[RFZ B ERERA

RFREREE (12)
HEFIE—

) e TAV.4
1. [FLOHIT(EFRZOERHYMEE) (237)
LR 2. BAhLZFDREIR (2a7)
3 or—vEnkrar(2a7)
4. EZPYEOHERERREAER(107)
5 RRIRBILEEEH(2a7) + ]
- 6. FHIGEREZLER (207)
T 7. EFZOSHERE(av)
_ 8. RFEFEERZOYE(107)

BRFERRDEFHZF




© ~N o vl

7/ \X (ﬁ **—AA)

IEBILEER(2a7)  +8A
CEWISERERER (237)
R FROXFERE (23<7) L -
th% F BRI O WIE (237) EICEERE

UONR (BB wB)

. RFROEEEE (237) ¥ [CEhER R aE
. RHE EE)JOM'"&*EE’JIE%Q:?) R

R F#EICRERE (1a7)

QFFE‘T@*?’O)WHH HIBRREIZDLVT(137)
. BEITROYE(107)

. UBII'-s HS (QCD,EIRILX—FEAAEZE.
EREE-BRZEDIEZDHEHF)




BiE: LAR—MTHEERE)80%., HFEE20%
BR: #TEDRIEERVLVTTIL,

EEREH FAE S —HPTAR



TRUCTURL

ingle-Particle Motion

Bohr-Mottelson

SAPLLLIT? (TR RMAT

IR

Ring-Schuck

FRERDOYE

PRTFNO—RZBRRH'S
PRFRERT

D :

NUCLEAR

COLLECTIVE
MOTION

Models and Theory

B aELIE R0
BF

AL POERERDE
whE—N

Theory of Nuclear
Reactions

P. FROBRICH
anc

OXFORD SCIENCE PUBLICATIONS

Frobrich
-Lipperheide



F LI I FHERMEEICDOWNT

BF#% = BFEPEFOZHER
%’717#0)/\:)[/#_7‘/

\\
H ZT —|—ZUU Z Vijk

1<9 1<g<k

- 2k A

DN ZToERFEDOND)REBEEELT
EDFOZGERBIRIIZ) ESD H ?




EC®HIC 7|‘/<? ZIRBIREICDOWT
\
H ZT +ZUU Z Vijk

i<j 1<j<k
. 267 3tkH
20k (COHEELQ: BREIAT 0L
BT T BERR o

Phase Shift (deg)
o 3
/.)"

r[fm] |

0 ““9\,\—
e Enerey e BETlE. BFQCDIZE K

BARToIwILE



EC®HIC 7|‘/<? ZIRBIREICDOWT
\
H ZT —|—ZUU Z Vijk

1<J i<j<k
5 27 kA
37 p(d,d)p and n(d,d)n

T 'E'H:“:: at 250 MeV/nucleon |

A EW_

""" T g omt

N N N = :::
PR - EIREART L)L (19574) T et ™

K. Sekiguchi et al., PRC89(°14)064007



BOWRFROEERREIRILT—ITHT S
F—REHEVV-—VEARELTHLOR) EERT IO LR

Energy (MeV)

O
1 n
-5;—2H 3
F 2t ]
R 5 |
-15 2
-20F ki
2+ ,
0 .- '
-0E OXL et
- 4HC 6He +
-35F .
40F-
-45F l— e
- UIX Exp
-55F '
-60F-

S.C. Pieper et al., Phys. Rev. C64, 014001 (2001)



IR HIZ DT
np BELDFEDT
DEEET—AH

R. Machleidt,
PRC63, 024001(°01)

S

J—T—v3ar

25+1
LJ
S\T'| 0 1
0 ['O 'E
1 |[3E 30

BULAEY - TAVREY
ER kS

Phase Shift (deg)

Phase Shift (deg)

Phase Shift (deg)

S
y
50 -.\i -
<
T e
0 100 200 300
Lab. Energy (MeV)
[ T T 1 T T
Oﬁ P1 -
E‘\
10 -
’ua\
=20 - .\‘9\0 -
.“~ -
=30 L | . | . 3‘\._
0 100 200 300
Lab. Energy (MeV)
2“0]? v 1 3SI I ]
1
150e -
100 } -
[ )
50 } \'ng\. .
il
0 L 1 . 1 M_a.
0 100 200 300

Lab. Energy (MeV)

Phase Shift (deg) Phase Shift (deg)

Phase Shift (deg)

10 [ ,'QQ\SPD -
o

os !\ -

| N

-10 | \'\s\_

=20 1 | L Il l..-

-
(=]

)
S

&
S

0 100 200 300
Lab. Energy (MeV)

i v I 3 P 1 4 ]

1 -
i !\!\’\.\;
0 - 100 . 200 . 300 .

