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Phenomenology to Microscopic Theory

TABLE 1. Optical-Model Parameters Neutrons
NUCLIDE ENERGY REAL POTENT TAL VOL.IMAG. POTENTIAL SURF.INAG. POTENTIAL SPIN-CRBIT POTENTTAL ST SR FIT KOTE REF.
(MEV) v R A L RW W WD RD AD L §:1] RSO ASO

AL 1. uo. 1.25% 0.65% 5.0G6* 1.25% (.98% 10.%  1,.25% (0.65% 3520 1340 353 15 GIL63
AL 1.5 7.4 1.25*% Q.46 6. 3G 1.25% (,98%* 10.= 1.25% 0,46 3204 51 10 KOREB
AL 2.47 us.a T.14 0.65 B.uz 1,19 0.UB* B.O* 1,14 0.65 2530 127¢ s2 2 HOLT1
AL  3.00 h7.9 1.13 0.72 7.35 1.08 0.u8* 8.0 1.13 0.72 2520 1250 s2 2 HOL71
AL 3.u9 ug.? 1.18 0.61 d.u86 1.29 O.LR* 8.0* 1,18 0.61 2360 1130 51 2 HOLT71
AL L.00 49.1 1.20 0.62 7.95 1.26 0.uBx* B.0*x 1,20 0.62 2290 1090 52 2 HOL71
AL  8.56 50.2 7.13 #.54 8. 38 1.26 Q. LuB¥ 8.0 1.8 .58 2060 1020 st 2 HOL71Y
AL 6.09 u7.8 1.20 0.67 B.23 1.23 0.uB* 8.0+ 1,20 0.67 1880 1070 53 2 BOLT1
AL 7. 45,5 1.25% 0,65% 9.56 1,25% 0,.98% 8.6 1.25%  0.65% X3 BJOS8
AL  7.05 9.1 1.20 0.68 7.90 1,20 D.ug* B.Oo= 1.20 0.68 18G0 1040 52 2 HOL71
AL T7.97 Ha.u 1.20 0.69 2.1 1.30 0. 41 9.8 1.20 0.69 51 2 BRR72
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M. Yahiro, Minomo, O, Kawai, PTP 120, 767 (2008).



Microscopic Effective Reaction Theory

Inelastic Scattering Transfer Reaction
N+1Z

/

We must select essential degrees of
freedom for describing a direct process

of interest with a desired accuracy
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Microscopic Pot.m-r

Microscopic Effective Reaction Theory (MERT)

1. Degrees of freedom selected (= setting model space)
2. Distorting (“Mean-field”) potential generated microscopically
3. Direct process due to residual interaction calculated with 1. and 2.
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Reaction calc. with the cPVC method
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K. Mizuyama and O, Phys. Rev. C 89, 034620 (2014).

_ 15
2 12.5
=
=

£ 75
w5
=]

—
n

2

. —
O W hh hh ©

do/dE, [mb/MeV]
2 ~

fu—
-
y n

fa—

12

do/dE, [mb/MeV]
~J
S b Lh i © W

S
L

Lam T
T

6

6

-~ expt MeV
BT MeV]

cPVC

[MeV]

E,

E P [MeV]

do/dQ) [mb/sr]

do/dQ) [mb/sr]

(b) SkKM*

l...‘

.
LT LAY
.

.

o *
=

60 90 120



FAAFT— )Ll FrRIILIBREDEED

+ AL AT RE 2 T (DY A<=

SIEELT, YO — )Lz

L7z ZOIENE. BT RILF —NENESITHER TH S,

s YA F— )L lOFES

W iR IZIRET 5,
s WA DT HE DR 5T r]EE, T OREERIL, HFEF oM
BELA T A(~65 MeV)Z&, B HETHRDE<HEIIT 5,

s AT =)l WeT v L iE 5 R GO E H &,

FRIE(SAZIENT D W TR AT,

- HARA

iﬁﬁgj‘% f:@b:’_ﬁ) 1o

L BCELREENL. zE DN T O

<®

CENTF Y RILRE G R, R T2 v LD

Lz



4b. R DE R EE F AL R D ER



EH AELRDOERICN T 50 EMER
TR B 2 HEL I BB

(+) _ iK-R A\ ettt
111 (R) = ¢ +fK(R) -
ATV
Z DR EIERENS

'H_l

- RFRMETFEMMY)DEE S N TN 5,
 AEFRITIE DY S T ARPSEE R DN H I TN 5,
EVHET, ERFM(BIOEHSEGB)ESGEL RN,
£ 1Al H|Y
EEE ST DI E O™ EEH LR O B
INEDIDTZBEARIZH D DN ZEHHSINTT S,




