHNCEELENTL 2 & &, B BELAKICIED L, 214Po @
aFREBICEDET S ol FOZRALFX— E 13 54MeV ThHbB, Zhre

1
Zn=2, Zp=T9, he=19733MeVim, o=

FHnsE ZnZpahe 2 1
rmin(ozw):ﬁz aZpahe 279 x19T _ o

E E 137 x 5.4
THd, 77+ —FORAFIZOHEREE TIEMD LD, Lo T, afiFiF 42fm K h/hIwv
Zpe DIEBRZFOMRICE D BELEI N2 Z 212 %, ZOMR, HTOEFEEITEL L /2,

IELza b FE2HWS , H2HELAEL EOMIWHEBE I 7+ — FonX»2r6Th 3,
Bz 1% 48 MeV DEEZ AN F—% b D o K TF% 28Pb ICHE IS &, 0 < 30° T WmHE
DEBRMEIZIZHF 75— FORE KT 32,0 >30° TX O OEM I 75— FoRuzkt
NTEHINE LD, ZHUT 0 > 30° TIE oKD 2BPb 1IcHEfl L, 1EHEFH ORI H35%
BIDX5REDHLTHS, 0 =30°TD rp,

2% 82x197

137 x 2 x 48
F akiFr 2BPb OREXOMEMIRTEZ, FTFOKEXIE R—7HFE ~ 1A = 10° fm RE
TH200, RFRROREZIIFEFOMN 1071 IEFFIT/HI WV,

BFOHERIIGFOERDK 1/2000 TEHMHATZ 200, HEM (R FRISGEVER ) A OJRT
Bk AT A-ZEOBEF»LR2 T2, AR EMEHHTE S, L2L, 2O0EX
WKIXREED D2, HlZIX, A=14, Z =T THBZUN OKAVY Y (ETOMAEINR ) X h & HA
ELT1TH2, BGTFLEEBFIEIAEY 12 TH200, BT 14HETF 7THOEE 21 HOFRTIE
B2 ¥ 3 EBUIE 2 5720, 1932 41T Chadwick &, Be I a ML T2 H R E2 L LT 25
WPEDTR DS, BEPG T EIEE A YR U TERM 0 OFMER T, o, fEFThr %
FRLUIz, FHETORAE VS 1/2 TH B, LED->T, RiEE ZHOBTE A Z HohHT
PoHRLETHe, BRLEMEFAT I TR, RAEVYOERMBELE FE LRV, 1EN EHA
H 14O FERETFNSTETNEINS, A VBRI 5,

Tmin (6 = 30°) x 4.86 = 12 fm

2.1 K R ORMKERIC X 2BHEBELEZZE X %, 72771, AHERBRIZIEFEICEVWD T, BELDHTE
THRAEHLELTWS,

1. T Tbhb< Ror %, #HHERFUFLZHOT ¢ = ¢ ITRDZZEERE, Fi, #
BAO%EDbLE REHNTEYR,
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2. TOWELEIRDKRT > v L Tatilh TE 5

V) :{ oo, "T<R
0, r>R
W(r) ZBURL, W(rpm) —FE =0 2723 rpm Sb<RDOEER b>RDEED
W2 ERE, THENPLURDZ L TH S,
3. (1) S LT O 2R, 1. OKREMBT 2 I 2Rt i, MOMHBELK
b, WiHAED TR? 127 % 2 ¥ 2Rt

2.2 HFEXRTY YL (722, V>0)

-V <R
V(?“)Z 0, T>
0, r>R

DEE, b < R 72K FIFERNICADIAA, 2D, BIMCHTIT<, 1. L RABICESE
RFRISE 2 - CTHGLA 0 Z &R 0 OB e LTERL, MaokmiEz Ko X,

2.2 EFNHRICELZ YT +— REREL

JFEFAD & 5 MR T OBELE, HHMAE TR BTN TR BDEDLD 35, BRICD
7 —aYRTUTYyMIEBBETIE, BT I¥OMBRIE (O8) 12— T 5,
BTNHCEID I 74— FEELZRS . 2L T4 Y —FERX
h2 2 fc o
(=5 7"+ 22) wir) = B0t

2% D

2kn B2 k2 mf,
| vy L =0 E = = <
(7241 = 22) ur) =0, |

EZ5, ZoHERIZ
W(r) = ¥ o), u=r—z
WS fiRE b D, ERE RERXMIT TS
2 o
VQw(r) _ eikz (QUW + 2(1 Zku) dﬁ _ kzsﬁ)

7 du? r du
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Thb, p=ikut$22, a7 o —HEAE
& (1-— )i+' =0 (2.20)
P P, Tin)w= ,
b, ZHUI(ED) Ta=—in,b=1 LIABRKXTH 206, [HATEAREL LT
P(r) = Ae** M(—in, 1, p) = Ae** M (—in, 1,iku) (2.21)

2155, 12U AZEL L BBILERTH 5, |2| — oo TOWHEE (B) £ D

eTrn/Q eTrn/Q eiku—in log ku

r—00 inlog ku +

T +in)" T(—in)  iku

M(—in, 1,iku)

TH5056

w(,’,,) r—0o0 eﬂ-n/Q eikz+i77 log k(r—2) + F(l + i77) gikr—inlogku
I'(1+1in) I'(—in) iku

2B, LEDN->T, A=T1+in)e ™2 L
il(—in) = —T'(1 —in)/n, u=r1—z=2rsin’(6/2)
Z2fES &

oo ontin log k(r— eikrfinlongr
Y(r) =22 gikatinlogh(r=2) L pgy — (2.22)
T

727 L D ogsin?(0/2)
I(1 4 in) e~tnlogsin
J0) ==n FEl - zZi 2k sin®(0/2)
L%, (222) DA 1 I 2 BEF N ET AR 7o “FI” R BRTE 5, —77, G14%
2IEHELE N THTOWLBRAKR TH %, r BT RZFVEIRTS 7 — v Y NITRBBEEICZE L,
AR S BELEE D SEAINAAHE F nlogr 7217 £,
NG & BUELTE DHER D IR D 5

h
i) =~ Im (v (1) Ve(r)
ZRD D, I () OEIHE 1HZAAT 2 &, ABH (2757 ) OFRADEELIX

jin — E Im<e—ikz—inlogk(r—z) geikz—s—inlogk(r—z)) — E (k _ Q) N @
0z m r m

m

HUEL I D B 5 ] D AL D L 1

I3 —ikr+inlog 2kr ] ikr—inlog 2kr h 2 hk 2
=P (€ D )= U (k-2 — 2l
m or r

[HIfE dS O 2R 7% @i 3 2 B F OMEENE 4, dS WCHBIFT 2, BFIECEBIT 2 Mo MEHEDER
b () THA BN S, (M) LB 5 N 1% ju ICHET 255
e

7"2

m 72 r m r?

do = - j.ds = |1(0)

m

L7273 T, o WAL

do 2 n? B L 2 1
ag ~ VO = 4k2sin*(0/2) (4E> sint(6/2)
L, HHAEORME (I0N) L —BT 5.

P9 2.3 MIKERIC X 2 BKEL% BT ISR, F — oo DY =, WERIEHIA LD 2 (5127 5 &
L RRE, CAUSIEITE (BT 1 EE DB B,
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2.3 BRFEEDH

0.10
B—— EXP

———-- MEAN FIELD THEORY

10

Charge density (e fm™°)

ZH 7 4 — FEELTRIE PO BRI DM O K E X Lok 672 0h, oS R, §#lx
X, BT AL —DOBTFERRETRICEEIE2E BRSO, BF (BT eHETORN ) 0%
FAXODOVTHLWERIEON S, ERIEEFHELICL D RO ONLEMEEDOERETDH %,

INBEBRT—RERETIE, BT AN A> 16 THhIREIHBOGE, KTEE (B AEY
D OTE) 137 = v I B i o TERIRIZ

QR wrapenyyy rym S G .

Po -

ERO¥EBE, ZTITpy & a lXEFRRITKS TS T |

IHE 2T = §

0.1 -

po~ 017 fm™3, a~0.54 fm =

THb, 8Pb OHE (23) O p(r) ZHKIC —

RT. 7272 L 7
0

/d37“ p(r)=A (2.24) r(fm)

ERBEIICRERD, TOHE R=649fm TH 5, FOLMOEEIHIZIE—E T, ZOMHEIZF
FRUK S RV, Zh 2 BEORMM ( saturation of density ) & W\, JFFL %2 R 2 HARRY
BHETH 2, BT ADPZLTSH, POEERDEDEDLTIC RPZEILT S, R D AKE
PR, SERIICIERD LS ITKE S, a 1d R ICHARNTH2/NIWETTHE05, a — +0 DR
ZEZBDE, r—R<0DEZE (r—R)/Ja— —c0,7—R>0TIl& (r—R)/a— 00 £72%, L7



2 BFROKESE 9

Do T

po, T<RODY =
p(r) =

0, r>RoDex
ZHIH¥E R DEE—EDIRTHE, ZOtdrbdH

Ar 3 \'3
ZRpo=A, DOFb R=rgAY?, ro= ( ) =1.12fm (2.25)
3 471'/)0
o KWIERIT R 27§ 2124, B (223) i3t LT
> 9() /" ™
/0 dx1+exp((x_R)/a)—/(Jg(x)d:c—i—gag(R)—k--- (2.26)

ERHEZIZ X0V,

BMTOERE mIX 1.67Tx107 g THEh0 5, pp TERBIHEET 2L mpy ~ 2.8 x 1014 g/cm? I
%%, ZHREEOWEDEBICLRTH 102 ~ 104 S THY, R 4IGEESEEOYETH %,
BT, BT HMOKEIFIFETO 10 EETHH WEOERBIZIEZILAYETHKOEETH 3 H
5, B (104)° = 102 (SRR %,

BT % B fm FRE D IEF TP WFEIRIC B UiA®, 3 x 10 g/em? & WO BEEEDOREED T H
B THA 55, HFEFEEZ —aryHiEd@rvwl, BFREos—a Y dFN (K¥EN) TH
M6, 7—a Y ITIERV, £/, ENTEHEDIHETES, HE Am DED Y ZHE->TWV3
HE m OKTFOENITK S K- 7HFFIZ

o1 1 he %3><1037fm:3><1022m
m GAm? A (mc?)3G/(hec?) A A
ZZThe~0.2fmGeV, me? ~1GeV, G ~7x 1073 hic(c?/GeV)? ZRA LTz A~ 100 DIFA,
—7PRIE 3x 10 m 2B, ZHIMAOEREETH 5,

Lf:i})o“c, BFEICEBER KNI THOENTOIROAIPMEALTLTVWSIETTHE, ZDh%
%77 ( nuclear force ) £\ 95, AIGTFHEICE S FND I —m XD HIRVE[TTRITFUIR
LR, F72, IV 74— FEELD S, a MTF LR FREE OO m BEETIEZ—a )
PIOEE.TH Y, BAOBIEA LRV, Lo T, BOOERAT 28 AR FEOKE XEET
H 5,

R 2.4 HIBRODEE 597 x 10% kg A CEEDRE DL ERD X,

2.5 (220) ZAtAE k. 7, (z28) Z T

3 Ampo 13 2 (2 2
/d rolr) =R ( (%) +> (2.27)
ERt, TADD

34\ /3 72, (4mpo 2/3 1 0.768
~ _ — = /3 —
<4TFP0> 1 30 ( 3 ) 1.124 (1 2/3> fm (2.28)

ZET, (2m) & (=2Z1) Z T

-4 forra g (809 a1

N

L7223 2R,



3 A

B

= 10

il

3 MAEH
3.1 AEHFHEO=EFHFE
ESROBRTHHICOWTE L BETNEOHRE, §l 213

X7 BTNYE (RAENE) H13E

J. J. Sakurai BIRORT ¥ (HMEE) 53 =

AR - IE BFNFI@EREY AT o 74 7)) FTE
o—Xx g E O RRHER (AT TEHE)

ZZRE X, AEHROERTHFHEIETHZIBI 2B oREFTHD, 2hzMEs s
R ETFHFAROMEEZRD 5, £, TR D Bl ) — K% ( Lie algebra ) TH 2,
Y —RBUIFRK T DEERA (95BEH A ZER T 274 o=« %5 B8 e OHAAEH
2O BYONF ) THERKREZ T 5, BFRRFZO XS LERRORE I AER & &7
THEEZINZDT, ZORTHAMEFRIZEETH %,

il

EE N7 MVHEET § OB IR
[J1, J2] =43, [Jo» g3l =g, [J3, Ji] =ije (3.1)

iz = hj BEHE (angular momentum ) L ERT b, ZORMEERSZ I THEBED
HWEIXSERICIRE B, cppm &

0 2D0DBTFEREFELVE X
Ehem =3 +1  kfm 123 DEERTH S & = (3.2)
—1 kim B 123 DHFBBRTH S L =

Y35 ee (B
[ksde] =1 extmim (3.3)

Z Ekmn€km'n’ = (;mm’(snn’ - 5mn’5nm’ (34)
k

3.1 WuEMAEEE W =rxp=—iirxV 2R BD) 273 2 & 2Rt
3.2 (B0 »oXOBEBREE T, 72720, jo =41 Lijo TH S,
ixj=ij, [3% 0]=0
s, jel=%5s, [, i-1=20s,  Jzije=3"—jsls=1)

j2 2 s OEBEEEABEERE j ORTIEVIZILRZVD §2 & j OBRIIZHT 20
5,7 DETD 1ot 52 ORIGEEIRENTEET 3, BE, j; & j° OFREERERZEZ %, 52

i kEL2,3DENDNET B, 4,5, kBTN TERS 30D ijk #EZX 2, TDIB 202X T 2 %H
far o, HifZRBDET, 20 ijk 2oL /'K BELN2, O & BYETHEHROMAEDEE,
—EIERE SRV, FlZIX 123 225 213 21825121F 123 — 213, 123 — 321 =231 =213 R, WAWAH 5, L
H U, B 2 B0 BEHMERE 2 AR IEE F 5, 8 (FF) BEBERER ik — 5k 218 (F) Bz v,



3 AEHEH=E 11
DEEMED j(j +1) T js ODEEMED m THZFEMEGIREE [jm) 350
FPlim) =G+ 1)im), gslim) =mljim) (3.5)

32 DEEHEIZATIERVDS j BEATRVWEMTH %, 52453 =352 — 2 ODEHEMED A TIZR W,
L7=D-T
(% =343) lim) = (j(G + 1) —m?) | m)
i)
Vi +1) <m <V +1) (3.6)
TRINEE SV, 52 ¥ jo=j1 £ijs 3T 255
3jxlim) = jxg*lim) = j(G + 1)jljm)
Jajr =j+(js+1) TH2H 5
J3jxlim) = jr(Gs £ 1)|jm) = (m £ 1) j+|im)

YhD, jelim) b §7 L gy OEERETH D, BEMEIEEAZR j(j+1), m+t1 TH 3, ji 13 js
DOEEMEZE £1 ZLXEEZDS, [jm) I jr ZFnBERIERLEE (L) jm) #0 B 5I1E j3 OE
BEE mEn 12K 2, ZDXSBREBENVCOETHAHER S35 BD) L FET 5, LEdoT

]+‘.] mmax> = 07 j— |.] mmin> =0 (37)
£7%% m DRKME mmax, T/ ME mpin DFELRITUIR LRV, ZOh b

]—]-i-‘] mmax> = (J2 - j3(j3 + 1)) |] mmax> = (.7(] + 1) - mmax(mmax + 1)) |] mmax>
= (] - mmax)(j + Mpmax + ]-)IJ mmax> =0

j+j, |j mmin> = (.72 - jS(jB - 1)) |.7 mmin> = (] + mmin)(j — Mumin + 1)|j mmin> =0

m & (BB) OEFHICHE 5 Myax = 7, Mmin = —J TH 3. |[jj) i & nEfEHEES L
|jj—n) TR 2D, mEITIE m DRAMEDIREE |j —j) WRERNETHE200 j—n=—j &R
EB 0 BEHET B, LD o T, j BEBEIIPEHTHZ, GzohljiciHlTmid

m:],j—l,,—j+1, _,7

D2j+1HOEE L %,

ljm) IZBRIE SN RERZRDT T 2, m<jROE j|jm) =cnljm+l) tBIF 2, 2D
BRI L = &0 Gmlj = (Gm+1] 127205

(Gmlj—jslim) = |em?(Fm+1]j m+1) = [cn|?
Jojr =32 —ja(js+1) BHES &

Gmlj—jtlim) = (GG +1) =m(m+1)) Gmljm) = (G —m)(G+m+1)