Lab. Energy (MeV)

AN
N \c\a i

i\ﬁ'
0 . 160 I 2;10 . 3:]0 .

Lah. Energy (MeV)



S
Ny

SEDT N

Radial wave function

=77 TOEnHa

h2 d2

\\

Wi(r) =

UZ(’I")

T

sin 51 ~ 51

Vi (7)
[(1+ 1)A?
( _;’z/r; - E] u(r) =0
u;(r) — sin (kr—%—l—c?l) (r — 00)
RILELITIE:
2mk o0 2 . 2
9 ~ — 22 /O r<dr V (r)j;(kr)



S el
np BLELD LD T 1
DEEBET—A

R. Machleidt,
PRC63, 024001(°01)

S

J—T—v3ar

25+1
LJ
S\T'| 0 1
0 ['O 'E
1 |[3E 30

BULAEY - TAVREY
ER kS

Phase Shift (deg)

Phase Shift (deg)

Phase Shift (deg)

S
y '
50 -.\i -
o,
ol \‘!\!\ —
L 1 L 1 L | [ 2
0 100 200 300
Lab. Energy (MeV)
[ T T 1 T T
Oﬁ P1 -
E‘\
10 -
%a\‘
20 \2\0 -
.“~ -
=30 L I . l L 3‘\._
0 100 200 300
Lab. Energy (MeV)
200 v 1 | I ]
s
150e -
100 ; -
50 -

100 200 300
Lab. Energy (MeV)

Phase Shift (deg) Phase Shift (deg)

Phase Shift (deg)

v | i | ' I
o_3p
10 - ® 0 -
YN
os !\ -
| N
10 | \'\s\_
.
=20 L 1 L | L Il 1
0 100 200 300
Lab. Energy (MeY)
i M I 3PI L]
0% 1 -
%,
10 .n!\ -
=20 - !\!\!\ I
30 [- *<o
0 . 100 l 200 . 300 .
Lab. Energy (MeV)
07 ' T T T =
.J '\. 3D1
-10 |- \c -
=20 - \i«. -
~@
_30 | | L 1

100 200 300
Lah. Energy (MeV)

[ =]



300 ——

15[] channel -

200 |

| repulsive
| core

Ve (r) [MeV]

: CD Bonn i
Reida3 - .. .
100  Avi8 4 N. Ishii, S. Aoki, and T. Hatsuda,
T rimb bR g9, 022001 (2007)
0 0.5 1 1.5 2 2.5

BWNAEY - TAYRAENKFE:
Vo(r) = W)+ Ve(r)or oo+ Vr(r)T1 - 72
+Vor(r)(oy-02)(7T1-72)
+TVILA REVENE A, IGE



N
ot
S
v
ot
Ct

75t ¥ I 1 I
~ So
£l
= %
@ 2} \Ki\wg\
: "
S R

0 100 200 300

Lab. Energy (MeV)

SIFEDT N

Phase Shift (deg)

100 200 300

FUEIRIILFr—) B (FIRILFE—)

5 ~ —

FAS—-RFZOEME

SN OF Sy

o HOA—HRAD Y RE

« 4 )L—A 2 32 A (color magnetic interaction)

1l

300 ————

200 |

Ve (r) [MeV]

| repulsive
| core

180 channel A

Lab. Energy (MeY)

[ CD Bonn
- Reid93

100 AV18
{]IIIIU.ISIIII1|I 1.5 I2 2.5

@)
2 - 2
5 /O r<dr V (r)j;(kr)



3[]'l‘:-l""""I""I""I""

18[] channel

200 |

| repulsive
core

Ve (r) [MeV]

[
T E
] Q

[ CDBonn ] N=NITE S

- Reid93 . J | *T
-100 | AV18 7

- : nHH el F

AN T T T A T TN [N T T T I T T S NN N S ]

0 0.5 1 1.5 2 2

e
® O

f&F th$F




| FHEH A7 LI ATE D ?

4ADONN

- EH(AAESIN)

+ BHERA(BEICHEAEDN)

« BOA(RFZDA)

« BULWA(Za—KN)/MEFRTDN)

JAXADR— kY

Wikipedia



| FEHERZE LI AL DM ? M s ohannal ]
i 0 -
4DOMD A 200 |
° Eé:jj ::L—I\_\/ E | repulsive i 2 : x
= 100 core 0, w, 0o |
« BHRAN JURDIIL =S | |
m - Bl HE SN B
. BLH TTIE ; V
| CD Bonn
- Reid93
-100 — AV18 c [fm]
v {]IHIGISHHiIHHLISIHIEIH25

O MR D IE#EBL.
e Fam &R,
(19354 BRFIL0%F)

' O 19494 B AZ) D
| J/—RNI)VEZE

Wikipedia i+




[FTTRIDEARIETRF

@

[RFIIZEFELAHD - EFEFEF% (19114F)

@

RFEDGEEFELTLDDMNENSI DA =T
(BRIEIFRLEENEBEUIALN TN O>TULVENST:),

| I N ZAZEA (19354 ) ,

|
l !