I&i'lk Il_a\
I b~ O I HH AR e (41 75 ) W AL

_ _ e’ R
(to) =G (R ) IR R D T By 2 ()

- 129 }%& AR O T %
B i
GlIT > NO—7 BT, ERDOBIRERT NECQIORELN
IAEYEEPYAN R
LN BT DI AIREE:
D (1) = e—<h><t—to>a (R — Z,) KR
ZDONIIVRZT >

T

F =& DK




SODNDART—I)L

N TEI D K ES

fm DA —)b, #ER - 7 O1KE /K, IZH%,

SR Ky DINIALBZY Ax /Ky A2 1 &L T “Bi” 3%,
A DL NN,
HAIRIZIE cm DA — )b, &SI w, ELUTERHHTS, ZOEE
EFEGREOIINE 1w, (~10"18 1/fm)IZEF L TN D,
,i'.’[ N Fr AE :[;&‘ @ EE ‘“Ex }E
AT m DA —)b, KFZEBHAALLORTZE THIEL
/20T HaEE, REIBEEOENEIENHHTE %, | Z, | IZH%,

N —

1
_ < |4
e << Wy Z )|



RRRDOT—) ITRA

_iPR 1
/e ® (1) AR = o
1

= 3/G(R—Zo)ef‘*?<13'1‘<0>‘f%iR
(27)

_ e—i(P—KO)‘Zo

- f e PRG(R— Zy) e'*oRdR
(2m)

: /G(R Zy) e~ (P—K0)-(R-Z0) i p
(27)

:[a (P — Ko)]e_i(P_KO)'ZO
G D7 —Y T2 Hu(~ 1/w, DD THENIEIZ 53 A7)

Ul

R

E@: d (t()) _ /CL(P o KO) e—i(P—Ko)»ZoeiP.RdP

mE|

AHATR L P ~ K, 178

pLy




AHRRDOER RBBERCLIRE
n / (P — Kp) o—i(P=K0o)-Zo,iP-RJp

R ~ ZO b:./% :E 1K R

Ui (R) = Rl fi (R

EINRE R 7, R ~ K

: () (R).® (1) ~ (2;3 f e~ KRG (1)) dR

= a (K — Kj) e {(K—Ko)Zo
§ iz

O (to) ~ f o (K — K,)eKoZog—iK-Zog D) (R) 4K




AIEDGEESNSHEFZI THIRREEEKREREH
o (t) _ e—(?lH/ﬁ,)(t—to)G(R_ ZO) 6?LI{O.R _ 6—(@5H/h)(t—to)q) (t())
d (t()) ~ /CL(K o KO) eiKo.Zoe—iK-Zole(I“{H (R) dK
O v 13 H OREFREEE A E)

o (t) ~ /CL (K — Ko) 6?;KO'ZOe_iK'Zoe_(iE/h)(t_tO)\IJ(I_(H (R) 1K
B~ U, O BUE S I % AR 7]

~
6] (t) N /[CZ (K _ KO)Je’iKO°Z0€—iK-Zoe—(?lE/h)(t—to)

KR N eiKR

i q=K - Ko &L, EEK7Z q DLRETTREET %,




E

hQ

E
—K? —
(Ko+q)” ~

214 2
(L

g=K - K
0

hQ
2
Qu h
(L

5+ — (K
0

10‘11 MeV

— F, +[ﬁ (vo - q)]

K2
~ K5+ 2

K

0-q) —

K ~
\/K§+2(K
O'CI)
~ K
o—l—(f{
0'(1)

S Zvra
Z K)o gz
2

P
oy () & f
a(q)e”
iq-Zo ,— (i
0 e—i(’vo
-q) (t—1to
)

X

oi(a+Ko) R
+ fK (R,)

1K
e oRe’i(KOG)R

R




B R D 3 H K R 5

(:DPW (t) — /a (q) e—iq-Zo6—(?;E0/h)(t—t0)e—i(vo-q)(t—to)ei(q—l—Ko)'qu

asym

. , [
— e—(%Eo/h)(i—to)ezKo-R _|ZO| ﬁ_ffo

v / a (q) e—iq-Zoe—i(vo-q)te?l('vo-q)to 8’L'q-qu

— e(??EO/h)(f?to)e??KwRU‘ a(q) e’iq'Re’i(Uo-Q)tqu

Trivial 7z BEfEHE 77 1 = G (R — vot)
_ [e—(iEo/h)(t—to)]@iKo-RG (R — 'U()t)]
oS HEHE vo CHEBNT 25
(AFHE R DB 2R )

el




TR DILERIE?