TRZ MV G FREATHDL j3 REREETTHD, B3 j 3HTH 3,
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Cm DPAHIFEEITENRZ D, BEE LTe,, ZIEOERICY 2, Lo T

Jelim) =G —m)(G+m+1)]jm+1) (3.8)
THb, j_|im) OVWTHREKICLT

j-lim) =G +m)(j—m+1)|jm-1) (3.9)

2185, (BR) ¢ B9) 2EDELUEHATZE, 1 OOBEERE |jm) 25HIELT 25 +1 HoEW
WERT B REBE2EN 5, Bl 2

) = | =BT i (3.10)

TH5,

3.2 REY

KR IFZORFEEOMEE L L TARAERRE ( REY ) 2HD, A VIIHEEINIH S
EAEE rxp CEHWTH 20, AEHRO—FETH S, AV IEIMPRICE T IENYHET
HY, WIGT 2 EHMAEIYHEIELE LRV, XHERFIZ SN, TAUFMIE D HiL))
MG ERLGEDFHETH 5, REZDRVKICHIRR EE Z oz, PEMAED) R I3HEE)C
JIBLTjikj=0,1,2,--- THIEARMEE L 2D, ALYD j DEEKN TICEEDDDTH D E
BN S TITARETH %,

B BT, FETORE Y E j=1/2 ThHb, TITEj=1/2 DRAEVIZOVWTELHTH
o AEYOMWHEIFRHIHIT j=1/2 2 TUT XV, j = 1/2 CRETEANZEGRKLE D 5,

AV VEBETE s TRT, 72, DRODIT s 25, 52 & s3 ODFEFFEAIREE m = +1/2
D2 THDY

) =ls=4 m=}4), |-)=ls=} m=-}) (3.11)

LWL T %o A VICHT R EROIRE |o)
la) = cql+) +c-|-)

ERED, ) BEEL T 2R0EBTHD, ZODREMNICIIIEF IR 5,
AT AHEBE T A B D AlL) = BlE) BoiE, EEDKRE |a) =ci |+) +c_|-) @ LT
Ala) = Bla) £ 72506 A=B ThHbd, 0=2s £ 55, AEHEOZEEGREZ o TET L

[oi,0,] =20 ) eijron (3.12)
K

TH5,
a%ﬂz4§ﬁﬁz4;(;+l>i>:3ﬂ, Thbb o*=3 (3.13)

TH2, BB) XBVWTj=1/2,m==+1/2 LT3, 0s =2(s; Liso) IF
oi[+) =0, oi[=)=2/4), o_[+)=2]-), o_|-)=0 (3.14)

L7z23-T
oil+) =0, of|-)=204+)=0 DFD o7 =0
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THb, FRICLT
ai =02 =030L +0403=0 (3.15)
o3E)=|%) B o3 =1ThHb, TNk o0_+to_or=2c>—-03)=4&D
2
o? = <U+;U_) zi(ai+az+a+a_+a_a+) =1
o3 IDOWTHFEMKICT S L
ol=0s=02=1 (3.16)
218 %, 0p =0 tioe 5 (BI3) I
0109 + 0901 = 0903 + 0309 = 0301 + 0103 =0 (3.17)
D, o WHWICKRET %, (B18) & (BI) XE e T
{O’Z‘,O'j}EO'in+UjO'i:25ij (318)
rEIZ, ZofRe Em@) MR
0,05 = 51']' +1 Z{fijk Ok (319)

k

W25, ZOMFRKZFH - TV, (B12) ~ (BI8) X HICET 5,

BE BEEBRZIMELT, NINI=F7YHMH=B-oc T526h3t% H OFEAMH

Y EGRIEE KD £ 5, EHEE B, EEREE ¢, |4 +c |-) £ T3

1{(c+++)—%c,|—)) :.E(c+y+>-yc,|_>)

(3.20)

2723 B, cp ZRDD, ZOMBETIEINS bV B ZERZEFETRST XD BMERETERL 250

R %, 22T
B; = Bsinflcos¢, B, = Bsinflsing, B3 = Bcosf

*3%, Bo%or=o0Fi0y,03 TRTE

By —1iB By +1iB
B‘U:Bldl+3202+3303: ! B) 20’++ ! 5 2O',+Bgo'3

B ) B )
=3 sinfe o, + 5 sinfe® o_ + Bcosfos
7L ) =0, 0 1) =2]-), oslt) = |+) THEDE
B.o|+) = Bsinfe'®|—) + Bcosf |+)

[FIkEIC LT
B.o|-) = Bsinfe " |4) — Bcosf|—)

Innrs

H(c+|—|—) + c,\—>) = (Bcos@cJr + Bsinfe™ c,) |+) + (Bsin&ew cr — Bcos@c,) [—)
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L723- T (B20) &
Bcosfcy + Bsinfe ®c_ = Fc,, Bsinfe!®c, — Bcosfc_ = Fc_ (3.21)

L7425, fTAITEL E

Bcos —E  Bsinfle ™ ety (O
Bsinfe’® —Bcosh—E c_ Lo
Cpy e DT 01T BV DITIE
Bcosd — E  Bsinfe @
Bsinfe'® —Bcosl— E
L7z2oTC, HDEFMEEWEE=+B 2% 5%, R, FbEnEEREZRD 5, (B220) 20 5

_ E—Bcost ;4
7T " Bsme

=E*-B>=0

THHH15H
B2+ E? —2EBcos#

B2sin? 0

les? + le-|* = les|? =1

E=4B #f{AT 3%k
| |2_ sin’ 9 _ 1+cost
= 2(1 F cosb) o 2
L7 T, YHEINICERDO R WA LT

0 » 0
E=B oDt = cy =cos=, c_ =ePsin—

2 2
; ) (3.22)
E=-Bopr = c+:sin§, c_:—ei¢cos§

&Iz b,

0, ¢ HAZFWIZHBART ML n = (sinfcos¢, sinfsing, cosf ) TH K3 ¢ H=Bno
TH205, HORBEEMEL £B WS Z2E n-o OEBAMEDN £11Ck2 8 E2KRT, /2, (D)
¥ no OEFIRETDH 5,

3.3 (B9 ZHWT
oc-Ac-B=A-B+i0-AxB

ZRt, At Bldo b XMT2LOHEFTH Juv,
B13.4 nZdH2/HDOHEMART ML L, 0,=n0 2EZ 5, HIROMRZMEWV 02 =1 2R+,
25612

exp(if 0,,) = cos@ +iop,sind

B, REL A RBATET AL E A=Y AN THA,

k=0
3.5 RREICHKFT 2 2L 74 v F—HER
9
|ty =H|t), H=DBo
FEZ D, BIRENTHS, Mt CBIHIRE |¢) % |4) TRE, £7L
|t:0>:cosg|+>+sin§|—)
YE B, £, 0 OMEHE (t|o|t) 1 2 8E D D ICESERT 5 - ¥ 2R,
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3.3 MAEBEDEMN

2EM LR TRDEAEHESLCAVY V2RO LN TOYEMLEFRE 2 OMERS L &, A
EEHEDOEHIMNEICR S, AEFHBOERO—KHIETHHEOBEREELESHBLTHISS Z I
LT, ZZTR—HFOAEFHENALY Y s DEFEEE X

J=3+s

WO jiF s LIIMURROMEFRTH S, BERFle LT, A—RFOHEAEHRDH 50
BHBKTORE Y RETH S, HHAFETE T ORESE|[5] —|s|| »5 [4] + |s| T Tl
WHHRHEZ 20, 8T NH¥TIEER 5,
j & sDEhZhDIREDER
| jm )| %) (323

I DEMBRDIREIZER B, |jm) B 57, js ODEHIRE, |£) A OEFRERZ KT, RE
ﬁ’LFT@Z}iﬁJD, COHBETHEDREIHEH T 202 VI HIEFEEIRETH S, j DRDIH
HT% D;j, s DROBEHF% D, 52k, D; & |jm)C, Dy & |+) KIEAT 205

N

(D; 4 Dy) | jm)|£) = (D; | jm)) |£) + | jm)(Da|£)),  DyD,| jm)|£) = (Dy]jm))(Dy|£))

TH2, SITHAD () BEOREBIMEAT 2202 WMEICT 272015 L,
BRFDOIRE YL LT J? & J; OFIFFEEIREE |JM)

JAIM) =J(J+1)|JM), J3|JM)=M|JM)y, M=J,J—1,---, —J
EHAVE B TES, |jm)+) BTl ThLRANTAESL, Js=js+s3 ZEAEEZ L
I3 gm)le) = (s | jm)) i>+|jm>(83|i>)=(mi >|Jm>|i> (3.24)
L7ehioT [jm)|E) & J; ODEHRETEAE M & M=m+1/2 TH5, —J7
J? =524+ 8%+2j.5 =342+ 5>+ 2353 + jp5_ + j_st (3.25)
TH200, flZERX

Fgm)l) = (46 + 0+ 5 +m) Lim)l4) + gl im) s 1+)

<(]+1)+i+m>|jm )+ /(G —m)G+m+1)|jm+1)=)  (3.26)

RO mA DL E | jm)+) & Js ODEERETIZD 25 J* OEGIRETIERV, |jm)|-) 1T
DWTHRRTDH %,

jBGR oM A[RER J DfEY |JM) ZK®D 2, B2) 25 M ORKMEEF j+1/2 TH
5, ¥/, I 520N E M OWMD S 3MHE J, J -1, —J+1,—J TH2, LhoT
J OFAMED j+1/2 THRINERSR W, M =j+1/2 L2 2KEWE |j5)|+) ZFTHE05

|J=j+3 M=j+3)=1j7)+) (3.27)

&b, EBE, (B Tm=j &35

Pl = (iG+0+ 340 )lin = (i+3) (143 +1)1iDke @29
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HEAZ |G) ) & T=4+1/2 TH3 J> DEHIRETH %,
|J=j+1 M=j+1) 239 piuztho |J=j+1 M) ZROE51CLTRE 3, (E2) QWL
J_ ZEHEE 2 L
Jo|J=j+5 M=j+3)=J-1jj)l+)
(B1) & b /0%
T |J=j+5 M=j+3) =2 +1|J=j+5 M=j-}%)

—H EE T —j +s. ThHahbd
TGy =G )+ 155) s |+) = V25 |5 5—1)+) +153) )

L7=oT

| J=j+5 M=j—3)=

l7i=1)+) + 173 1-) (3.29)

1
2+1 2j+1

DU, #DiRL J- ZfEHZEUT

. [j+M+1/2 1 j-M+1/2 1
J= —‘rlM = M—)H+) + M+5 3.30

MRE 5,
M=j—1/2 £ 2IRHEIE |jj-1)|+), [jj)]|—) D220H 2056, TNLDMEMEPHERT
%2 0DKEEMENS, 121X (BW)THH, dH>—2FZHNICERT S IKE

- 2j
2j+1|JJ_1>|+>+ 5 +1|JJ>| )

TH2, REONMMHIED 2 HHNCEDIVT VWS, |J=j+5 M=j—-1) ITHEX LM_3—1/2126
é#ﬂi%&iJ#jJrl/rézﬁéoJ§j+1/21265ﬁ>6,J)ototdj:fﬁ‘é&iu:j T M=j-1)7%

FTHB, LiedioT

|J=j—3 M=j—3)=~ [Ji=1)+) + 1730 1=) (3.31)

2j+1 2j +1

IhZMFERCLT J_ 2EHZE S L

i JimM12 JEMAL2
[T=i=§ M) =[P i T +1) (3.32)

HRE S,

| J=j+3 M) OREE 2] +1=2j+21, |J=j—3 M) OREZ 2J+1=2j D3, &b¥
5t 225 +1) HOREXE SNz, ORI |]m>\i> DIRFERL 2(27 + 1) ICHE LW 5, THbl |k
|JM) OIREEE RN, LehioT, i G526 & FE3Nd JEJJ=+1/2Thb, j=0

GEE =12 B 2BV E, J=1/2 23 ThH 3%,

J3 OEGED M BRI [jM-F)|+) & [jM+3)|-) 922052 id (B2 »HESL
CADbe LIHRoT|JM)BZD2O0DREOMEEETRINDE DIFUATH 3,

F93.6 (530), (B32) %5t
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3.7 (B30) 2 J* OEGRETH 3 & R EHEME»D X,

3.8 |JM)=al|jM-3)|+)+8]jM+i)|-), a?+p2=1BI 3, J*|JM)=J(J+1)|JM)
BRI, B, BRD K, FHEOBRFTIE j/ =j+1/2 e THBHZ, A LRI
B2 %,

3.4 [l HEEHE

BAIRZ MV n TIRESNERZHE LM 0 OEEZEZ 5, 72720 0>0 OEERLIEZ n
DHMCEAYDPHECGEZIE T, ZOEFICEIDNRT Mladd IZhRoleT5L,0=A4007%0
IERR/N 72 50

a=a+Adnxa (3.33)

TH2, PIZR, zHixbDDOMEKEEEZ D L

ay = ay cos AO — aysin A0 = a, —ay A, ay, = a,sin A0 + a, cos A0 = a, A0 +ay,, d, =a.

TH 50 OHHENIIC
a =a+A0(-ay,a,,0)=a+A0nxa, n=(001)
%5,
VIR % Al X g U, BlsR DR DIREE |a) [XEHEETOIREE (o) & b(r)
W3R 5, |a) & |a) BRI 2EEF R
la) = R(n,0)|o) Ly P(r1)
0
ZRDE S, TITRARALYONTFOHEREZ, ZOMRE—RLT T

%, [EHSHTOIEEIRIRE o (r), BEHRBOMEBEE ¢(r) £ T 5, M
2B 3 EHELE O RBIFAOMER, Bl#RT 2 & r iTR 55 r BT 2 HEEFETOEICEFE L WA S

P(r) = (r1)

THd, r ldr ZHEELLTHOLND HTH 205, FE/NEEE 0 = A0 DHE T, (B333) &b
ri=r—Adnxr 2%, LB oT

B(r) = p(r — Adnxr) = ¥(r) — A0 (nx7)-Vi(r)
(nx7)-V =n-(rxV) 25 ¢
&w):(1_A0n4rxv0¢uq:(1_iA0nw)¢w), he=rxp=—ihrxV
7272 U he BHEAEEETH 5, BR/NEHRDSE, FEREHE T
R(n, A0) =1 —iA0n-¢

%%, ZORRE—RILT S, ROCAHEFED j THH L Z, BT b n Y OHER
NEERTE R 1
R(n,A0)=1—iA0n-j (3.34)
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THd,
AR O EEIZER/NE RO BEREHOETH 5, K
R(n,0 + df) = R(n,dd)R(n,0) = (1 —iddn-j) R(n,0)

ERAY.2X5)

ng;,o) — —in-jR(n,0)
THb, LEDP>T, Rn,0)=1%2EFEET 3L

R(n,0) =exp (—ifn-j) (3.35)

218%, ZORRCAHEEE j XEEOEREEFTH 2, B30) PR YOHRARELWHRE S
A% RXRDOMTHED»D K,
3.9 nol|t),==+|L), 2T n-o OEFIRE L), & o5 DEFIRE |£) TELT

[£)n = cql+) +e|-)

Ll E Flcey (B THEAONE, EIAT, |4), ) 2 yfoEbhicMHo
FZUEERL, RIZ 2 D £ DITHA ¢ [HEL L 72 IRRE
exp(—ips3) exp(—ifss) |£)
THEZoN233THE, ZOREN BR) 2HET 2L 2RE,
HAEF AN 2 2B TOETE 2, BANLSDRERA 7 —#HEF XY PAEEFT
Hbd, A7 —HEAF LIZEHNIC X D IFHES T ERERETFCTH 5, L AREIELT S HR/NEHERD

FTRDOLE L5, MRENEEISN T 2AENEZEZ NI T THE, AA7—EHEFEZ S LT3
&, ERR/NEERIT N 5 AT

(a]S]a) = (@]S|a) = (a| (1 +iA0n-5) S (1 — iAfn-j) |a)
- <a|(S—|—iA9[n-j, S])|a>

L7=23-T
[S,4]=0 (3.36)
MAHF7—DEMETHD, ZOLZ SIFEEHAETH S VI, BIZIX, Fah o DHERE r 7210
A7 T 25 S(r) OGS, HUEAEENE  ZAZICOVTOMAEFIELH, S [S(r), L] =0 TH
D Sr)EZRAHT—TH5b,
BRDONINV =T Y H HBEEARE [H,j] =0 TH2EE, H, j°, js DFREEHIRESFET
2, TNk Injm) TRbLL, ZOZANVF—EHEE E,jm T 5:

Hinjm) = Epjmlnjm), §*njm)=j(G+1)njm), jslnjm)=m|njm)
nAFIRBEIEET 2 DICBER j, m UANADOETFEROMTH 2, [H,jr]=0 kD