RALT JRF1%
IR WIRE

I FE IR FEFE - RFRYEFZzHRALEZA




R F#%
&
TS5ADESR
| % F
: BRAL
/s =0 ™
S EHIA HRER L5k
EDROTRFRED OGN SGIGATIZEFZRHALCIAD T
3:5(7’%)0)75\’? y
+NDER[EFTDESITIIFE, BREEA A
[T RELY,

It aWFRERFEA




WrEPEFRNAAPETE
FruFR—ILLTUSOTASNSLEVERA

E 3 R O R &Y
/s — - I
I FHEDEZ (19354)
v BRONEEEGES T
vV FILWAIF SRR F 17X vy FHR—IL
N SRFZDIINTINTITIELTELY, Y,

FHEEO TS —FBTD AL !



— &
=2

http://makemephy.wordpress.com/2013/10/10
/exchange-particles-and-feynman-diagrams/

PREFIXFDZR. EENENOONT=(1947FE /N HI)L)

—SENE/ —RI)LVEZE  (19494F)




P FRERT v

(ZE4R)
ERIEE p ICKDHEG (RAT—HRTUIvIL)

(1) :/d’r’ p(r’)

r— 1

mill

/

p(r) = ¢5(r") = ¢(r) =L

r

fME r(ZBIThEERTUVIL:
/

V() =qo(r) =""

r

R7VUAER:  V2é(r) = —4np(r)



A RN T )L
HaiR (RNS—15DI5E)

BHBOAER: V2o(r) = —4np(r)
— (V2= k2)¢(r) = anfp(r) GE 1=k B HEE)

_DEEIXL.

e klr —
o) = =1 [ ar SLCHTTD
mAFTHNIX
—kr
o(r') = 5(r") = 6(r) = —f

(7 ) BEE)



Klein-GordonA #2=C

Eoihs, polv  evme.
ot ;
m262 1 8205
(V T )‘7“ )= Zor
mc e—kr
k=" ¢(r)=~f
T
S . R
MAODEZEER: R=LF = —
A A

(FHETEERIE) AE ~mec? — At~ ——
AFE mc2

h
— RNCAtK\J—
mec




300 | L L B BB B B
15[] channel -
200} mzrc® ~ 140 MeV ~ 1.4 fm
—_ | maC
% repulsive I 27T i -
E 100 - core | a,w, 0 | _
= | |
o i | |
:::' B 1
.D 1
| CDBonn
L Reidd3
-100 - AV18 -
| o i T
S R B ol A
0 0.5 1 1.5 2 2.5 2
INA A FERLN

v EERFE—ER (NJLAERY) 19614

v FIUE (QCD)

H. Murayama, PRL126 (‘21) 251601




BFOCDIzL A4 N.Ishii, S. Aoki, and T. Hatsuda,
Phys. Rev. Lett. 99 (2007) 022001

N—T -5 )LE —2 KI5
Gyn(r,t) = (0|N(r,t)N(0,1t)|Jsc(t = 0)]0)

TLQ
- 2pu

V2y(r) + V(r)p(r) = Ey(r)

P(r) = liMi00Gyn (T, t)

FRELTHRTUOIOYILV &
KB




Hadron to Atomic Nuclei

BFOCDIZL 5%

A s ,/_",i("‘
from Lattice QCD

V(r) [MeV]

0.0 0.5 1.0 1.5 2.0
" tim] OPEP

N. Ishii, S. Aoki, and T. Hatsuda, Phys. Rev. Lett. 99 (2007) 022001



Hadron to Atomic Nuclei

NARTO )L (LFE etal.)

1s0 3ov2 cen NS NS

R
from Lattice QCD

404

NAENZDFEENH LD T
#LLVT—X 20-

il EE;;;HH;

-
-
=
.

-

=

-

-
nalm
wul -
-

-

V(r) [MeV]

|
=
N

¥

I
-
p—

_40_

r‘l‘r‘l‘rﬁl‘r‘l‘r‘l‘
=
o

I

® ©
=
'—
3



One-pion exchange potential (OPEP)
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One-pion exchange potential (OPEP)
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