PR DILHZERDITIE. g OEIIBDLE, LG D55,
TONRIZIEAL TR,

LRITD B W 0 AR D2 o A i (R e 221

h2t2 fic)” (ct)’
w(t)wo\/l—i— — wO\/1+( C) (26)4

(pc?)™ wy

fm, /1c2 ~ 10° MeV, wo ~ 103 fim)

Mg o

w (t) \/ 4 x 104 x 1015x%2
~ /1 ~v1+4x%x10-14
wo t gt VI



R D EXEL R A5y

(:-DSC (t) — /a(q) e—iq-Zoe—(iEo/h)(f—ﬁo)e—i(’vo-q)(t—to)

iKoRi(Ko-q)R

e (#)"

o~ (1Eo /) (t—to) 6_

FETZBE 59 % q D

L\ ekt
50 ST ()€ =)
Trivial 72 Re 4 2 1% VN TE S vo CTEILE
ﬂﬁ% \-Lﬂgjjj—%{ngQ




IANA—TEHOMEFERRSS)

QEW () = e~ WP/MUTt0) o Ko RG (R — wyt))

« HFULME RS vo T z 85 AN EH),

ccm FEEDOIL/N0ZEFFDOOT, BELEEAHETIE, GO XY
KEMHISIEAL TEWIEREIZI X, Y B ROHLN0NE Z J51H]
DILNOITOBIENN, TN THOEHRZ AT —IL),

- BELFEI O BALHFE D /20T IVA DR DR =T, X=Y=0
ELT. GDZamDMENERAZETKRES,

/_O; )G(KOZ))de—g




IoANA—TEHOEEGEELRBS)

835, (1) e pre (R) (6 (Ko R — o)

asym

» FULME RS vo TEIEES RIS ITHEE),

s BN S NI D WT DA R D Z DA &AL

s BB AT — )V TEZSDE R~ vt THD., R>0THHNH.,
HIIIETHATENREIN D, RO ERELIK ISt~ 0
THRELEARE DR ),

- R ANCHTO<HEROREIL. ToRRNES/2E2AT
KD G D R 3 HDIETE, HELIRDE D MEHE B 3F DiE:

e (#)] 6 (o) an= s, (7)
’ S 7 B




RERDIGEDERF

N
l/




RERDIGEDERF

N
l/







KR DIGHEDERT




KR DIGHEDERT




ACEL AR IR D BN AR B 72 DITIHRA VA T ZR DFE &2

R I TO<HER @fA%:
/ ’fK KOR de ’fK ( /)’23’

‘

TJIJ‘( AT 35

22 = s (1)

ﬁﬁ%ﬁuﬂi@iﬂaﬁﬁ@fn il & 76 N — 2!




RROBHEEBNEKDERDELD

- HEOEBRFMACEHBIIMRE ST 2RO TS, I

L CIZTFATZE T aELE O M am & DB fRZziEim L 7o,

T (R T IR AR - B S kT, BELBISE
EHEIGET ORHOEHEL TH<IENTE D,

+ TDIDITLTRD 72 WrrAR DR =S, 8w BELE O H G
DiGimETB BT D, THTUIAREZIE, BELFEBO K E
SELEAN POROIEN DN ERIZRENWER B 206 ThH S,

REDFLWERIZODWTIE, LU M 2SS (7272 L Austern| 34 i),

N. Austern, “Direct Nuclear Reaction Theories” (John Wiley & Sons) [Chap. 1]
) I=yr TEELE G (23 E20)] (EHF) [R2E]
M. L. Goldberger and K. M. Watson, “Collision Theory” (Dover) [Chap. 3]

°
(I




5. 743+ —JLCDCCEZED
FIRZ I~ D It FH

K. Ogata, S. Hashimoto, Y. Iseri, M. Kamimura, M. Yahiro,
PRC73, 024605 (2006).



10

RIE%

> : o
o g B4
N —~_ @ :
107 (L . ?
\
10 ° ®sol
r N . \ !: l. i
SuperK
-8
10 % E
10 s :
E = :
<=
107"
10720 o
10* 10° 10% 107 1 10 107

tan’(0)

MEBZDEERRE: S DIEBRTE

- B2 —r~J 1%, —a—hRJ/
IREINT A—4 OB/ EHRIE,
- ZOFEIL, 'Be(p,y)°BO R H
K 87 (BB,
Si7(E) = 0, E exp(2mn)

i5: 8, (0)& 75 25%LL N T E B X,



S17 (eV b)