Hjilnjm)=jiH[njm) = Enjmji|nj m)
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jolnim)=/G+m)G—m+1)|njm—1) TH355
Hinjm=*l) = E,jm|njm=l)

L7 2T Epjmat = Epjm £ D ZXVF —EHEZ m 1K 5720, FEEAZER H OBEHINE
25 + 1 HICHHELTWA,

f3.10 X7 MLVEET V O5E, ZOMHFENEBEONRY MADOEEIIKES 2 2 EHET %,

1. fERR/NAHCIE (B233) & (B23A) 20 5
(a|V]a) = (a|V]a) + Abnx(a|V]a), |a&)=(1-iA0n-j)|a)

ThHd, Thhrb

[Vm , jn] =1 Zemnkvk
k

FRE, V=35 2332 AEHBORHBERER S,
2. RZ MLHET A ¥ B ONEIZ

[A-B,j]=0
Blile3 ekt NHEIEAD I —HEFTH %,
B 3.11 1THIERD (sk)mn = — i Ehomn CH D 3 DD 3 x 3175 51, 89, 83 FERKKT LT BT b
s BEZRD, 721U, chmn (& (BR) TEHRINERMHT VY LTH B,

1. X7 MV A(r) 2 n O b D IH/NEEE A0 Lzt &, Bz X7 ML %
A(r) 233, BT 2L r 2R 25E% r TEbOTE, SiricB32 A 3, r 2B
3 ACEEEEZ LI VS

A'(r)=A(r1) + AdnxA(ry), ri=r—Afnxr
THd, ThiX
A%ﬂ::(l—iAGn(£+s»fﬂﬂ, L= —irxV

Ay
EFEFbZeRE, REL, A= Ay, | TRDT,
As
2. 51, 52, 83 ZAEHBORHMBEREMTZL, 2 =222 E R, LEN-T, N
I s=1THdAY Y 2FD,
3. 51, 5o, 53 X EMRINIZ 3 x 3ITHNITRD L, 51, 59, 53 DEHMED 0, £1 12725 Z & =i
o X,
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4 TAVREY
41 TAYVZREY

RFREGTF T rolEhTtnd, BTreHhETFIEIRAE Y 120720340 TdH 5,
BTroERFHEFOERDOAZIIN 1%L 2R IXFEFE LV, BF eI EICER R E OB
KIBEICE O XBIEN S, b UBHBHEEAPRIUIG T TR TERNTH S S,
JRF TR ERHEAEER X D &I < BUWHEEERA ( strong interaction ), D% D &7 ( nu-
clear force ) DFTHEETH 5, ZZ T, GFeHHEFEZTLEVOINTD2ODEL KA L R
Y. ZD2ODIREERANT 272012, ST ITHBN R NHEREHITIMZ 2. ZDIEER
X2 O0DBRLEZEHMEIELNRZI VDS, s =1/2 DAY Y s L[ UREIVEE &R/ 3EE
FtHEATZ, COt 2ABRAEV e TAY ALY (isospin ) EWS, dHAHA, 2 0DIKE
ZXATZ VWS HHZITIETA Y R ZBAT 2087V, EiE, 74 VA VIEAY
Y RERRICEN T ORANEETHD, 74 VA VB AR IO OEELNE 2 fHEICKRET
x5,

XTC,t3 D2ODEEME my = +£1/2 1L DB TFeHRETERBT %, 2, t3 OFEAIRER
|my) TRT:

1/1
t2|mt>:2<2+1>|mt>; t3|mt>:mt|mt>

TOFFANTE | me=1) BBTRE, | me=-1) BHHETRECE D UTo, WUT

)

YIRS %, BT OREZHEES, ALY, 74 VALV YDIREL WS 300015725,
AV BT o LRI rT=2t%FZ2 5L

N[

p) =Ime=5), [n)=|m=-

Ti Tj :5ij+i E Eijk Tk
k

T, A VICHETAREWIITARTTIA VALY Y THRD D, o =1 tim £ 338

T3|p> - |p>’ 7_3|n> = 7|1’1> ) (41)

T+|p) =0, 74n) =2|p), 7_|p)=2n), 7_n)=0 (4.2)

THb, RBINE 7 3 my 2 £1 BZ 27203720, rp BWHEFEEBTFIC, - 3BTFE2HETFIC
ZXEZ VWO VENEKRED 5,
BFeHEFCEAPRERZZYMEIT 7 TROEZ, flZIEQ=c(1+m)/2%&EZ 5L

T o%E : Qp) =elp), FHTOHE : Qn)=0

TH205,QRIKTOEMBEETTH S, £, KT 1LET2OMIEBL 7—m R Ty

i
e? 1—|—(T1)3 1—|—(T2)3
dr 2 2 (43)

YEF D, REL, (rh)s BT E D T O WA ERDT,
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2RFRDTAYVREVRE TA VALV YOERIIAEHEOARE 2L FALTH S, 2% TR
DBE BT LIDTAVAE YR ¢, T 2DT7A VAV R t, £T28, ZDETA VALY
T =t +t, OEHIRE | T My)

T?| T My) =T(T + 1)|T Mr), Ts|T My) = Mg|T Mr) (4.4)

ERDE I F1DTA Y RAEVIRED |a), BTF2D7 A4V AL VIKED |b) TH D L E |a)|b)
TRTZLITT S, Mp =112k 3REE p)p) ZITH 205

|T=1 Mr=1) = |p)|p)
THb, MU T = (t_ )1+ (t_) ZEHEE2 &, /£01F (B1) 25
T |T=1Mr=1)=V2|T=1 My=0)

—77, Tl
()21} ) 1p) + 1p)) ((t-)21p) ) = [m)1p) + p}Im)

YRENE
Ip)[n) + [n)[p)

T=1Mpr=0)=
\ 7=0) 7

Mp = —1 7% 5IREEIZ [n)n) 23 TH 555
|T=1 My =-1) = [n)|n)

%%, BBV, |T=1 Mp=0) ZHUFT_ Z2fEHZETH LV, DL

Ip)Ip) Mrp =1
PRRTANS L ETTE R 0
In)[n), Mr = -1

My =0 BRI |T=0 Mr=0) D2, T3 |T=1Mr=0) LIEXT 255
Ip)[n) — [n)[p)

T=0 Mp=0) =~ "=/ 4.6

\ 7=0) 7 (4.6)
TH2, T=1 Mp=132H0BF, T =1, My = -1 13 2MHOPHEFRTH 3, My =0 135
FeHEFORTHD, T=12T=0D22H%, T=1TH23O0DREZTIVREVIZE
B T=00DKEET7AVIEY1EHBHEWVWS, 74 YRV Y 3EBRIKT 1 L 2 DREDORBUS
BLTHIF (RLEDOLRV)THIN, 74 Y ALY Y 1 BEHEHEKMNH (FE1EDL2) THs, Zh
B TEEICKR 5,

4.2 TAYVIREVAREKE

TAVAE Y 2EARGTFERETFEM—ICRZ S, ZHIET A4 Y RAE Y ORFRTIED 223,
IDEERI B TFREIHEHT 2IBTAY RE > REM (isospin invariance ) & W5 HH %
DO THb, FF1eET2OMIHERTAIMIRT YO L% V(1,2) 6528, 74V A
v YAREE L

[V, T]=0, T=t+t (4.7)



4 FTAYVZREY 22

THd, AAT7—HETLZEMEERICBALTAZE, DSV AEPR KBTI 2HETFOI L TH
205, TS, T e RIT A F 27 AV XA T — (isoscalar ) EMER, NV IZ7 4 Y
AHhT—THb2, 2KTHROET 4 Y A Y OEEIRE (B2) 1%

Ty | T Mr) = /T(T +1) — Mp(Mp + 1) | T Mp+1), Ty =T, +iT,

R VAR N5
(I'Mrp|[T_VTL|T Mr)
T(T + 1) — My (Mr + 1)

YRB, VET BT 200 T VI, =VIL.T, THH, T.T, =T> —T3(T5+ 1) TH 215

<TMT+1|V| TMT+1> =

(T Mp|V (T? — T5(Ts + 1)) | T Mr)
T(T + 1) — My (Mr + 1)

THb, LIeDoT, 74V A Y 3EED G751, T, BT EHT 2%
HOWFHEEZRICTH 2, 2720, T=0¢8 T =10BFHHEFTHABRFALTH S LITVAR

Vo BIZOWTIEROETHDTE X 5,

Z—ayHEB) I Ty ERWTEH, T, Ty LR EZBLROLLT AV RAH T —TERV, £
72, BT T IIERIES, LD > T, AKTRONINV =7 Y H ZHEBEICIETA YR
7 —TWERWV, L,L, Z7—a Y NEENCHERNREL, BTFehETFoEER /NI VDS, 2
D2ORFHLTHE 0EUTEIVWEEZOLNS, ZOHA, HIZ ARTROETA VALY

CRT B

(T Mp+1V|T Mp+1) = = (T Mr|V|T Mr)

[H,T] T = Z t) (4.8)

(ER) DD LD E, H, T?, Tz ORIEGIRENTFIET 50 T3 13MH % DT t3 DFITH D, t3 D
EEEEGTFOHE 1/2, FETFOHBE —1/2 TH 5, Liho>T, R ZHOG T N EOHME
T o255, Ts OEEME My & My = (Z — N)/2 1273, 3X—Y OREIEEAZE ¥ i o Bk
W7 AV A Y AREDEGEICHRD LD, LR oT, ANIN =7 VP BR) 2Tk, H
DEEEE M S0, DFD, A=Z+NDBRUCT Z, N DERZZFRTHED TR NLF— AR
7 MR T 2, My DAOEFHDFE CREBIEIMET 2, KX T =1KEOZ X LF—2R
JMVOEBETH S, FAUAEHRL Y 7 1 OREBEHERTHATH 2, ZORDS (BER)
FWVIELTHEDZoTWE e 0h 5, RITRLRET 3L F —HEA0E, ERICEF T L
¥—TlWE#% < E(MN) - E(1C) = 1.64MeV, E(10) — E(14N) = 2.33MeV ZF I LT3, Zh
BHETF B TFOERER (1.29MeV/?) LB TFROBVWICE S 7 —m Y3 L¥F —DEL L THRE
T3,
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MeV [
81 o+ ’
2t i I
L 1-
4_
2_
0- ot -- --

14 14 14
8 OG 7N7 6 C8

—_

TAVRAEVE, BTICRS T RICERF2REN T 2 BANEETH 5, B2, » T
(7 meson ) & 2 W& A A > (pion ) EFHEN B R FIEERD te O 7 (E & 139.57MeV/c?) &
HFPED 70(134.98MeV/c? ) D 3D 5, ZNDBHIETA VALY t=1THIFR—KFD3DDIE
HIRRE

|7t) = [t=1my==1), |7 =|t=1m;=0)

LRZE S,

4.1 RORSHMRE 7T ap, an 2EZ 3,

{al, a5} =6as, {aL,aE}zO, {@a,a3}=0

T3 = 3 (alap — a:[lan) , Ty = aLan, T = al;ap

L35 e, MEHR L UAHRER
[Ty, T-]=2Ty, [T3,Ty]=+Ts
MDD Z B,
2. JREE [0) & aql0) =0 TEFET 5. |p) =al|0), In) =al|0) T DL
1 1
Tslp) = §|P>a T3n) = — §|n>
Tilp)=0, Tin)=1p), T-|p)=|n), T_|n)=0

LRI Y ETRE, ChE (), () L ASREGRRTH 3,

af(ap) ZFFF DL (HIR) HEF, of (an) ZHPHEFOLEK (ER) EET 2 BRTE,
CTEELET BETDOTA VALY TH D,
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4.2 BT AT VDREEZD, ZORDETA VALY OEEIRER |TMr) £ 5%, T
Bt=1/2t=1DERTH2H,56,T=3/2,1/2D2ODfE% L %,

L |7t p), |7~ p), |7n) & |TMr) TRDE,
2. NAF U HBFEENCBWT, BELRTOREZ |o) , BELZRDIRRER b)) £ T5, ZOK
JEDBELIRIE f(a = b) &, DB TA YV AAT7—HETF SIT&D

fla = 1) = (bIS]a)
ThHzoN%, 2O E
f(xtp—=7tp) = f3)0
fp  amp) = L2
$rp = ) = 2 (fyo — fi)

LI B Y BT, BRL, fr = (T Mp|S|T Mp) TH 3, S HB7AYAHNT—TH
E)?b)%,f’f =4 Mt &:ﬁ?%tﬁlﬂo
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5 2RRFREXT
51 2®&%FHR

BT 18 T 1D 57 2 BT ( deuteron ) X 2 TR e LTIIME—DOHRBIRETH 5,
HSTFEHFANS X O EOhoERPEONS, BTreHPETOEEEZEHL TR TOEEY
m¥E3b, EF1LE2PLMBRDNIN =TV HIZ

H:—h—2V2—h—2V2+V(|r —7)
om ! om 2 2 !
ThH2, 2TV @BENEEDT, V IZ—RIC2EFHROHEMEMN O FORY Y, 74V R

VORKEST S, BEOLOME R LHMAE r 1

RoTetmio
2
“C“%éo T1, T2 e R, ’I"VC?:E%)?_Z
R, h?
H2’rnTVR+<2/,LV +V(7’)), ’I"—lT"

W25, 72720 mr =2m 32HE, p=m/2 3PEHBETH 2, HIX ROED L r DFZITH
Bt 250, HU = EU %3 2 M2 0B @ 1%

V(R,7) = P(R)|(r)

WS ENZE G, K&
h2
2m
/S, 7272, E=FEpr+E, TH3, HOEIIEHNTOEETH D, FHEEBIIFHEIKIC
2%, 2R T Vv L V(r) ICB 2HEERE 1 o 1 RME (B3) IR ET %,
Y IFPUEZER], Ry, TA VRV Y DREORETH 5, WUEID & A ¥ 85 DI EIREECE
IHEBOHEAEHNE L= —irxV L2 TOLALEY § =35 +s, DEIFRETEDZS, £
fEER J X

V29(R) = En®(R), (—ZJV? n V<r>) b(r) = B, o(r) (5.1)

J=L+8
TH3, SHEDS2EEMIIS=0,1D220TH%, DS L=012----2HKLTJ %
ﬁféo L?‘CZ’)E\OVC

J=L L+l L#0

5.2
J=1 L=0 (5:2)

S=0nrEJ=L, S=10Dr= {

WD, TRSDIREIZER LT 2P5HEE, 2RI T3, 2 TS5BS X L=0,1,23, -
WKL TAXFED S,P,D,F,.--- THRHLT, HlZE3*D, X L=25=1,J=1DKRETH3,
S = 51 + s; DEIFIRAE |SMs) 1 (B3), (E8) T

p) — [+ =ls=3, m=3), |n)—|-)=|s=3, m=—)

DEEHEIEThE IV, L OBEEIRE | LMy ) (ZBREAMBEE Yo, (0,0) TERENZ, 2
T O, g IFMMNERE r ZRBETRLI-LZOAETH S, BEHEOEMTOHEMD DI 5 &
212

J?|(LS)JM) = J(J + 1) |(LS)JM), J5|(LS)JM) = M |(LS)JM)
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Z 7z 3 EEIREE |(LS)JM) = S & L OFEEREDHE

[(LS)JM) = Z Criyms Y vy, (0, 0) |SMs)
M, Mg
TEN %, 2 ZTRERE Cuyve ODEEBHERBUIFETIZR WV, U L2 o, KD 2 EEBE (r)
8
P(r) = R(r) [(LS)JM) |T Mr) (5.3)

EHB, TIZT R(r) GHXEB OB M OB, |TMr) 3E27 AV AEY T =t +ty D
BB IREE (83) 2 Wi (B8) TH 5,

N Y FEEP S, 2 BT ROBHEBIIZLT 2RI Lt EFEIEDL LR IT IR SR, KL
F1e 22T 2HATEZ Py, TRDT L

PV =-v

THd, 2HFOZHUCEHL TEL R EHMAE r 1

ri+Tre P, To+T
2 2

THbo LIDoT, HFOREUI U TEHLODKREBEEKIITETH %0 5, HHXHES) OB
BREEZZEZRITINIRSR WV, r— —r ZHPEFETRT L (r,0,9) > (rnm—0,7+¢) TH 2, I
A A8 A BE 280

P
R= =R, P=Tyg—T] —2 P — Ty =—T

Yiu, (m=0,7m+¢) = (-1)" Yo a1, (6, 0) (5.4)

Ziile T F/2, (€83), (@80) 25 T =1 OREBIEFF TOLKIUCEH L THHTH D, T = 0 1 FRKF5
TH200, 2RTFOLZHUCH LT T M) 1% (-1)TH 2 W FEELET 2, RIS |SMs) b
(-5t ThHB, Zhhb

Piyip(r) = (1) (=1)FH (1) y(r) = (=1) 5T Ty (r) (5.5)

Thd, LID>T, L+S+T IZTFBDADBFENS,
FERRRE RIS 2 ZMEN) T 0o, HLEFNE T LEERTO Y 7 4 HRET P I3

PU(R,r)=¥(R,-7), 2% Py(r)=y¢(-r)
THb, (B3) DGHE
Pap(r) = (1) (r)
2506, ZOREIERY 7 1 OEARETEAMEIE (1) THd, IR ALY -
TAVAEVIE P ZELTAETH %,

BRTF EBRICINWIER FORKRED AV 7413 +1, 2AEHE J X J=1THb, NV
T4 OHEAEERE L IXEETHE, Zhe B2) 00 J=1TH52DIKIES=1,L=0,2
ThHb, 6, (BH) LD L+ S+ T EHFBTRINZELBRVDLL T=0TbhHbd, LIPoT,
HSFOREREIX (B3) 0OEREGDHLET

0(r) = (Ro(r) |(01) 1 M) + Ra(r) [(21) 1 M) ) | T =0)

ERO¥ED, EBUT XD L [Ry(r)|> ~0.05|Ry(r)|> TH Y, BT DHREEIREIZFEICL=0TH2H
L:2 %bfﬁ) :a{yo
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B FORKIREL T =0 TH2Z L3 RXO@EMH»H HEIT 5, (E3) 26 T =1 OREIEZH
THHUET (Mr=0)250Cd BT BT (Mr=1)t FlEFFETF (Mr=-1)0H5%, 74
VA UAZENPS T =118 2% BFGT, Py Br—+ir MokhaFETcTtd
5, LizoT, BFBTF & P+ TF oORBRESFELROVYULE T =1 0B+ FHET
HHFEREZ O LRV, T HHEGTIE T =0 TRITNIZR SR,

BHET=00 2 THICEIGE T=1D5HETIEERD T=0TIET=1&bHHE
5l ik 3,

5.1 REWICEGTORERED Y742 -1, 2AEER B J=07T%, COLE, &
TRIOMEMNPLEMETE L, RAY Y S, 27 A VALY T e LTHFSINLHEEZRD X,

5.2 #%H

B EE 3R EER 258 T2 QCD 22 5EHTE 3133 TH 25, ERIIIAAHE
ThHd, ZORIFEHENZRZEDLOBNEZRETERVE ZARKNOMEOH L2 H 2, 2
TRENHEOBEDL S, B LT ORREIDAENEZ TAHA LI,

o WifEARZME 2R TFRNCE < JNEET OHTHINLE IR & 3712, 2 #4 TR DR RYALE 720

WEFETBIETTHS, BT 1,2 DNEXRZ FLE r,ry T 38

V=Wr, r=ros—mr

TH 5,
o FHEAZEN MOE2OMNGHBERLZVHLED, HIZ 2RO ME r DR E IR
FLREWTHAD, LIdoT
V=W(), r=|r|
TH2, VEETDALY 01, 00 KHEKIFELTH IV, TORAE Y SIENS[AEEAE R R

V=W(r)+V,(r)o, o

12725,
o TAVAVLIYAREN VWETAVRDIT—THI200 1717 EEGATH IV, TOhd

V=Wr)+V,(r)oroa+V(r)T1: T2+ Vor (r)o1:02T1-T2 (5.6)

TH b,
V 3T OEBESCPEAERRICIKET 2HLEZE AN LD, 22 TR IAM E—RILL 2w,
(BEB) ICEEND V(r), Vo(r), - 72 OBBIZIEIRFEDHR D SR E SRV, ZASIEHHETF
U & 287170 & OFAHER PRI ISR D S N - B R IRE L, BEIGT O MBS FHEL
DEBT—XEHHT 2 L5CkD 5,
QBT DETAV ALY T =(11+712)/2 S &

T2f1

1
,Z(T%+T§+271~72) :1(3+3+2T1’T2)
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THEDPD 111, =2T> -3 LK%, TADPB2BTFROT A Y A VIREE |TMy) 125 LT

—3, T=00Dr %

7172 |TMp) = (2T(T+1)—3) |T M) :{ L reiovs

"CZ@ 5o Lf:z’ﬁo“C, WIJK)_GiV = Vo(’f‘) +V7—(’I“) T1°T2 83—5 &

(Vo(r) = 3Vy(r)) [ TMp), T=0Dt %

V|TMr) = {
Vo(r) + Vo(r)) | TMr), T=1Dt %

THb, LEDoT ERTTHEMLERIS, T=0%2 T=1TREENIERS, £, T=1B
W BGT-BF, AT, BT B NERIT, 2% D, My RFLRWV,
AEVRZDWVWTHTAVAE Y ERARD I ENRWMDILE, 2 FHBAY Y =HHIHDGE & X
vy —HEICHODGAT (68) 3B R 2EHE T 5, ZOXSXBNEINEEHETHZ ALY -
TAVAETHELKEFET 5, ZAUTERMEEERICEROENOBEERZREETH %,
(68) 1 2 T OENEEAESR L » XIS 200, B TFORKREBICBISZ L=0%2 L=2
DORBEEHAT 2 2T TERV, BAEZHAT 27201201, (BB) RO LI RTVVILA

g1'1royTr

Vr(r) Sz,  Si2=3 5

” — 01°02 (57)

RBATIDBEND D, Si2 AN T —THBH, PUEERICOWTIEIEZRD L, rirj/r? 20D
Bz L TBD, TAUIIKAFNBIE Y2, (0,9) OMERETRDOE S, Lo T, L=0% L=2
DEEHEZ 5,

MFEICE DS WL EDOEGRTIE V(r) ZIRETER WV, 1% X OIS 2 62807875,
GlloHETHGRZ HRERE T2HETH S, BTEKIY ( Quantum Electrodynamics, QED )
WXL, 7 —a Yy Jid 2R FRITHRFERIT 2 £ T %, BN hr B L T, 2 % FHEIIc
HEZRHMOKF BRETIE r HFREIFHL20VERA A eI ND) 2T 2 e IBELZH
ATzo WRHF AT X 28571 DBHNIHNGRIVG OB 2 5 BESNDH 20, 2 TEZ—u )
E DU SN EBECTAL S, FRICHER ¢ PEET 256, ERIGORAI T —RT7 > %
V() EET Y AR

ViV (r) = —ed(r)

il d, BT HETE p=—iAV TH 205, LoRZ
EptVir) =h*ed(r)

LFHII D, Ap? PHFOIAINF—D2RTHHILWIERT I, HE m OFEFE2RALE
CEDRT Uy, Pp? BEEREm DR TDIRNF—D 2 2p? +m2ct TEEIZ 2HER
(Pp* +m2c) V(r) =h*Pgd(r), 2FD (V=X V(r)=—-gé(r), A= N (5.8)

mc
Zii7z3TTHA5, ZITAFAY T M EETH S, B e IMBR T HATOREDOBRI %
KOITEHTHS, ZHIHELT g 3T eHHETOMEORT 2RO, HERX (B3) oz
RKDED, Vir) Z7—V &L T

3
Vi) = / (;l:)g explik-r) V (k) (5.9)
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55, k7, TR ,
d3k ‘
o(r) = /(27r)3 exp(ik-r) (5.10)
THs, Zhoz BER)ICRATEE (KR+X2V(k)=9g 2553, LEdoT
V(r) = /( ) exp(ik-T) —’_g)\ 5
_ 9 9 exp(ik r cos 0)
=13 / dk k / cos 9)7]{:2_’_)\ 5
g exp(ikr) — exp(—ikr)
N 42'71'27“/0 dkk k2 4+ A2
g k g d exp(ikr)
~ 4ir? r/ dk exp(ik ) K2+ X2 Ar2rdr J_ k24272 (5.11)

1K

giA!

KD ES>HAFTAEH OB C 22 5%, FOWBEIEET - = £ix ! iIT—f oMz b,

L= o T, BECEHE D S

e’LZT B o o eizr - —r/)\
/;’ZW = 2mi lm (2 —iA) e T e

izr K ik izr
e e e i0
o atm = et /d A PR

rsind > 0 7 51X

@ eizr _ Ke—KrsinG - Ke—KrsinO K00 0
di 22+ A72|  |K2e20 4 \72| T K2 — A2
L7 oT K — oo TIE¥MHDOEFSIX 0I12RD
eizr K00 eikr
dz ———— ——— dkzi
LLZZ2+A4 k2 4+ X2
(61m), (612), (6T13) 2°5
g d_ g h
Vir)=— —m e =L N=_—
(r) arerdr 0 © dr  r me

(5.12)

(5.13)

(5.14)

%%éofﬂvr%%Mﬂtmio%?@;5mm:0®z%mvm0:£%mmb,&—nyﬁ

Ty L EHET S,



5 2BFREES 30

m #0753 (613) & r DEIMNE &b IHEBEIRICEBIT/NE R %, OO % #ik
Fe =t IZRBr,DFED AT YEENELTERA D, N4 FVOERIF me? ~ 140

MeV TH 305
he N 200 MeV fm

mc® 140 MeV
b, EFEISGEHEMONTH S, KL T, 7—a Y HRENORT VT ¥ L& 1/r TW-
<D 0WEDL, BFFHEEIDBREZRTE, MOBRCENT 7 —n e BN EELEE %
5, WEER g BTG TFEELOEERED HIRD 5, g2 /(4rhe) ~ 14 TH S, THIIHIGT
%27 —8 Y T OEBIIHMAMEEER o = e2/(4rhe) = 1/137T TH %, g% 1F e ITHNTIEFITKE
W, he b o SHAEFERHZEBWVEEER VW,

RAF U RBEGOMEGR TS &, (B8) OBORT > vy ADEKNICRKRE S, £/, 7Y
5 (62 OFEDHET 2, L2 L, BIHDOTRTOWEZ A F U RIWEITHRET 2 Z 21T
RV NA K RN X AN TR r DREWVWZA (r>2fm ) TOABHTE %5, &
T oEREHE (B1a) 2> 5 KT 2 TFOEEICHBIT 200, r VNS RDZ 4 AV &
DEVWHHEF (0, w, p, ) DD EEIZR > TL %,

B V(r) Z2 TR0 S, T ICHKET 3
B, EMRNCERO X 51272, REL T T3 100
DOBEBITHIATE 50 IR (r > 2fm) T, v
ISR BT, BRI & D R RT3
%, ZHUIHLEMITNGINTH 5, FHEHE (1 < 50
r<2fm) T, 2 HD A F VD 50 o H
T (myc® ~ 500 MeV) X IFHZN 2 HETOR
PP EEWRD, BT o R FRRETER T 2 £ 5 0 %
7510 b7 6F, R (r <1fm) ITIERVF
JI5 (repulsive core ) BIFFEIET %, FIHDBDIFIE
X, BFROBHESEZ XL — 0T - F  —50F
HMELO KR T — 2 2 HHT 2 DITHETH %,
FHEOEFITERE XL DD o Ty, HlEF
DG H S TR, w PHETF (mec® = 783 —100
MeV) Xfaick &2 6053, LHL, ZTOH
BTETFRERLPERD DS 0, KT eHETFRZEAN T T2 OTI0EIE—#ITE 2720,

A= ~ 1.4 fm

T

T

ERFOMEAME FIRLE V() ZHMILLZET Y

+o00 r<e
Vir)=< -V c<r<c+b (Vp>0) (5.15)
0 c+b<r

EFHWTEGFORKRRKEZEZ XS5, HERREBIIL=0TH2 L3 2 RHBER (BEI) X
oir) = " yin(6,0) 15 =1 M) | T=0 My =0)

X5 Yoo=1/VAT THZ0 5 130, ¢ KKELRV, ZD XS RBE

QF()_araj_xﬁF PF _1( a*\OF  2*PF
or" or  r? or?

T Qxdr  ror’ 0a2 v

r2
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THHH15H ) )
ap _20F 10°F 107
v F_rﬁr +r2 or? _1"87’2r

L7585 T, (K1) &

(—Z;Z + V(r)) u(r) = Eu(r)

Y3, TITE, ZHRICE 2Lz -V <E<0TH2H05

K =1\/2u(Vo + E)/R*b, k=1/—2uE/h%b (5.16)

EBLE (K, k3EXT)

82 K2 82 k2
87’[’?:_[)72“ (C<T<C+b), 87’]"1;21)72“ (C+b<T)

YR, LERoT BERE ur=0¢) =0, u(r)/r =30 2EET 5

ClsinK(r_C) c<r<c+b
u(r) = b (5.17)

Cyekr/b c+b<r

THb, W/udr=b+c CTHEEVIFZNEDLD Kecot K = —k 215%, ZOHFERXZMA1IC
B 72T Ko = /2uVo/R2b 35k

Kcot K = — /K2 — K? (5.18)

k5, HEX(ER) oAz K OBEE LTfivnze X MHiRORED K 25RD B TH 5,
FfEX (BIR) ofif K 23K 42, E & (BI8) » 5

(5.19)

THEZ6N %, Mook

1
T K2 /w2
K0<5 2% D VO<E(27)> ()\ %

TIXHREIRAEIE RV F72, 1/2 < Ko < 31/2 D
v EHUSIRAEX 1O, 3n/2 < Ky < 51/2 Tld2o L
FIES %,

EEICXDY E = —2225MeV TH3, ZD
F—REFTIE, 320D FX—& b, ¢, V) &85 -3t
BHRD SNV, ZITHE clZOWTIE, BT
BT HELOERR T — X 585N 51(E b~ 1.9 fm,
cx05fm ZHS5ZLICLT, Vp ZRD XD, uc® =939/2MeV T 3, (EIN), (E19) 25 V) &
E OBGRZBENICKRD 2 & TOEKOKROVEHIFRIZR 5, fMVEERZI U (520) 2Rkb T,
EFFEDRERIT V) =39.83 MeV 2§ 2% E = —2225 MeV 1274 %, ARIEHMBL X 7= s IR
RROFEHREKD 2 F u(r)? ZRRLZSDTH 5, MEMOHENAIX w(r)2 XL TIE 0.1 fm™L, K7
YR MIH LTI 10 MeV TH %, fEATAALT—IERT VO ¥ VOEE (~ —40MeV ) 12
NTIEFINE L, BERTIREDETDTHRHBL TV S, ADIEREH b 2/ Wdig, K5~
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Ty ADEL THRWEFEIREIZIZ RS20 v > b+ ¢ TEHPHET LIBT3 OFEHEFEN I
HY, HNCHEIZEF L T, THEFEHE IR I OEBICTHEET 2 lR2E T2 &

(oo}
/ u(r)dr = 0.656
b+c

2755, BFemtEF2ahzkELHH5MRIT 1/3BRETDH 3,

0 x T x x x x
—2.225 I~ 7
u(r)?
~10 = -
¢ B
=
K
-20 - V(r) i
Vot -
_30 ! ! ! ! ! !
0 2 4 6
r (fm)

5.2 S=(01+02)/2 T 5L, (62) TERLE Sip &
S12=2(352-8%, S, ="

Z%“ﬂ'é :Z%ﬂ—_\‘“&o ST- xS o rﬁf’ﬁllﬂiﬁj\?fo b, %O)ﬁ{ﬁbi S3 Klﬁltfﬁéo 512
DEHEZ KD Ko

M5.3 Kog~7/2 TO (BEI8) DELREE D &

2
U MU EAS
Ex-lo {Vo 0 (2b) (5.20)

BT, ¥, GUHORITHAIEL W & Z2HED»D X,

5.4 HEX(EIR) 25 F % Vy OB UTBIEIZRD 3 7075 A2 ElE Xk, BBTRE
RO ERD 2 HHEIIE=a— b ik £h Y MNE 2DEREDBDH 3,
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6 EEIRILX—
6.1 EEIXRILF—

FFDEE > THMRZER L TVI L E, 26N TFRIXHIE S IH FHET DB R/
IANF —ZHEEIRILF — ( binding energy ) W5, BFE (RTFES) Z, PHEFE N ORT
BrEZXS5, CORTHMROEREZ M(Z,N), GTremEroEgrzzhZth my,, m, £ 5L,
JRFROFEG T2 LF— B(Z,N) 1%

B(Z,N) = (Zmp + Nmy, — M(Z, N))c2 (6.1)

TERIND. M+ B=2Zmyc®+Nm,c®> TH205, T BOTANVF—%25225L, JH
FREBZ OISR FOEIIIRZ ZEDNTE S, KTFHhOMETINLF —DEBREL TITR
ToEHERA=2+N PHETHIFEFHRDTAYIN— (isobar, A B[FEUT Z, N BER 5%
HYDSH, METAINT—DROIKRZRODERL, BROOLPRIMFIEIVAYEY H— - N—
FOEEAR (B2) I 3HETH 3,