S - DEXK

_ SBOMRESONICER D CRHIEEHIET

40

35

30

25

20

15

10 IIII|IIIIIIIII|IIII|IIIIIIIIIlIIII|IIII|IIII|IIII|IIII
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Year



"Be(p, ) B M &l 1% A1 7E

-

&

s G DR 2R UL, B InzllEd 2L T,
Wit Cdb % 'Be(p, V)SB@LﬁﬁiféFaﬁTiﬂgbiikﬁfé‘éo

J__ﬁﬁf% é

O)I

B3, mEL 7

BRI




7Be(p,}/)8B RIEZMEBREF S, D “HE" KR

ZDOEWVENWOIHZHEIIT LT,
SR RZ ) B OD (177 B IR T 2) 5L %5

25 I Junghans (direct):
o' - 5;,(0)=22.1+/-0.85eVb :
3 LE
g P
\E. k—/——/I | Descouvemont-Baye
A - : —e— Junghans
15 |- Kikuchi (RIKEN): —a—Kikuchi(RIKEN)
- §57(0)=189+/-18eVD o
oL
0 200 400 600 800 1000

p-'Be [{l O T )LF — [keV]



[ HIE 2 159 D RIK

EREDSEBRIGDFAN=X L

° *Zﬁ(ﬂﬁb%ﬁﬁ{’lf X274

+ LB PE Do AR (T v )L S RR)

» ELLIAN D Z EEMUE IR D7 i

- A TS ORI K2 70 i S s D RC b 73 A R K !

1



7437} —JLCDCC (E-CDCC)

X1UR D7 —1 D
Ki=~/2mpE;/h, E;=E —¢ B0 3 RS NS B K




hsoi(r) = €;04(T) &

oi(r)

I I fE AT 0D B 89

» p+'BeD KT )L — 7 fiRIRTE

A A
s i

(1

- SBOD LR TE
[RTHILF — D R AR ICE 59 2 DIXIRF B R D
T (p&LBe T B 7o mE ) D A BRI ELAL
1272 L2 DIRMEIE A,

51 IV DR C (T 67 50) % SRHTIZ L > THid B

FHEICIE Y — 02 ADDR)EATEE B,




E-CDCCAHEX

Tr+U,(|R+Tr/8))+U;(|R—71/8|)+hs — E]V(R,T) =0

FEING 05 (1) ZHNT T r TR L. Vei(b.2) =0 £ 5E

Zﬁz’jd_ Z b » w z,(K.g—Kj)z
4

Fji(b, 2) = (0;(r) [Up(|R + Tr/8]) + Uz(|R —7/8[)| ¢5(r)),

v; = hIK; /mp

BELDIIIARLE lim W(R, 1) — — 0% (r) 23 7= 1.

Z——00 (27]')3/2

JRAGIEFIZ LS TRO DT ED A e,




MYANNTWSHEBERK?

Zh’l}jd— Z Z’(K —K;)z

Fy(b,2) = (65(r) wpuRi 7r/8]) + Us(|R = v/8))] 64(r)),

L T R AEGEHRIRDT, F TR RET A>TV,

2.U, L U7 1d, &7 2ov)b & —n2ihT 22 v)L DR,
Fo TN T = INE KIS <FT DO TNDS(FHH A D).

3. 7—O DEEMEIIETEENA (D) .

T — D02 M EEOARD A, BEOLRTIED I,
FEATWIFE DRI T .



UCoul i Z ZT@ ZCZT€2
Ve ]RJrAC'r/Ap] R— A,1r/Ap|

(Acr/Ap)Zye  (—Ayr/Ap)*Z.e
R>r—— = ZTEBZ ( At + A1 P)\(COS QRT‘)

Zve + Z.e
=\Jre coSOgr,) [HfT
ZTBZPG/[ ’ R JPO( " ) [ ] POELE RN E

R ze(AA) 2 — A0 2,

D - cos O g, Wi
PTE.L D PO, 1 Rr) [WH6F]

77—t

AT A \% A c

7z L) _|_ZT€[[( /Ap)*Z ;‘:( /& GB Ps(cosOr,) [45HLT]
PDE24G %2 fuf

+...



R Ut D EZFE 1T

8B /i T %)L FE —("Be-p D TR F —)eh AKX TR
IREEDY, BTNV K THELS N2 ROt O WriAE 2 B E 1
HZHDET 5,

Lk
b= <(2 )‘3/261{"’ Y5 (r)

. ]' —E,K ‘R z,K.iz
= o E / Z Fii(D, 2)1; (b dR
(

Upy(|R+Tr/8|) + Uz(| R — r/8])|\IJ(R, 'r')>

(o F

g

b. 2) = (0;(r) |Up(|R+ 77 /8]) + Uz(|[R —7/8])| di(r)),. )