9.0 724

B(Z,N)/A (MeV)

* 7 — &3 http://wuw.dne.bnl.gov/nndcscr/masses/mass_rmd.mas95 2 X %,
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BWEFZ(A<10) 2R 8, BFHLD DEEZANVF — B(Z,N)/A 13K 8+0.5MeV & iZ
F—ETHb, IhEREeEIXILF—0EMtr vy, 2ot hy»EEfITtHhs %
ALTW3, BOOEREF? REMZ 51, BT REMOITRXRTOKTFEHEERT 25256, 7l
R 2 AT ANF—1Z AHOKT 26 2 HEBRIHABRDEDOE 40, = A(A—1)/2 ~ A2)2
KBS 2, Lizdio T, “B/A ~ —& 34 DT EZDEHBEOVROMT £ 2 I HEER%Z
55,3805, BADFEEMITH 2 L 2EKT %, a1 — DM, HFEED R
TRICELFTIFEE L VIHIEBEEDOMEL R LAT, HAHOMMERTEEREETH 5,

RO ERPHER I TOERDN TRV DS, BARD ZVEEMEICED 2L ¥ —
EFWMOHESL, A=Z+N QFETHEN Al =2, + N, & Ay = Zy + No DRTFIRLCHHRT 255
ExD, L, Z=21+Z,, N=N,+ N, TH 3, HHINBZHLX—% AE T3¢

M(Z,N)c* = M(Zy, N1) + M(Zy, Na)c? + AE
BT H7zh) OFEETANFE — b= B(Z,N)/A, by = B(Z1,N1)/A1, by = B(Za, N2) /Ay TET L
AE = A1by + Agby — Ab = Ay (b1 —b)+A2 (bg —b)

TH5, B/ADPEFARD O SIE by > b, by >bTHE05H AE>0 2D, BoRickhx
FINF =D HE 2, A 240 DFETHEN A~ 120 D2EDEFHICHHT 2L & b~ 7.5MeV,
by ~ by =~ 85MeV TH B0 5 AE ~ AMeV ~ 240MeV 1275, AU L {LERIETEL 5%
NFE— (HeV) D 1 fEL VI EARRIILE—TdH 5,

B/A D3FERNIZEFAEMNT D 2 HBRTIE, BARTREBRLABMETI D AL F -2 R T
%0 122U, RFRIZEDEMZFEONS, 7—m Y JIZH 5o T2 0DFFREMEIER TN
BBV, 207D, R FREEZIEL THEEIEL2HEND 5,

A > 20 Tld B/A I FENICEBE o1 RZEILZ T 5, LHAL, Z £7& N DEE (magic
number)

2, 8, 20, 28, 50, 82, 126(, 184)

THARFIOEETE, AT IALF B rRMEL S KXV HIZTH, 2hs DJF FIE
WEETHDHIERDOLTWVWS, RTDEE

Z =2(He),10(Ne),18(Ar),36 (Kr),54( Xe),86( Rn)

THEHHA (REMSIER) TlE, BT IZEAR ( closed shell ) 272 L, ZDREFIIMLAITLETD
%, RTOBEROFER, R TIZ D EEIE ( shell structure ) BFEIEST 5 Z L ZRT,

6.2 HEBALR

FEFEOBETANF— B(Z,N) IZ2ERIICIE A OS2 RERTH 5, BRT%EERHI—HE
AR LT PR rgAVS DT AR L, TOMBOBE LR EZRD X 5,

%73, B(Z,N)/A SRFRIKSTIE—ETDH 205, DAL E LT B(Z,N) = bygA T
H2, FRFHOEEZ A WCHHIT 2056, ZOHZEBRIRILF— ( volume energy ) W5, &
AT, RO REHIICH 2% T1E, BNTICH 24T ICHARTHEER T 2HFOKTFD
BRODS, FLRMLTVWEEZLNS, RAKXDHIETICOVT, by A 3G LY —% 5
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ATED, ZORYD, REZH DT, OF D EFKORKEBEIHE L MHIEZITS ., R
A3l s 2006, RESREEZERL T

B(Za N) = bvolA - bsurfA2/3

35, TITMALEEZRAIRILF—L VI,

ROMIEIGFEICAERAT 227 —a Y FIDMRTH 5, BHHB—RICHHT 2FEF R KD
-y IINF— (HEIILF—) Z2RD L, BHEE p H—EDFEr OREEZ S, Zh
WCHEFRRE 2 O BH A BEATETHEREE dr ZORELT20ORET2HE AW 235, FFEr
Y or4dr WX ENEDOEIEL dnrPdr TH 205, i dg = 4rr?dr p ZIEIDEDR D 5,
T/, BRID DT 215 r OEROAMIITIX, BT Qo(r) = pdnr®/3 BEROHINIH 2 D L (A
CTHB00, B dg 1@< 1%, FEROFL2» & DR »' T2 8 kQo(r)dg/r'? TH %, ki
B RICRFET BETH S, LD oT, 2ONEHS->T ' =r ETIETHAE IV X

IV — —/rdr' kQo(r)dq _ kQo(r)dq _ 167r2k:p2 A g

12
oo r T 3

Li2%, Thrs, F1E R DREELDICHET 2 2EFE W X

167r2kp2 /RT4 g — 1672k 2 g5 _ 3kQ?
0

W =
3

4T 4
_ _ - 2
5 R Q=g RY (6.2)
QIF¥FE R DERODEEBMTH %, BRI HEREM Q = Ze, ¥& R=riAY/? DR 322, 77—
m BV 7 ) P S >

3ke?2? | 2 3ke’ 3ahe

5 R~ A3 T 559 51
X5, a=ke?/he 3IWMEEEHTH 2, 7—n v AF-BIHlATA L 2RI ¥
Z2

B(Za N) = bvolA - bsurff42/3 - bcm

L%,

BT RNl < O, A TFRICIER T 258 X DBWs I TH s, LEedoT, BT
ERHETFDFEED 2 THREZINANF —EREV, 512, XV YDFEHDOLD, %+ DIRREIIM
DT DIRELE S BEDD 206, AEMGTHZL R 2IFEEKTZ A LF —DEWVIREEIZ AN
RUIINIB LRV, TORPHLTH, BTFERePEFROELZ/ NS LEADBRFEEERO =
NEX =R KD, ZDDRIFITRILE— ( symmetry energy ) & FREN S (N — Z2)? ITHKIET
ZIHEITMZ 5:

2 (N-zp
CAY3 TR 04
boym > 0 72 BIE, 7 (N — Z2)? VP SVE, fMia T2 F—13RES LS,

FBICRDIFEZAINF -2 LHARD &, BFE Z £ 723 EFE N 2238 O+
BRIEFBDOELE L DMEZ AT —=DKEV, ZHIKSTOMNMEEER ( pairing interaction ) 127
K2d 2. BF—asd 2032/ EEIE 0 DX (pair) IZHT &, LD5HE X D5V
I LTEIC, ZOMHEAEEHOREIX, FEHNWITIE A=2Z+ N PH RO X A=08LT

B(Z7 N) = bvolA - bsurf142/3 -b

8(A), Z =18, N =18 12

A= . EEL 6(A) = —= MeV 63
. {—5(A), Z =% N = T (4) = 77 Me (6.3)
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TR IV Ao TWE, MErs

Z? o (N — Z)?
CAL/3 TV 94
%%, ZhETAYE Y H— R—F ( Weizsiicker-Bethe ) DEERR ¥\ 5, FEEfH % FHIHE
FT2X512(6A) DRI RXA—RERDD L, HlZIE ((HAIE MeV )

B(Z,N) = byl A — beut A>® — b

+ A(A) (6.4)

byol = 15.56,  beurs = 17.23,  beym = 46.57, b. = 0.697 (7o = 1.24fm ) (6.5)

TH?2, BR=IDKTRLEFETKZIZOWT, (E8) OFHOTFEEZRRT 2L TRIO LSk
%, MOKCHIRA BIR=YDORNTR LB S0 RHHRTH 5, MM LE —DRFIT DI
EOWCRZZD, REINMIANF—0DHB720I1C Z~ N ORI D ZEICKD, BRI
LB,

15 F bvol
_F EQHEYES
> |

[
=
<C
Py
< ) SRR L —
X
Q
0 i L1 ‘ I ‘ L 11| ‘ I ‘ I ‘ I
0 50 100 150 200 250 A

ROFCERIE L DI RS, 351HIE AE = B(3EERE) — B(E3)) R L7, (53) &z
RTH 5D, FBRIEE DR D BOEETHET 2 2 L2995 5,

ESL A (62) AE
30Caqg 342.052 | 341.270 0.782
907rs0 783.894 | 780.966 | 2.928
192Dy, | 1324.109 | 1323.443 |  0.666

28 Pb1gg | 1636.446 | 1624.892 | 11.554
B8U1s6 | 1801.694 | 1805.306 | — 3.612

(HAZ1E MeV )

W0Fr, 208Ph @ & 5 REFEB ORI T, (B3) BB L v, TRIZE B EE
PICHIEXNTWS Z =205 Z =100 ETOH 2400 ORI OWT, Z 2527 &%
AE ZHEFHN OB LTHWZbDTH S, EREEREDE AE X N OB E UTH
BB ZNE L, Z2 DA N PREBO L 2RI 2 2 WO BAMNEDNH 5, AE © Z {7
WKOWTHFAKTH 5, ZOHANMEEFRICHBIEEDTFET 2 2 L 2RT 1 DDOFEBRIVIET
H5,
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20 — _
o | :
o | :
15 :— : | _:
I ) :
= 10F I E
2 oﬂf | i :
;/ = | /';;}}\‘\% ]
L NI E
RI L Ao _
,",’%ln',‘,%(“t\ ,/;o;@w// \}\\w‘ :
R W | ]

- 28 50
20 - | | _
15 -
= 10F E
q-) - —
S o .
; 7
q .

6.1 T rric@<EN (51)

Gm?

G 2
- = =6.71 x 10739 (?/GeV
\7’1*7'2\27 he 8 (c / ¢ )

DIMBICDOVTEZ S, 2120, m WETFOERTHFLHETFOEREZIE/HT 5, &
B8 X —ZDEF (B3) X me? =939 MeV % v X,

L Z7—aryzIinF¥— (62) ZHEVZOFEKCLT, MEZANLF —"DEIDFE

Eqg &
_ §Gm2

57‘0

Eq =bg A3, b

THEZb6N 3 Z k2Rt
2. A=100 D & & Eg 13fi] MeV 72,
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3. TR IR BRETREEZS (Z=0,A=N ). ZOKRETENELET 57
YOF JLHES
B+ Eg >0 (6.6)
THb, ADEFHICKENE LTREL AN F — by EMHEEH A 2EEHT 2 L
%, (BD) DKM A> A 1Kk D, Ac DRMUEIEE KD X,
4. A=A, DFRTEDOXE R EM km 2, ZOEEIZHERODE & 5.98 x 102 kg = 3.34 x
10°! GeV/c? DAafE D

6.3 EFRZOEFEMET

Z

126

114

82

20

HRIFET 2 T 260 BETH 2725, H CIMMD A TAICED - TL % 5 NLERIET#%
bED DL, BEETITH 2000 MOEF ORI R ENTVWE, ThLDRERFHROGTH Z
ERMEFEN BRO LS Bofickhd, ZITRE A=N+2Z 252 ERBMEET I
XF—PREVWVHFHERT, Z<20TlE Z~ N THRAFEFEIARDILETH S, LHL, Z HHH
sae, WERRTKE Z =N H»o8NT, N>Z OKFCHM3 5. &N723»8%FEICIEH
T2%01 BTFEPEFLRBTH L TP ETAINF—IRELLRDL, L2L, BTHEos —
0 Y RENDFET 2720, GTFRPREVEFELTIE, BFeTEFrCESIRA LGN, 77— v
NOMREFDYEEL e NTE, TAALF—HNTHMTKL 5,

BUEE CIIER SN TV AR EVWHTFZIZ Z =118, N =175 TH %, ZHIF99H5 HIZ7
A1) % ® LBL( Lawrence Berkekey National Laboratory ) {238\ TC, ##HE) T )L ¥ — 23 449 MeV T
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H 2 SOKr #28Pb IEEXETH LN

N =184, Z =114 or 126 ZHuL & L72FEITIE, BT & M F2BMEZ & L, ZERIFE F~4
DL 2 L HERINICII TREIN S, ZORTFHEBEITE (superheavy elements ) LW 5, D
IR, EE OLE R FRZOEED b BN TLZERE (island of stability ) ZTEM 3 %, FEERIY
W ZDREZRGOFIEZMR T 2ABRINTED, Lt X512, EFITEVE 25 DR
FRECTHREIHERI ATV S,

JRFREBFEET % (Z,N) OFEPZ, D FICZENT 2T — NI T 2 LEMETRE %,
FREEE— P& LTI, AR, T, o FiEE, BRI RV EZ 5N 5,

B EAE BAEETCHEEHICLIIREZ 2, KO I, BHE (n—>p+e +7. ),
g (p 2 n+et +v. ), BT (pt+te =nt+v. ) D3IDODE—FHDH2, ETOHEE?
me L ¥R, Za—FY OERIZ0OTHEDS (0THRVE LTHIERIT/NE W), ZH 5D
MR T L F —HIICATREIC 72 B SRR

BERE M(Z,N)>M(ZF1,N+1)+m., BFHE M(ZN)>MZ—-1,N+1)—m,

THd, (60) 2flioTLOFHFZHELALF—TKDL

B(Z+1,N¥1)~B(zN)+ 28
0Z | p—se
THEMT B
oB +AME >0 FRF 9B +AM <0
- -

RO AT %, 2L AM = M, — M, —m. =0.78MeV/c? TH %, L7t > T, BRI
LTHETH % 5%MHF

o8 +AME =0
07 | gt
L% %0 (68) &AW TRAMICHIET 2 L
1 A AM 2 1 A be
Z=-—> (1 ~ b, — % 00074 |
21+ by A2/3 ( + 2bsym> ST b A2 2 ST 0.00748 (6.7)

21350 AMc?/(2bsym) = 0.0084 /N WH HMH L/, (B20) TIRE S Z = Z(N) ZEMERNTK
DIfERE (Z,N) ODHRICRT, ZOHiFRIE 8 ZEMR ( S-stability line ) L FHEN S, [ LEMR
DA DEFE, ErhnErh g REL THORFRICKR S5, (610) TIE AM ZRBH L2, 2h
& OB/0Z| 4 e =0 Zfli/c T, Lo T, BREMI ADB—EDD L THIEZFINLF —HHK
KRR FREHIRTH 2, (62) & (Z,N) OFHRKNITENT B TRULERERE X HB
LTWd, mDLERRTLDIMIILLE by = be/2bgym TIRE Do 77— Y FH (be) PEITI X
by BRELRYD, RERRTONHIE Z =N oM s, —h, T I F — (b ) HFRIT
X by DINELRB70 Z=NI2iEo<,

BFRE PP OTF 102 0T 20 BERR/NMEOZANLX -2 DBET RILE — ( sep-
aration energy ) £\ 95, B, BFOTREL AL ¥ — S,(Z,N) &

M(Z,N)c* + Sp(Z,N) = M(Z — 1,N)c* + m,c?

*http://user88.1bl.gov/element118.html
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TH5, PHETROVWTHRAKTH S, THETANLF —ZHEZALF-—TRDT L
SP(Z7N):B(Z7N)_B(Z_17N)7 Sn(ZaN):B(Z7N)_B(Z7N_1)

%, TRCTEFMETHREGTFROEN-Z%1,3,---,45 LEELT, S, DEREEZ N OB
B L Tiiuvwi, BBR=YD (Z,N) DN T, Z=N—-k(k=1,3--) OEHFIIH>TS, &
Tay P LIl b, MHAFERICX2ZHZ RS 2729, N D& T Z MEROFET#IC
DWTCEFTry bz, NBREEDL ZATIE S, EFREGENRELLE L, 2 2IdBEED
BRI TS,

12

10

2 100
7

| |

\
\
\
\
\
:
126 150

XTC,S<0BRLEHBTRERIANF—FEMABL TOTHLTLES D, ZOMREFRIEF
ELARV, LEdoT, BFie LTHFEL D % (Z,N) &

OB OB
Sp(Z7N)Na7N:4}:E:0’ Sn(Z,N)NaiNZZQE:O
THIRXN 2, (62) ZHVWTIOEMEERZT Z=2Z(N) 2k ¥, (Z,N) DSHRIIEB VT
S, =0,85,=0TERbLLIMREIIKRZ, ZhoDhiRiEEF R v 7#R ( proton drip line ), 1%
FRUY RTINS,

a B, RO BHOWETFKATIE o L BRI ZIIN T 2 ZEH THEEEBOHIR E N 5,
(Z,N) DIEFHD (Z1,N1) & (Za, No) ICHIHEF 2121

M(Z,N) > M(Zy, N1) + M(Zy, N,)

THIX, TRV F—ITATREICIR B, BT HRDGE Z1~ Zo~ Z/2, Ny ~ Nox~ N/2 TH B0 b,

Lo&MIERRAX (B3) &b

z2 20— 1 bo
AT 1-272/3 .
i 5%, BREBRRTHROEGE, (B2) 252 A>925 %182, A~100 A EOFETHTIX, H¥E

WK HKB T H N F —HNIIAIRET D 5,

=174 (6.8)
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© AT, M(Zy,Ni)c? + M(Zy, No)c? 1%, FiEE L
72 2 DD PRI ERICHN THIELTWb  ED
IAINXF—TH5%, 2O0DFTHELST B L, liHE
DEMT 2FETEFRIDOZ —a Y NEFHEL 25,
RT UYL RLF =TI L, MR
BEITCDORFRICRES, ThholEiET 2L, 20
WKHE T2 2DORT YOy LA LF 1%, #7777
FNCEXD X 512755, MENIARE L7z 2 DD
FREOBETH 2, T TEERI LIX, —RIC
2 —0O >V EEE ( Coulomb barrier ) B BTEES 5 Z :

Y THb, Bo PIEET % & di )12 3

B2 HRVA, BT HEME S Y AARROZ-DET 5, B @i L THET 2RI, Be
DI E & & ITHRBBARANTIRD § 2 22 5, FRINZIEF TIN5 2, Bl 2E, o
DG, 238U 1% Z2/A = 35.6 TH D &M (68) 2 T2/ 320, R 1016 FETH 25 (FHD
MR ~ 1010 4 ), — 77, 28NS ( Z2/A =43.9 ) OFRIAE 2 x 103 B e v, o FAE L BRI
oot T 2 HEEMEE, AL —ICABEE WS Z e P TR s v, R ITH T 3 HE
HOHZE LT, Z2/A=45 # BBR—Y D (Z,N) D3RR T

J—aVRTUT ¥

BHEOFERRXEZ R L7 LTHRID 103 Y Ee PHINZFHFHITHN 4800 TH 5, B
FAIETS O EEAIC K DR Z 2729, BRAABIC X 2 PRI S E VW D TH | WEETH 5,
L7=h o T, BRAEEICH T 2 REMIZEZ RS TE WV, (Z,N) OMHRNTR L& S, BIfEFET
2R 2900 DS FEERINICAER X, B, ERT 272 TR ZOREICOWT D EBRIMIHRS &
EDAREICR o TV D, TNET, RO GRIE, B LEMREL DK 260 FIZR s Tw
725, T 10 fERL iR Uz, BEFH Z R TWBHEBD 1 213, f BEMD bz Bz B
Dy THPEDIRFITH %, ZHHITEE QR FRICHATH TR W UHAETF A58 E T, ZEMK
TREARLABRVWVHEEZRO L HRFEI N 5, Hl 21X, YL % “Be 72 ¥ O O F MR I D
3 RFRTIE, FMF/\O— ( neutron halo ) & FHXN 2 @F LT OBEREICILD > TV
ZIRERFR I,

fS 6.2 (67), (E8) 23,

6.4 TT)LIHRER

JR 7% 7% BRI —FRIC M L2 & A2 L CTHEAR (B3) 2K, BRTHRIEETDOZER
TH200, 20 K5 BREMNWERTER L, BFE2HRR WS MAENER D o RN 2 BT
X ThHb, TIT, ROMHLMEANETH 2 7 I I ARBERICHESVTEITALI, 7=
NIH AR BRFEEARR 7 2L I A DEERRE LTIRS BAITH 5,

JRF I TR T T EENS, BELR O FORENBLIC SA SN TW A IREICR 255, Y
VEMD DRI ND, 20D, KT T ORE % 2T $IHNIEE) § 5 iR <
B2, LIdoT, BhOMBREDHZFERT vl Ur) TEEIRZ, BTidthokTopsE
22T SITHALIZ Ur) 2 EE T 2 &\ 5 FI5EHEL ( mean field approximation ) ZE AT &
%, ZOEMOMGERIGEDN 7 2V IH AR TH S, 7 2V IFAFBTIE Ur) = —E 1Tk
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50 CNEFZANXF—DOREERZZEZ 2720 THY, HHEMTFOHEB L FRIUTCICRK S,

(Z3) D OFRETFEA — 00 T p(r) = po ~ 017Tfm 3 127D, BEIX A WD r THKST—E
K750 72V I AR TEMT ORBIBENRFHEIKICR S 720, BEZ A D r ICHIkSR
W, IO s, RTFREHOMEI D H HEEITKR %Zﬁb\'lﬁgk’)h\“ﬂi, 7 2V I H AERIDE
PEANTIE X WVIEBUCR 2 EBEZ BN S, B, BE—E CTHERICIAD o BN E %z &8
( nuclear matter ) £ W9,

HEZ 7z VI A VDERRTE, HAD 72 VIFDANIN =T Y hIE

152 FLQ

THb, h DEFIRE L BEHHEIZ

h2k2

Yp(r) = Ck exp(ik-r), Ey = v

L%, (69) OIREIFEBIIERICIAD > TE D, #E OB
/d3r ()P = \0k|2/d3r P 0= 1

BTERV, ZZT, ABNICLIE L DERDOYGEREEDRELOBRWEIDEEZ, ZhEFhD
BED Y 2 A THEIHNERSGE R RT3, L BP0 RKEFUR, WAL TOEENCIEL A Y
BLREWEAS, b2 FENEREE I

Y(x,y,2) =Y+ L,y,2) = ¢(x,y + L,2) = (z,y,2 + L)

Thd, Zhhrb
exp(iky L) = exp(iky, L) = exp(ik.L) =1

L7edio T, ng, ny, n, ZERERE LT
ny, k;=—n, (6.10)

ERD kEREREDMEIZTR 25, L — oo TIRHERICR 2, BMLZ 1 DDOFTITS> 28 2d
526%:UV78K5099TV L 3O ETH %,
Y1/2D7 2N F D1 AFIRREIE, ZREFOREZXRT (6U) & AV IREOMHE
1
V(r) |£) = —= exp(ik-r) [£), [4) =|s=gms=%3)

vV
TH2, |[£) ZRAYY §?, s3 OFKEERETH 2, RV VOFEHEIS, 2007 2L 3 F VHFHE
C 1R FIREER 5D 22 2IETERY, L2 o> T, N FROREEIREIZZ 2L — I N
oD 1R FIRENHEINIRETHS, ZOLE, HAEXINEREDS S, KD k % kp TF
T krp ZT7TIIRBL VS, HEXN LR TFIREOBINFEICELLLES

) BB IEED S 3 3

Ng Ny Nz mg=+1/2 Ng My Nz

THd, 2L, flld

T2 4n2+n2)"? <k

1/2
k= (kg 4k +k) =7
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DM ZTZT (g, ny, ) TOWTITS, ZOM%E k DEDCTEZIMZ 5, ky 13 Ak, = 27/L
BECEHEMRICIHATHWS, LT

L L—oco L

TH Do ny, n, KOWTHRAETH 225 (d®k = dkydhydk, )

L\’ V 4r 1%
N=2(— k= — —kp = ki 11
(27r> /k<de F 473 3 P 32 P (6.11)

HEE) T F L F — DA Eyi, 1

EkZQXYﬁwzﬂr/ B AL A . L (6.12)
" — 2m (27)3 Jickp 2m 572 2m 5 2m '

&5,
B Z, P N ORTREEZ 2, BT, FHETF 07 = 3 KD, K 253,
TRUEHEE rg A3, (A=Z + N ) DR B8 205, (KiE1Z

4rrd
3

V= A, ro=1.1fm

TH%, LId T (EI) H 5

o _ 325 1/3_i 915 1/3_k % 1/3 L _ ﬂ 1/3
ro\"v) Tr\wa) T\a) o T

L »
szé(iv/ ~1.38fm™*
TH53,
Z=N=A4/20858 kP =k = ke 12525,
AU L2 X vp 1 0 _
Vp = hmﬁ = f:;]z; c~ 1979201'38 c=029¢ S

R, RFEPOKTFIEEHED 1/10 FRE T
FLTW3, £/, 72V IEHZRLF— cp
[

EF
(hekp)? (197 x 1.38)2
= = = M
€F 2mc? 2 x 940 39 MeV

THb, TB—EDRT > viL Uy H&EH
LTW3e32e, BKFOZRNLF—I1 U

S
<o

L Y

h2k2
2m

BT Oniz 3L ¥ — S 13K 8MeV TH 205

+ Uy <er+Uy

Up = —(S + ep) ~ — 47 MeV (6.13)
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7 2L I EDEFE DT, REDH —50MeV DRT > v LHEREEIL TWD, 7L 3 H A
Bk 3 Z OFHINE, EEOR FROUEEZHRT 2 X5 KD E—hKRT U vy LOFEX LIFIF
—HT %,

(E2) 205, BGFE Z, FHEFE N DR FD By, &

2,(p) 2 27.(n) 2 2/3 2/3
EkinzghkF Z+§hkF N:3€F<<2Z> Z+<2N) N)

5 2m 5 2m 5 A A

(Y
(Y
o)

Z-N
A
Y¥5Y Z=(1+12)A/2, N=(1-2)A/2 THB15

Tr =

_3_A 5/3 5/3
Em—ﬁng(u+m) +(1-2) )
Tl DL ZE

-1
(1:|::z:)”:1:|:n:r+n(n2 );p2+...

TH5056

3 5 3 2 (Z—-N)>?
Fyn = —€pA |1+ -2+ ) = SepA + Sep—t
k 5€F ( +93: + > 5€F +3€F oA +

L%, BYHMEIER (h) %5 %
(Z - N)?
2A
CIRET 2. ZHUIKNIVEBIENITH2 Z e 2EZEB LT, BT i, j BOKN v(i,j) &

VoA + Vi

v(i, j) = (vo + 1T - Tj) S(ri —ry)

el 52,00, ) OREREICE T 2HHEL2 58T 5, REERDTALF — F 13

_ 3 2 (Z — N)2
L= <VO + 55F> A+ (Vl + 3EF) T (6.14)

Y5, FAHMOERE M BETOBIEI AL —2ED 22RO I LF —THI305, Zik
ZONIN V=T YOEEBE THT

M = mpc2Z +mp,®N + E
THd, HETAINF—BEB=-E k5%, ChICEELT(ER) & (63) KT 5L

3 2
—byor = Vo + 58F7 bsym =+ ggF

byol & 16, bsym ~ 47, € ~ 40MeV TH 205 Vo ~ —40, Vi ~ 20MeV 1272 %, BT 2 L¥ -1
Bhomusl itk Tdhodh, EFHo X —0FS53Ihz2Ho 28235, —H, %
MIAINF -3 EH I L —NRERAEEDFS 2T 5,
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7  FEAMIRENF
7.1 1 XITIAMIRENF
1 ZIHAREI FDONI A =7 > hIX

2
D 1 5, L d

h=-"—+= = —ih— 1
oy, T 3™ T, P i (7.1)

Thd, TONINE=7 OREHMEL EHIREZRBENICKRD %,

azmwx—i—w7 aT:mwx—zp (7-2)
2mhw 2mhw
by R
[a,a'] =1 (7.3)
THb, z,p % a,al TEDLTL
. [mhw
x = 2mw(aT+a), p=1 3 (aT—a) (7.4)
Nk hITRKAT S
h = h7w (aa’ +a'a) = hw (aTa + ;) (7.5)

i85, L7zhoT, ala OREGMHE, EHRKEZRDIUE IV, DT OMEEIIRBBER (3) 7210 T
RE2 L ICHEREY &,
EHED n TH2 ala OBSLEINIEHIREE ¢, (r) TRDT:

dlaen =ngn, (al) = [do g (@)pnls) =1
KRR (3) &b

(a'a)a" =af(aa+1), (afa)a=a(ala—1)
ERBND

(aTa) ale, = (n+1) aton, (aTa) apn, = (n—1)apy,
THb3, ZhZ alp, 28 ala DEBMEn+ 112, ap, PEEMEn -1 KET2EERETHZ
BRT, LEAMoT Cr BEHELT
aTSDn =Ciont1, apn=0C_pn 1

EBT S, puri(z) DEB LA TV 05

|c1+Ft/éaxpz+q<x>wn+4<x>::|cu42:=b/&x<afwn>*aTwn

al DERDS
(aTp,)* = ! <mwx .= hdgpﬁ)
Pn o Pn du
AT ZATY, op 0 (2— +o0) iS5k

o
1 dp? )
= dz [ mwzp* — h—2) aly,

d
dx o}, <mwx + h) aton
dz

S P N I
2mhw " T V2mhw

= /dxg@iaanpn
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aat, = (ata+1)p, = (n+1)p, THZH5
|C4[P=n+1

b, FRRIZLT
C_F = [drg;alap, =n

D6 n 3ATRVERTHS2, n=02F5 apg =0 THD, oo I a ZREEHALT
H 0 THb,.n>0DEEFTrY DY ap,, a’¢,,a’p,, - ZEZ 3L, ala OEHHEIZX
n—1,n—2, n—3,--12%%, n YK TRV T 2L, ZOFHNAZEEMEIZ 0 ITIZR WD
5, FNFERICH E, BOBHMDIFET S IR E, —H, n> 0 PBEZLI1E, EOFID n+1
FHLEOE AR 0 122D, ADEAHEIFFEL RV, Lo T, n 3BETH S, Dlbhr

5, Cy MIEDFEEITH 2 X 5 Al 2 B
atap, =ne,, n=0,1,2,3,---,00
aton = Vn+ 1ens
apn =Vnen1, n#0

apo =0

THb, LNICEHANEEZ T,
(3) 5
h o, = hw (n—i— ;) ©n

IV F — B A EIGERRICR 5, 22 OWIFRHER (3) XD

h 1

2\ _ 2, 2 B 1) — 1

(n|z |n>—2mw<n|(a +a +aa+aa)|n> - <n+2>

TH b,
() ZfE5 &
1 1 1

:71' = — Tzn_ — i = (gh)

Pn \/ﬁa Pn—-1 n(n—l) (CL) Pn—2 \/Tj(a) ¥o

ERE D, WEBE o, (x) ZRD LS, ERILOEM g = /mw/hae ZHAT DL

N g R = s g U e

Al S i

(7.10)

(7.11)

(7.12)

(7.13)
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26, Bl S 7= BEBER L LT

1 d\" 1 mw 1/4 d\" -
[ — _ — - . —q /2
N (q dq) polz) = —o— (1) (q dq) e

L%, (EEOBE F(q) TR LT
2 d 2 d
_ .0 /2 2 —q7/2 _ _
e F(q) (q )<F(¢
DR IIDZLITEET 3L

(q—-éZ)QPYQ)= (—%ﬂ”2;25ﬂ”2>2PY®

_ (_1)2eq2/2die*qgﬂeqz/?dieﬂf/?p(q)
q q

22 L g
( ) € dq2 € (q)
[FRRIC LT

(0= %) Fl@ =(-1rer’ Serr ()
qn

2%, LlehioT

(q — d) em0 /2 = (—1)e?’ /2 die—tf = e T/2H,(q)

dq dq™
7272 L o
an(q)::(_anquggge*q2 (7.14)
oI - b 2HEATH 2, 2O
1 mw 1/4 _ 2

2195, T I— FZHAOBRIIDEOHIE
Ho(z)=1, Hy(z)=2z, Hy(x)=42*>—-2, Hz(x)=28x>— 12z
TH 5,

NUT a1 —RIZ, EIBEE o (r) 12X LT

POISERZTAHET P2 AV T4 HET WS, P OBEAME n BT 2EEREE ¢, (r) &
T 5:

Py(r) =niby(r) DFED ahy(=r) =niy(r)
TH5, 2BHOROWIIZ P RAFHEES L 0y (r) = 0y (r) THEDSE n=21155,
V7 4 OEEIREEZ

Y(=r)=v(r), Tl ¢(-r)=—y(r)
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B TRIETH 2, MBEREAY T4, BEEERY T4 OREL NS,
T — FEEROWE Hy(—2) = (—1)"Hy(z) 55, 1 JGEIFHREBT h OEERE o, (2) 1Z
R T4 HET P OEGRETD 5 5:

Pen(z) = (=1)"¢n(x) (7.16)

M 7.1 [a,a']=1%HLTHETF o LT
ay = Ay

WEDERINZ2IE—L > MREE ( coherent state ) Yy ZF X %, T I T NIFEEBHT
H5,

L o, BEERZRTDIDL Yy &
wk = ch Pn
n=0

CEHETE 2, Bl c, ZRD K, 72721, o BIEDFERHEL, W\ =1THs, Z
DRERIZ
wA:exp(f\/\|2/2+>\aT) ©0

LEEHOLND R,

2. Y\ BT B z, 2?2, p, p? DHRHEZ KD, ¢\ BIRDOFHEEEEGEEHIT L%
T~

3. ab—L Y MREOKEIBEE  \(z) Zakt—L > MREOER Y (C13) ZHWVWTK
® K,

4. XD Z & AR X,

2 12
> [Erun@uiw) =), ON) = e ( et xw)

L A=re? 3B %
[e’e) 27
/dQ)\:/ ’I“d’l“/ do
0 0

TH b,

7.2 3XITIAMIRENF
BERXEE 3 XCHMRE TFOANIL =7 Vi

2 1
p 2,.2 717
_ .
h= m—‘r mw-r ( )

TH %, h i3 D>OMIL7Z 1 XoTHHNIRE
2

Py L 99
- =12
h=hi+hs+hs, hyg 2m—|—2mw xy (k ,2,3)

CHRETE 200, ZOBEAE L EAIRER

3
h@nlnzng (T) = hw (nl +ng+n3+ 2) Pninang ('I’) , N, N2, N3 = 01 1» 27 e, 00

Prinang (r) = Pny (z) Pna (y) Pns (2)
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THEZBNE, TIT pu(z) &1 XITHAIRE FOEARKTH 2, h ODEIEEEH N = ny +
No+ns P THREZNLS, N 25270 %

ﬁw(NJr;) , N=0,1,2,3,---,00

BT B EERIE 0y, 13, N = 0 ZRFISEEAS D FEL TV 5, MEES dy L T5L,
dy X NHO o ¥ 2D e %

O0+++-00@0@00:--00C@®@00C-+-00

ni ng ns
DEIIT1IHNCH R B FEOBIZEL VD)L
(N+1)(N+2)

dy = N4202 = 5 (7.18)
TH5,
B EER (82) €ijk 2S5 L, X7 PRI
(AxB), = Z€kiinBj (7.19)

ij
LHEHFL, PIZEE=3DL %
ZE:;z'inBj = e31241 B2 + €321 4284
iJ
Y%, 123 — 132 — 312 — 321 X D 312 1% 123 OEEH, 321 IFEBRTH 205
ZEgiinBj = A1B2 — AQBl = (AXB)3
ij
DT B FRETD 5,
p® ZHUEAEBE Wl =rxp D F (rxp)- (rxp) TET,

RO = (rxp) (rxP)e = Y ) Chmn T Pu Y Skt T D

k k mn m’'n’
=
h2£2 = Z (5m m Onn/ — Omn/On m’) Tm Pn Tm/! Pn/ = Z (xm Pn Tm Pn — Tm Pn Tn pm)
mn mn
m'n

EIRBo T Pn — PnTm = ih0mn & D ( THEERG % HL)

szpn Lm Pn = me Lm Pn Pn — ihzxmpm = 7‘21)2 —ihr-p
mn mn m

mepnxnpm = ihzxmpm +mepmpn$n
mn m mn
= ihzxmpm +mepm(xnpn _1h)
m mn

= mepm InPn — 2thxm Pm = (r'p)Q — 2ithr-p

mn m
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TH23056
R0 = r2p? + ihr-p — (r-p)2

218 %, Oxy/Or =xp/r THIHH

Lo T

Y25,

p? % L THEL hWITKKATS L

L A TGS WP
_2mr8r2r 2mr?2 2
CDONIND=T VR L BT 05, h, £2, (s DFEFEEEIRRE (r) DEET 5. £2, (3 DIE
A BRI ERTE FRAFIBERL Y7,,(0,0) TH 2725 ¢(r) &

(7.20)

P(r) = R(r) Yem(0, 9) (7.21)
Y B 5,
Y (0,0) = L(L+ 1) Yyn(0,9)
EDEAEHER by = Ev & R I2OWTOHER

2 1 2 2 1 1
(—th T+ Gt éfj:; ) + §mw2 7'2) R(r)=ER(r)

2725, MRTTOER q=/mw/hr ZEAT S L
1 d? (e+1) 5\, 2FE
(—qdqu—i—qZ—f—q )R_hwR (7.22)
g PNENE ZAT R gt THBE LT (C) KRATS L

2F
1) —k(k+1 R p—r
Ll+1)—k(k+1)+gq o

q—=08T28 —k(k+1)+0(l+1)=0t7%%5, k=L, —({+1) TH5», R BHFEHFTHML K
WedZE k=0 ThHb, 22T

R=4q" f(q)
tBEZr=¢ 35, () 1F

d? 3\ d T E
<_xdx2 - (z - 2) daz+4) J(@) = 5 1@ (7:23)
&b, x— o0 TlX ,
d x
(xdsz)fO

THB00, EREFT0IWCRSMBE e /2 DESICIREES, LidoT

fla) = e g(x)
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r¥2y (C3) 1k
2
xif+<0+3—x>aﬁ—;g+3—-E)g=0 (7.24)

2B, THIE (ED) T

Y LA RAEBMM O TR TH 205, ZOHBERO R
g(z) = erM(a,b,x) + cox' "M(a— b+ 1,2 — b,2)

% H2HEH 2P =272 F 0 =0 THRBT 200, g ZZOHEEZGATERLRY, L
3o T

1( 3 E
ﬂ@qu¢+w%m,a2Q+2m)

KB, (BA) XD a B0 ERFEAOERTHRVESIE, g(z) 13 2 — 00 ITBWT e THKT 2,
Lo T

a=—(n—-1), n=1,2,3---,00
THd, TOLZg)F —a=n—-1ROZHEARIZL S, n B 120MHEF5 L5 LDFHICE
BTH2, Ubd»o, 3XRTHAIRE 7K 7 > > v L OREFE & A B IZ

R(r) = Ny rle=a" 12\ (—n+1,0+3/2,¢*), q= \/ %T (7.25)

3
E =hw <€+2(n—1)+2) (7.26)
n=123---,00 £=0,1,2,---,00

B0 Ny FHEBLERTH 2, n—11E R(r) =0 RZ2HDEREEZ (r=02&F7RWV),
R EF# ( radial quantum number ) & FEENL 2,
(C20) & hw(N +3/2) 2T 22, N 2527 Z3FEh5 01F

(=N-2n-1), n=12---,[N/2]+1

12 B, [N/2)1E N/2 ZBARCBRKOBETH 5, Rixd ( ORENHHES 25, 2 TR
P RToov (87 —nyRT v ) OFRETH 2, ( DIREIZ 20+ 1D 225, EH
25 hw(N 4 3/2) ORI
[N/2]+1
}:(uN—ﬂm4»+Q:qmm+U@N+LﬂwﬂD:
n=1
ZAUIANT R D 7z (CIR) 127 & 720,
PHAREN TR T > > v VOREFHIREZE nt THRET 5, 272L 0=0,1,2,3,4,5,6, - ITHL
Ts,p,d, f, g, hy i, - EWVWIDHENELEERMED, 1s, Ip DL I ICEHEL, N IS VHE

(N+1)(N+2)
2

N | 0|1 2 3 4 5
nl|1ls|1p|1d,2s | 1f,2p | 1g,2d,3s | 1h,2f, 3p

THb, PRI N =3,4DKREICOVTr2R(r)?2 2R L7z, BTRD S X5, JRF~E FAFIRE)
TRF YT Y LTl T % & &, AIREE w 1% hw = 41/AY/3 MeV LT E %, XTI A =100
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D hw = 8.8 MeV ZH Wz, B IE%ERE R = rgAY/? 2K bT, (C20) © £2 OIEIZRL A
FUTXATHY FHNCH L, HuAEFHESKEWVIEL ZOMBIIREV, 2Dk, { K
Z72 R(r) WEAMANCH L XN B,

—
—
|
g
~—
(o]
—
~
~—
&
(o]
~

10

B 7.2 1RITDOL 2L T4y H—HBER

- 2mda?

< n® d? LV (e - 26—aw)> Y(z) = Ey(x)

T E EEBEB (r) LIV F—EEEE 2RKD 2, 72720, Vo, a ZIEQEBTH 5,

HLWEH
2v2mVy _ . vV—2mFE
y = (& , ]{j =
ah ah
RPEATLE

b =e2F f(y)
BB ERE, fly) BAERMERMAMY HEREH 2T, K, y=08 y —
TO fy) Wt 2558 %M4H 6, EHEZIEE L.
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8 FIFaML

JRFHOZEFRZHD DICEMRELE, BEFIE AT 2 ADEFHKICE D2 DD Lo

BFDVOL B FERT Vv VOMTEZONZ L, ZORT VI vy AR —D—DDETHM
SASEH LTV 3 &9 5 A ( mean field approximation ), & %W &, MITK FER (inde-
pendent particle model ) TH %, ZDELUL, HFOFEWHEEZETFOBRMEEL LTHHAT 2, HT
BOBERMOFER, AR HEMEL D D, R TP O%T OEE) 2 FE5a bt TtE %
N Nl 3 B

BT OERRTHIREFHONIN =7 F, HEERAD 2R TFRIEON 251X

H =

(8.1)

ERED, TITp, 3T OEFE, v 3T L j OHAEEHZRD T, REOHMETE, H
DEFRE L EAEMEZ EMICKD 2 ZEIERAEETH 5, £ 2T O2DEMEITS DIFIEDN, &
G I B EIIE R TH B, —RKRT Iy LBV T35

1
H= E:( >+AH AH =33 vis = Vi
17 7
TH 20, WYIR V 2 X2 AHEENZ V TR DIAD S EEZXT AH Z2HAL
p?
HmZ:@m+%) (8.2)

TEMT 2, B ONINVF=ZT TR vy ZBELTEKT @ BMOKT j OREEZZ T 5, L
L, (B2) TIRER AT EEOMNT 2B DIZRV, HL2DEETIE—KRT > v Az ES)
LTWBZ 2%, 72V IHAERTHIRAR X512, HFHEHP TR B TBELE, BELR
DT OREPBLICHEBEIN TV RREBICKR 256, SV VFEHEOLDHE LI, 2Dk, &%
THEMOBT OFER 2T TICHIER T 2RI EL KD, LD oT, BIOIOMRE D 5T
ERT Vv NV TEBEMHUZ 2 FEGAMEEATE %,

VEN=F) = T3y 7OFEREICED vy BT 213 TES, LAIAL, RFHO
G AN BEMI T, LR T V2 » VEFGEL TR TFRROMEDHATE 2008 5 i3
miﬁ%ﬁ%ﬁ&%ﬁm%h% WA LTS, FGEM TR, BTB 1R AIL =T
Yh=p?2m+V O OEEREEN TP EDEPEIRET 2 I ICIVETFREOREERD T,
ZOeE RYVFEHNS 200K FSRELC 1 NFREZHDZ 28I TERY, L2->T, |
FROEEREBEIZ AN —DRHMEV 1K FRELSIEICKRTZ 121 DD IREEICR 5,

8.1 —&KKRF>Iv¥IL

—KRT UYLV ELTEDEIRDBDEM oL LV, TITRERELIIEEL TAS,
VL TP A - 1 HEOT e T 2HEEAEFEL L DTS, Ledis T, &dHHMIC
BEZANR, BTEEZ p(r) £ 55k

vhqz/fwmr—wmuq



8 FISIZAL 54

THH A5, ZZTo(r—7r) & 2200 FrEhzir & r THI5EEHIBNITH S, fi
HD7DIZ v DALY « 74V A MRENEE 2700, BRONBEENITH 2056 v(r—7') =
vod(r —r') LTI

V(r) ~ v p(r) (8.3)

275 %, BESHZR TRNETIRIEE—E, BETATARICRYT 225, V() BRICRLE &
IBT v R WY VRN D, THEBEFNHIROWRTVWERT VY v L THEISGEMT %% 513,
Z D 1 DOBEMEFANRE FR T > > v v

V(r) = Vao(r) =V + %mw2 r? (8.4)
THb, Mo E512, 220DEM V) & w &
IR, RPN CIANRE R T v vy e
E3)RATL XS BEZ WL T 5, ChhbE R %A
REEIWCH L TRETRINBTORT Vo v LOMEIZZ
NEEBEETERV, ZZT—FAILF=72 LT

p> 1 45,

ERHT 3, 2L, BTy v X-H Y URIRT Y%
JATIEDF 3 7=, WiE M EEN R 02 Ll % EHE
Mz 3,

BH) IZEENDZ T A=ZDIH, Vo B A ALF—[EHEZEERIIS 7 PSRRI THSH
5, MHMELICED D, —H, w @RTF VT vl, LEDoT, BEDLND ZRT, w TR
MoNFHTFHOFE ZREREER T2 X5 CkD 2, AMTROFEEFRE () 1F

/
Alr?) = Z (n1ngng|r? [ny ng ng) (8.6)
ni ng ng

ThEzxzohz, 22T Y BHETFAEDTVRREICOVWTHNZTS 2 2RbT, (CO) 25
r? =22 +y? + 22 OHARFEZ

h

h 3
<n1nzn372n1n2n3>==ﬂw}(n1%—n2+—n3+-2> :WW)<A7+-> = (r’)n

TH3, BHOEDGTFeHFHETFIZHICN=0,1, -, Npax T TiHEFoTWVWBE LT3 L

Nmax 2% Nmax

r?) =4 Z dN<T2>N=@ (N+1)(N+2) (N-Fg)
N=0 N=0

5&7;5 7’:_71:_14 dN—(N+1)(N+2)/2 &iN—nl—an—i—ng O)'H( @%L,#Tzéé if., B’ﬁ?
EHETFZRZIDFEEG T 500 24, HiZ, ACVIRE [s=3, m,=+1) OBHENDH 2225 2

&L 7=, ,
n(n+1)(2n + 1) " nn+1)
Zk2 6 ’ st = ( 2
k=0
ES &
A(r?) = 2h 1(N + 1) (Nmax + 2)2 (N + 3) —max>1 i(zv +2)4
- mw 4 max max max 2mw max
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%182, Thhd hw i ,
_ h 4
P = 3y ) (Nmax + 2) (8.7)

L% %0 BRTRED TS IR FIREORBUITFBICE L VW2 S

Nmax
2 2
A=437 dy = 5 (Ve + 1) (Nasax +2)(Nonax +3) Dmax>1 3 (Vo +2)°
N=0
TH50 Npax 7 A TRDL B2) ITRKAT S L
3 73\ /3 2 >
= - - /3
hw = (2> i A (8.8)

%%, (BB) THZROND A(r?) ZRTFEE p(r) TRDT L
Ar?y = /d?’r r2p(r)
THb, p(r) £ LTEBRIICKD SNz (23) 25 &, B EB OBRES (28) 5

o 3y a3 1/3)? ~2/3 ..
(%) = SR (1+ 5 + —5(1.12A ) (143844240
7%, A= 100 H72 D DR FALITH LT 3.84472/3 O%REH BT 2 & BHMIIC I
o 3 1/3)2
<r>~5<1.2A )

THEMTES, Zhz (BR) IKRAL, me® =940 MeV, he = 197.3 MeV fm % fif5 ¥
4
E
8%, A=100,200 D¥ =, hw OfEIZZHZN 8.8MeV, 7.0MeV 1274 5,

FFREN TR T > & v MICEDTIRE, BIEEBIX Npax HECTRBIKTDHEE oL RIS
EEZOND, T E GTERIEPETOMEBIX

hw MeV (8.9)

Nmax

1
2 Z dk: g(Nmax“i’]-)(Nmax+2)(Nmax+3)7 Nmaxzoa ]-7 27 37
k=0

n5 2,8,20,40, 70, 112, 168, --- 1K %, —H, FEEc Xk % ¥ BIEEIZ 2, 8, 20, 28, 50, 82,
126 TH 3, Z F7213 N 2328 U EOBEEBIEHRAFIRE 7R 7 > > v L TIEEATZ R0,
PRI+ R T >y VOBGE, Bixd ¢ OREIHEET 2, L ZOMBRRILHE 575
DI he £ITT, ANIREIFART ¥ %L Vio(r) ORHODIZ, Yy X - F IV I RT VT v L
Vo
" 1+exp((r— R)/a))’
EHOCEEEFEERZXICORT, F2DREBICIZETE WL L ZOREZTF2o#EDREEED
BT 7213 TORFBBRUTZ, ( DRERIIERICHET 5, 72721, &4 DIREEIX, AV Y m,
CHESE T me 1ITOWT 220+ 1) HIZHHEL TW5, HO X hw & LT (BA) % {# - 7= FARIRE
TOEAHETH S, (BA) D V) 13 1s REDEFELEY v X - H 7Y e —HF 2 L5ICH -7,
RPoanb L2, VX - HF IV VRTUYIy VTHOEBRNLRBEREHRT A2 2IETER
Vo KT ¥ LDARTRX—RDEEEZT, HlZIX 1fIRED N =2 DREB LW T3 8,
BEIRENZ 20 25 34 127 %, LA L 28 ICIE AR 5720,