BT EE=
6—iK§-R6iK@_z _ 6i(K-i—K;)-R — ein'R
A A EGELIT N ZE T 5 &, a; DIEWE RS EEFTRAT. FIX
DEOIZI85,
X 4 X A
q 1= 2K, sin(6/2)
K’ q. - K’
J ij y .
" A . J/@/:LZ
O K. 0O Ki \ ]
9=k —K;

57T, g, &R DONEID,
qi; - R= —2K;sin(0/2)bcos op + (K; — K;)z




S RRIGDEBITI(DODE)
Tj _ (271T)3 /e—z’@bKj sin(Q/Qjcos quEZEO sz_(b? Z)w@'(b? Z)ei(Kqu)ﬂdedbdgbR

Zh@’j%wj(b 2)
]' zZ=00
i (27)3 / e~ R [ (b, 2)] .27 bdbdor
ih@" —1 0 cosoppn N
= (2753 / e~ a0 eoser [ (b) — 6;0] bdbdr
ih’K; %%wﬁ%
= G | o KIS, o] b W i

27
/ e~ Mibcosor oy = 21 Jy (DIK,0)
0



(FEFNFEAEED R
BT I DR B

1 = [(j / Jo (b[(j@) {Sj(b) — 53'0} bdb

(L+1)/K;

= [(j Z/ Jo (b[(j@) {Sﬂ,(b) — 5:}'0} bdb
o 0 (L) ,_ (L+1)/K;
~ K; ZE]O ((2L+ 1)§)J SiP = 60| @/K bl op,

L

~ Pr(cos ) 2K;
K;b=L+112 L§2ZLT, BT HFANRBREANRTSN2,

I

~ (L) _ ¢ 1
~ 3K d (2L + 1) [Sj — Ojo} Pr(cos 0)

KINSW L D SITHIDAET ITFRINCEIE ITIUL. KOIERE,




)L’)th)b@%z&/\‘yt)b%%z

0.5
0 10 20 30 40 50 60 70 80 90
& (deg)

- BUELIRTE O 4 AR AR JO(bKQ)'C‘ FITEHTETNWS,

- I EGELE R ZRD D8, RO (ERT E D) AR IE H 2,




EFNFEETE LD X (0 R R )
28Ph |z KB 8By B s (at 21 35 720 250 MeV) D & #£ i (323K)

1

— Quantum
(\ —— Eikonal

O
Ul

Breakup amplitude
O
o1 o

|

100 1000 10000

1
N
o I I I I I I I I I I I I I I I I



*B 53 1% W I R OD £ 3 A

1000;

s\ 208pp(3B, Betp)
. at52AMeV

do/do (mb/deg)

100

01234567868

ShRE MRt B O T S, SBIRBIBAR DL fREk C
EfDHIENTED, CHELNIUL, S(E)HiT 5,




S17 (E) [eV b]

30 T

N
o1

N
o

=
o1

10

Be(p,)’B RIFAZMERF S,

ﬁ? H 2]
kRl

Dt
D

‘w

TE
TE

v+ FH
‘III7<
+: FH
IZI7<

0

100 200 300 400 500 600
p-'Be BIDITHRILF— [keV]

LLRT D R

=R

S(0)=22.1+0.85eVb

[l I E

S,,(0)=18.9+1.8eVb

A 18] D AT 8 5

H
N




S17 (E) [eV b]

30 T

N
o1

N
o

=
o1

10

Be(p,)’B RIFAZMERF S,

ﬁ? H 2]
kRl

Dt
D

‘w

TE
TE

v+ FH
‘III7<
+: FH
IZI7<

0

100 200 300 400 500 600
p-'Be BIDITHRILF— [keV]

LLRT D R

=R

S(0)=22.1+0.85eVb

[l I E

S,,(0)=18.9+1.8eVb

A 18] D AT 8 5

“STEVEIAE
S(0)=20.9"77

H
N

eV b



Be(p,)’B RIFAZMERF S,

30 LR D#E 5
fi? ERHE DS R B 5235 updated
25 | - HEHHIE DfG R S,-(0)=20.9+0.92eVb

[ 2218
S(0)=18.9+1.8eVb

4 [B] D AT SR
“SERVETEA
S-(0)=209"70 eVb

10 Lo . |
0 100 200 300 400 500 600 [AIEH EW%ﬁFﬁ)-
p-'Be RID TR )LF— [keV] $17(0)=19.037 eVb

FEZRIERE. BRI iREMHA GO IUIHEET S,

S17 (El)\)[eV b]

=
o1
o




E-CDCCETDXRAKRRIGADICADEESD

s RS L OERGEETHD S, MEZEIT LT,

» NEEZCBD RNz, 'Be+p+EEAYTZ DA S i AT B
DNWTEEib Uz,

- CDCCETV 1O — )ikl EfAEH R 1aF—)LCDCC
(E-CDCC)ZAHIT L 7=,

+ E-CDCCIZH T 2= T 1 F#RIM IE 1 X 5/ N D F[E CHIT A HE.