Vavs(r) Vo=—-51MeV, R=125AY3fm, a=065fm (8.10)
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Ty X BV VORIRERLSE, B N 2008 L2IREETIX, REWw ( Rz 21
F—EAEE T2, EREMETE Viws(r) & Vio(r) KHNRXTEXDFINNTH %720, #%KH
TOFEMERPEHNVRBIEE LA LF - 3RS R 2, BBR—Y DR S ( DRZLIREIZEHEK
T C DFAERERIZE W,

MeV A=142
0.0l =2
P 14,290,345 N___ 1; 138
B _-3p 112
—10.0p *tt=lsop —.1h 92
4 35 70
1g,2d, 3s oo2d 68
~20.0} g 58
n=3
1f 34
—30.0F n=2
I it v
----1d 18
n=1
—400F 1p O~y 8
n=0 ----1s 2
5000
: HO WS

8.2 REYVENEAH

1949 £, Mayer(X 4 ¥ —) & Jansen(£f T V¥ V) IZMIIZ, = KR T ¥ ¥ v LR E VEE
73 ( spin-orbit force ) Z BT & T, BERZHHATEZ 2 L 2R A L, HONEALLRT
YU &

10V

Ur) = V(r)+Xis —5-£s (8.11)

ThHb, FHFEIBE V() ZRIEHITH S T2HONRT Y 2 L, F2HEBRRA Y VHENTH 5, i
RHEICT 5720, V() = Vio(r) £ 53 &, (1/r)(0V/dr) EEBITIR 556

U(r) = Vio(r) + ae (€2 — (€*)N) + ass £-s

TH B, 1FEL, Vis(r) DIZRAF MRS 5728, 02 BT 2 EHEMA 20 ap < 0 72
S0 OREFVIREED T XL F—[EHHEIZTLE 2, EHK

S ee+1)20+1)
)y =+ _ NV +3) (8.12)
> o@e+1) 2

l
WBELT NROMWEMICEET 2 2 OFEETH 25, ME O AT N L2 12X ELL
BWESIZ 2 eELIV,

2

h = % + Vito(r) + a (€% — () ) + ags -5 (8.13)
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DEEHEEZRD S, EAEINER j=L+s ZHEIL 2s5=35°— 22 TH 225, L% 5% 5> DF
REEAIREER 513 h OEHEIRIEEICR 2, LEd > T, h OEHIRER

Yejm(r) = Rej(r) Vejm (0, 0) (8.14)

LT B Vijm(0,0) 13 L L s BT §j OEAIRETS D, (630), B32) 5 5

{+ 1/2 l 1/2
Vi 0,0) = [ S Iy 00 4 T .01 815)

FREU j=0£1/2 THBe Vijm 1B

1/1 . .
Vi =L+ 1) Vijm s 8 Vejm = 3 < + 1> Vejms  3°Vejm =30 +1) Vojm

2
BT D
(ag £2 + ags és) 1/)gjm(’r’) = (ag E(f + ].) —+ agSAjg>1/}gjm(T‘)
ZzZT .
pe= LG+ —eesny-3) =0 2 =3 (8.16)
= \V 1)) ek, '
2 2

ThHs, ZhHhbH hd)gjm(’l") = E¢gjm(r) 8

<§; + VHO(T)) Vejm (1) = E' Ypjm(r), E' =E —a; (L +1) — (€°)N) — assAje

Y725, BRKEEK M 3 AR, FRE F AT Vo v LR T OHBA LR LR, B =
hw(l+2(n—1)+3/2) TH2, LIdoT, h OEEHEIE

_E:hw(0+mn—1)+z>+a4@w+1y_@5N)+ahAﬂ (8.17)

ThEzoh3,
IALF —[EAE (BT) ORRF2ZMITRT, 272L, A=142 T

ap = —0.026 iw = —0.20dMeV, aps = —0.15hw = — 1.18 MeV (8.18)

Ell. BB ) OEZ THEDORTFTROL, FIZIEn=1,0=0,;=1/2 DIREIZ 151/ D&
SIZEL, al? D7D, FHIEHFRET > v LIBT3 ¢ OFBRIIMRT, T3 ¥ —HEM Ty v
R BT VRT T VOB BT b DI S, BNTH BRI X 512, FIREIX 2(20+ 1) HiC
MREL TV, X518, R VHES ap bs ZERT DL (A0 DIREBIX j=0+1/2 j=(-1/2
WS 2, ThZhOMEEIZ2j+1, DFD, 2042, 26 TH b, aps <ODE X, j=0+1/2D
WX apsdje = apsl/2 T ZANF =T, j=0—1/2 DIREIE —aps(0+1)/2 EH B, Z
DEIZ L DREFVIREIFERE WV, L2 o> T, AV VHE AT < T |as| /2 ~ hw TH
2451 NBRIETIRORER LT j=0+1/2 DIRE ( NT « 2T 7IRE) 13, N — 17&
DIRFEREITIR AT 5, THHDIRREE N — 1BOIREEX 13 7 4 2SR D BABE ( intruder
orbit ) & 2 VIR /N T « #38 ( unique—parity orbit ) & KIXN 5, j=0—1/2 JREEIFRAE V)
BHOEDIAINNX—FZENED, ZHIE 0’ TED oD ZTBHTEIT, N+ 1RIBAT
3 Z2iEew,
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RAME ORI EEEEZ IR 5, HIRIE, N =4BRITBT 2 lggp RE(1=4) 1%, N =3
FRDOIRRELY T XL F —ITIFIERI LR B, N = 3B I THT 2D 2 LB TR E 3R 75
40127% 0 —H, 1go/2 W13 2(9/2) + 1 = 10 DG T 72 3HETH A2, Liehi> T, ALVl
NI BEER R 40 205 40+ 10 =50 KA X %, FBEICLT

N =47 704 (1hy12lC &% 12) =82, N =57 112+ (Llij32lC & 3 14) = 126

TH52: aps <0 THIRAY VHET] as £-s IFFEBRINCH S N 2 RECHAT %,

A=142 ,
n==6 68— Lit1yo
14,2g, 3d, 4s 3p12 126
1i 7 250
- - 3p3)2
- LAy
n=>5 12 42— N/ %}13//2<
fffff 7/2
1h,2f,3p 1h o 2d3s 82
, ’:, 1h11/2<
2-- 381/
/ ————— Llgz/2
n=4 (V7 2d5 2
1g,2d, 3s lg
199/24 50
P1/2
I5/2
n=3 0 1T o 2ps/2
Lf,2p
————— 1f724 28
.- ld3s;p 20
n=2 I - — 2512
d,2¢ T~ 1ds
HO ae (€2 — (£%),,) ags €3

BUTIZR U TRWA, N = 678%d N = TBUCE T 5 1j150 IREEAHIZR D, 164 + 16 = 184 B3
BRI, LD oT, Z =126, N =184 L WS RFHIIB T P EFOM G DBBEERTH D,
RERBETRICHZ e TRENZ, COWDEERAXNTERSZBETRETH 5,

EDOUF) L LTYy X B2V v EF Yy v A EAWESE NI =7 2

n? 1 02 n2e? 1 0W
h=— =4 ——— + Viys(r) + Aps — >

2m r Or2 2mr? r Or

L-s

TB5, vy = 2Ty 0.6) T BY, hi(r) = Bv(r) 25

.
K 92 R L0+ 1) 1 0Vys
<_2m8r2 + % r2 + VWS(T) + Aes ;7 Ajé) Ungj(’f') = Eunéj(r) (819)

L%, Ay i3 (BI0) THZAH6N5, (BIU) ZRIEIICHRNRRIITRO X S124%, 7 X —
ZOfEE (BI0) KT Ay = — 0.674fm? 2V, TOBAICDH, A VHES O 7 D REERDH
Hahz, Hig, ZOFECHTFEICEH 7 —n o hE2ZR TR, EBe OERNHKESATREC
7&50
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MeV A=142
n=6 168 - 299)2
0.0 752,34, 45 — S 3mp 126
252
- Liggyo
2,273
n=5__ 112 e her
h.2f.3p Y08
1215 -=- 2f7)2
—10.0}F Ay 82
e 2d30
n=4 70 L3810
19, 2d, 35 - 25
---- 1g7/2
—20.0F
n=3 40 "“';99/2 50
.- 4P1)2
]-fa2p - 2]?3/2
- 1f5)2
300 n=2 20 o U B
1d728 - 281/2 20
---- ld3z)o
---- 1ds)n
n=1 8
—40.0F Ip - 1p1p 8
- 1ps)2
n=0 2
1s i 181/2 2
—50.0"+ HO WS WS+£-s

8.3 BEFREDAE>

HERNNTRLE &1, MEEERD 729 2 EOREML T I3 AEEIR 0 DX o 7 iH T 2
NF—HNEL 722, ZOFR, BT e FAHICEBOEFLOREIKIRED R Y > (2HEH)
B)JIZJT=01C4%%, A=Z+ N PHFBOFRFRZOEEREZL VX, WefHdkhrol1D
DEFOAEHETEZ 6N 2, PEGELTEZ S &, BTzl ¥ -0V 1K FIRED S
JHICFEE D TWE, RIRICER -7 TOMEHERL j b T2L, J =7 KA TH2. HIAE,
Z =20 T®»% Ca DRINILIRDEEREI

N |20 21 22 23 24 25 26 27 28 29 30
Z2¥> |0 7/2 0 7/2 0 7/2 0 7/2 0 3/2 0

Thbd, LTHhRIZES1Z,Z 8 NDPBBOBAEALVIZ0THS, TR vy X %7V VR
TYYYNHAEVHGE X5 ANFXF—HENTH S, YCa k21 HOHMTERD, 21 FH
OHFMEFRERDP S22 KD 1f7, ZEDZDS UCa DAVY JIEJ=7/2 THHFEHL—
BT 20 1f72 TR 2+ 1 =8FETHETHAZIENTELZDS, N HEFHMDCa 5 517Ca
ETREJ=7/2THs, YCa D29 FHDOHMFIZ, 1f7/2 HBUCHZZNT VWS 728 2pg 0 ITA
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%, MEDPIZ 9Ca DEBEIZ J=3/2 TH 3, TDXIIZ, MORAY VHLENZID AN EEE
MUE, BEIEEBIE D D TRABETFHMOAE VI LTy ERE X —K7T %,

MeV A=40 MeV A=50
0.0 0.0+ lgop 50
o Lf5)2
----2p3 /2 "
- 1/2
—10.0+ _”"1f7/2 28 ~10.0L —,”,2])3/2
,—"]‘d3/2 20 _77771f7/2 28
----281/2 ldy 20
—20.0}p ————---1d5)2 —920.0L = 251y
_’"'1d5/2
----1pip 8
—30.0+ ----1p3/o —30.0 —-1pijp 8
— 1pyy
—40.0F ———— sz 2 —40.0+ s 2
—50.0¢- —50.0-

8.4 WI[E—ATK

BRI XA E—X Y b p i

TEBEND, T po ZHROBEME, j(r) SEAHETH 2, B Q OEBHOMEER (1)
L¥BY, COMBRICKBHMAE—AY b p i3 j(r)=Q
= % /d3r’ P (1) 6(r" — (1)) = POL p(r) () = L2

2m

2755, 72720 e =mr(t)xr(t) ZPEAEIHRETH 2, FTFHALY s 2RO5E, s 0o DF
5352, BETOMKE—X Y MEET p &, R—7HF ( Bohr magneton ) ug = poeh/2m. %
B\t

p=—ps(gel+ygss), ge=1, gs=2

EHKBe gs =217 47 v 7R SHERIICEINS, KT OHE, BT ( nuclear magne-
ton ) punx = eh/2myc ZHAfL L LT

1 5.585 FGTDHE
7 952{ T o%a (8.20)

= ,e—|— sS) =
w= i (ge b+ ges) g {o 3826 FHTFOBRE

ThHb, go DIEITERETD 5,
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FAEEROBKRE— XV M
A

p={aJM=J|> (u3)laJ M=)
k=1

TEREIND, ZIT,laJ M) FAEYH J THIRFROEEIREE, (u3)p 13 F k DBEKE—
XY MEEFD 2 D TH 5, 2 00K FIINHEEMERO - AEE & 0 12T, AEHRO
TONZ MVEEFOMREZ 0 TH 206, MEMD 2 K FIEHKRE—X ¥ MZFS LRV,
L7eto T, BBF e PR HIEBORFTIE, REREOMSE—X> MI 0 TH 2,

M EBFBOR LTI, MEHEROBTOMAETE—X Y M ETEEX R IV, T8ET
DFEFEOWAE—A Y MIm=5 2 LT

i [l ) s ()
THZBNB, 7271, Yyjm & (BIA) TH B, ps I3 r ITRIFELRODS, R(r) IZOWTORTIE
BULER 1 X272 TH 2, FHHEDIZD Vim0, 0) & |tim) b HELZ XT3
pw=A(l77lnsltsi)
Y3, (KIH) 25

o JeEj+12 LFj+1/2 .
|£JJ>*\/W|£J 1/2>|+>i\/W|£J+1/2>\ )

ThHa, CITHMHEDZD Vi (0,0) & |[fm) TRLZe THDH

lEj+1)2 (Fj+1/2
T2+ 20+ 1

ls|m) = m|lm), s3|+) = £5|+) THIH5

(0j=1/2/(+ s [€j—1/2)[+) + (Ci+1/2[(=ps € j+1/2)|-)

1
palem)2) = o (& 3. ) )2

L7223 T
=T orr1 —1/2)+ 3 — 1/2) — =
211 N (ge(J /)"’293) s (9l +1/2) - 5o
= €+1/2 ] J _ . 9s — ge . 1
= UN 2011 QQEJ:EMN%_i_l(Qs*ge)—MNJ (gg:t2£+1 , ]fgi§ (8.21)

b, TOXTEHEZOGNS p/puny 2223w MME ( Schmidt value ) & WS, @23y MEEHE
BRME o/ ZHEET 22 RDE 5125, 2 Iy MEREREZ»RD X HT 25, ERIIC
RS 2 I HMR PR TREIA T TH 5,

A Z ¥ AN ¥
0 (BZm)  5EER 0 () FEER
UE  dsp 479  4.72 120 ds;p —1.91 —1.89
BK  dye 012 039 30Ca dypp 115 1.02
31S¢  f)2 5.79  5.42 3Ca  frp —1.91 —1.59
28Bi hgp 262 4.08 2IPb  fsp 137 0.79

29Pb  ggp —191 —1.37
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A EREBRAMSHGIER
TR 2 .
(deQ + (- )@ — a) w(z) =0 (A1)

ETIER AWM HERE WS, 7270, a0, b ZEBEOEZREHTH 225, 013 0 T3 E D
ThHRWET 3, ZOMHHERD 1 >0

w(z) =cM(a,b, z)

TEHEZBNZ, 2L, c ZIEEER M IZEREBRFAEE ( confluent hypergeometric function
)

B az ala+1)22 ala+1)(a+2)23 o = (@), 2™
Mab2) =14 g+ o 2 T oo+ ot 2) 3 _; Ot A2
(a)p=ala+1)---(a+n—-1), (a)o=1
THb, b#—n (nZEOEE ) O5E, —#E w X
w=c;M(a,b,z) +co2z' "°M(a — b+ 1,2 —b,2) (A.3)
ThHzoN %,
|z| = co TOWBLIE
F(b) iewa ,—a _ _
M(a,b, z) F(b—a)e 2z %gla,a—b+1,—2)
F(b) z ,a—b _ _
+7F(a)e 227%¢g(l —a,b—a,z) (A.4)
772U I(z) 3 ~BEETHD
_ —m/2 < argz < 3m/2
a —3r/2 <argz < —m/2
> B ab ala+1)b(b+1)
9(a.b,2) Z ™

n ZHETRVERLE T2, (B2) 256 M(—n,b,2) lZn ROZEHRICKR S, —71,a# —n DHE,
M(a,b,2) & |2] > 00 Te* DXIWIwRES,
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