» RONEEATICERD, S, MREZ R 22 IR LTz,

b

p




6. 7/ —IILRIGEHmEPEF
frERIG — FLT(p,pN) R~

M. Yahiro, K. Ogata, K. Minomo, PTP126, 167 (2011).



1% F R ZE(removal) Kt
e (5 36)

> o OTEOREBRIT S,
AT e 2RO BESE G B ISR,

éé ; : - g7y i (elastic breakup; EB)E(JAZFED)
h & I HLD i3 75 (stripping; STR)NS 725,

A(P,cx)

AT

‘ Fri(ARwE D)
© aTEE BT IEETD,
T (BT IS N B EE 25D,
O AR T OMEERK TIcE ST iR

\ I I X e
N ! M5, ZNaEEDRCIh T HM?



WS RERN YELY
A(P,c+n)A C:)/ B M 4R (EB)

P RIS D RE RS SR AL
9= mmocpec Tk g,

A(P,cH+N)A* AW ES 7 (STR)

- FERYRZIT N E E N AT e D EF 513
H] )L+ — i TII AT E %),
» T DI FE s 2 IR,
Tl OF v R)VE EIA T RLIE A Al RE,
» 7N —RBIIN T, 7ol LR D,




7AaF—ILRGER

Eikonal Reaction Theory (ERT)
Tv IV GETRICE D W TAN v ES 7 itk 3 S5,

Oi(T)

7 A3 — )i O EE L

R
5V U (R) + Ue (R + = B[ W (r B) =

.1 : Wi
W(r,R) = m’e“KZQ) (r,R), K= ﬁ\/Q,u, (E — h-), U= ?I—L



7AAFT—ILGEBR(DODOE)

OD2[E M2 Eld &

9,

()Z@(r R) =

iR DI (S

—?I%z

- e?ﬁﬁ'z(I) (7‘? R)

—exp[ z!/ O' (2 )+ Ue (R)] O (2)dz

-|—|—r

T,

A5



FAAF—I)ILRIGERES(IZDDE)

S = exp [—?:79 / T ot (2) [Un (R,) + Ue (R)] O (2) dz]

U, 125 LT AW 4D 7 3 H -

K= %\/2;1, (E—ED —> Ko,
)

POHEJEIRBEED T )L F —
EEECTEZXHZ 5,

5 —>[exp [—zhivo /_ z U, (R.) dzﬂ[exp [—w /_ O; Ot (2)U. (R) O (2) dzB

@

éﬂ/ f é

,\ K2
HORDOHRMN S, ! [_Q_U»VQR +U.(Re)+h — E] U (r, R)

0



7AAF—IL IR (EEDH)

7 AT =)L EU, IR DI E T P KD STT 81 % 7 & RT EE.

g — g*n,gc

STTHIEED “Hior” LA PO ZHEIETRHRL N5,

-
[_QLMVE _|_ Un (Rn) _|_ Uc (RC) _I_ h

K2,
—— V% +U.(R)

h—FE
2 " ]

f2

[—Lv; UL (R

h —FE
21 T |

SRR DET AFITAMASTND,

~ BV (r,R)=0— §

¥(r,R)=0— S.

U(r,R)=0— 3,

- =02 Neg U IZHEGT L2 T 2 IR D BEDEE 2.



RS

J5 i B T A - O'RZQTT/ (1= [(0[S]0)]")bab
KT 57y NEPDIREEE KT (B KU AILILERIR ).

BRI oon =27 [ 3 |(e]S]0)[ b
c#£0

—QW/Z (0|ST|e){e|S]0)bdb

U LAY 72 4% c#£0

S 1e) (el = 1= = 2w [ ((0l18T10) ~ [(ol3[0)f* o

SRLEWRTTRE ore = on — oen =27 [ (1= (0[] [0)Joas

(57 DEILGEEIL TR BT+ 3L e o
oWEOET R e . P 1 2 018 e els]0) =1 =3 (Sl



BB F(ENEBDREMEE

—— . _egiZrer @
B2 HAAEA: Vi1 = 2 = Cﬁ Q
C (“\ﬁ)

RIS ver (b) = / Otz = C'r % / —pdz=C'r

B HER 3 (g 13 FEEET B):
o s3] | ) (o oo ]




BEIIEFENEBROFHALIE(DDOF)

E 157 fig W i Aa:

1
Py o / Py (b) db = 2 ()2 (Ar)? / b

— 97 (O’w)z(AT)Q/%db

X 2 A

REDFERZGERIITIHOMA,Z, EHEIEEELE /R L)D
ERTEEHZ 5 515D H 5 (Coulomb-Corrected Eikonal model),

=S

P. Capel, D. Baye, Y. Suzuki, PRC78, 054602 (2008).



EMSEHERD S E

oTF = 27 / (1 = (0]|5.5,°|0)) bab

OTF = On:STR + 0¢:STR + OCF

HhePHE s BP0 W A LSRR ) oy ciha

st =2 [ (0|81 15, loyoas
' 7RI 2R ST,

17 R e (PO B T A

Oc:STR = 27?/ (0[15,,]7 (1 = [Se|*)]0)bab
o6 Rl B TR
Ocp = 27r/ (0[(1—|S[*) (1= [S.[7)|0)bdb




iR - FREBTEEGETRIE)

OnSTR = 27?/ (0]15|* (1 = S [*) 0)bdb

_ zﬂ/ (1— (0[|5]]0))belb — zﬂ/ (1— (0]|$

= oTF — 0TF (C)

i

=%

1R D AR HE R 2 W i A

o7 / (0]S.]*[0)bdb — 27 / (0]|S]7[0)bdb

sl

*10))beb

C

PR(ONFU, DA ZID AN TEHRE L ZE,

_'_A

—. FJL
_‘EX O_n = On:STR + OEB

0>y = OR — OEB — |0R (¢) — 0EB (¢)] + 0EB
=|OoR — OR (C)]—Q— OER (C)




INeD1HEFIRER G~ DEFH

3INe Z= %Ne + n OfFEEATER LGS EAER &1
95)., TOERNDOEIG S (It ERNRF)ZRET S,
12C ERT Glauber* |[29%Pb ERT Glauber*
On:STR 90 [ ] 244 [ ]
OEB 24 800 310 (EH))
0—n 114 [133] 96 1044 [1167] 1140
S 0.69 [0.59] 0.82 0.68 [0.61] 0.62

%S [ ] I 0n:STR ~ OR — OR (C) &ﬁ1ub‘(§+%bfl%§%
» PCRERYTHIE D N2 <s

o FRME -SRI BE T RSV o A T [ A 0D 7= D TE )Y BEL B
- RMEFEIZH 1T, ERTEGlauberd —E13 B Uy,

*W. Hor1iuchi, Y. Suzuki, P. Capel, D. Baye, PRC81, 024606 (2010).



Extraction of the E1 breakup X-sec.

In many cases, 1n removal X-sec.’s with ?C and 2°8Pb targets are measured.
e.g., T. Nakamura et al., PRL103, 262501 (2009).

(*L{J Qk‘;{_)’// Q\>

AN -
n©

P

208ph (or 12C)

5

Then, the E1 cross section is extracted by o(E1) = opp” — Tog ™

Question: 1) What is the accuracy of this formula? =) 95% for 1n halo nuclei

2) How do we determine the scaling factor I'? o™ ()

. . O'Pb
with T'= ==

og " (n)




The scaling factor I

K. Yoshida, Fukui, Minomo, O, PTEP2014, 053D03 (2014).
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Missing Correlations (the Gade plot)

A. Gade et al., PRC77, 044306 (2008) [updated in Tostevin and Gade, PRC90, 057602 (2014)].

Reduction of spectroscopic strength: Weakly-bound and strongly-bound single-particle states

studied using one-nucleon knockout reactions
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Reduction Factor (Rs)

Some counterarguments

J. Lee, private communication™
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Asymmetry in P, (PMD)

F. Flavigny et al., PRL 108, 252501 (2012). 2C(3Ne,’*'Ne+X) at 230 A MeV

T. Nakamura et al., PRL112, 142501 (2014).

_1s 9BC(I4O,I3O+X) at 53 A MeV = 0.8 ©0.16 T -
T\_; ) s .5.:)\ axr Sn — 0.15_0_10 MCV J‘ = 3/2
% | s, =232Mev S . = ]
> LAY = 0.6 -
8 1 .. s E/ -----
"\O ; o. 04 4= pt s\ J T
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o 05 f ;.. = h
B Lof ) % 0.2
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v" The Glauber model is usually adopted that gives inevitably a symmetric P,
because of the ADiabatic (sudden) approximation.
v" For non weak-binding nuclei, P, is asymmetric, which is not understood well.



Possible strategy

- It 1s still difficult to describe stripping processes non-adiabatically.

— We cannot discuss the Gade plot directly.

cf. Transfer to continuum model by Bonaccorso and Brink, PRC 38, 1776 (1988).
Revival of the Ichimura-Austern-Vincent model by J. Lei and Moro, PRC 92, 044616 (2015).

- We focus on the KO processes with a proton target and aim at finding the

mechanism that generates the asymmetry in the PMD, with clarifying why the
Glauber model cannot explain 1t (for EB/diffraction process).
— If the mechanism exists also 1n stripping processes, we may regard it as a

possible source of the strong quenching of the reduction factor.

- We will use DWIA, which 1s “equivalent” (and can be superior) to CDCC in

SOMC Cascs.



CDCC and DWIA

n®)
© \ e
P
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1 1. Weak coupling to the BU channels

~ (@l (1) €K R v + Upelipo (1) XBw (R))
1 2. Only v,,, breaks up A. P-A elastic wave function

~ <X£z;)k (’I") X]E,;)K (R) "Upn ‘(,O(] ('r) XS{%/ (R)> = Thwia

n-c DW (w/ E-dep. complex pot. and/or large |)
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DWIA vs. CDCC

KO, Matsumoto, Yahiro, in preparation.
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Comparison with data for stable target

12C(p,2p)!' By, at 392 MeV

O 10%

; - S determined by DWIA

§ (e,e’p) is used. e Noro et al.

2 10%

g |

%} o' ®

E 6, =/25.5 deg.

il E, =250 MeV

”\3 - 0, = 32.5 deg.

S

S 00/

-300  -200  -100 0 100 200 300

Pr (MeV/c)

Exp. data: T. Noro, private communication (2014).



Asymmetry in the PMD of *O(p,pn)130

Energy-momentum Glauber-like KO, Yoshida, Minomo, PRC 92, 034616 (2015).

conservation \ / This work
12 | /

=
th

| Attraction b/w
| p/nand 1°0

10 |

dofP,, [ub/(MeV/c)]
dofP,, [ub/(MeV/c)]

R 0
-600 -400 -200 0 200 400 -600 -400 -200 0 200 400
P2 (MeV/c) P2 (MeV/c)

v The Glauber-like calc. overshoots both the integrated X-sec. and the peak
height, possibly resulting in overestimation of the missing correlation.

v PV and distortion effects exist also in nucleon removal processes with a
nucleus target, and will affect the reduction factor.

v" Studies on the reduction factor with a proton target are going on (collabo-
ration with Uesaka-san’s group).



Contribution to the (p,pa) cross section

dopa

T = [ AR xo(R)X; (R)x;(R) so(m\/ o Opa, By B)
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Courtesy of K. Yoshida (RCNP)
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FIG. 5. (Color online) Two-dimensional momentum distribu-
tion of the emitted neutrons in the knockout reaction.
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FIG. 7. (Color online) Momentum distributions of the emit-
ted neutrons in the knockout reaction with fixed k.,.,,. The
red (solid) and blue (dotted) lines represent the distributions
for ka-n = 0.1 and 0.4 fm ™!, respectively.

Courtesy of Y. Kikuchi (RNC)
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CDCC: Nucleon-induced reactions on Li

® Lithium is an important element relevant to not only a tritium breeding material
in DT fusion reactors but also a candidate for target material in the intense
neutron source of IFMIF. The accurate nuclear data of nucleon induced reactions

n &’Li are currently required for incident energies up to 150 MeV.

Blanket

; En < 14 MeV ’

® °ljand ’Li can easily break up, which is an important process and can influence
all the other reaction channels significantly.

. op(n)
p(n) — or p(n) °Li

o+%—)@r o+@—)6’d
%a %a



Calculation models used in our analysis

‘1.  CDCC Method (3-body)
2. Final State Interaction Model (FSI)
‘3. Sequential Decay Model (SD)

SD

SLi*(SHe*)/
FSI SD
Dy +




Double-differential cross sections (DDXs)

o a7l 2% o 47

>
D o+t

Proton production DDX for p+’Li
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Ref.) Hairui Guo, Yukinobu Watanabe, et al., presented at ND2013, March 4-9, 2013, NY, USA

p+7Li =5 t+5L
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Triton production DDX for p+’Li
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CDCC: Deuteron-induced reactions

o>
(DElastic Breakup

sources
@ o> (diffractive breakup)

Target
deuteron g 0—>
v g+ 0 ——> B @i

(inelastic breakup)
Incomplete Fusion

\
Absorption m

Complete Fusion \ "V @) Statistical process

®
DDX of inclusive (d,xn) reaction:

dZ(}_{d.xrr)

2 2 g
- d O-EB ‘ d O-STR

)

CDCC
(S-matrices for
d-breakup
transition)

Glauber model
(eikonal approx.
+ adiabatic approx.)

-

Exciton model +
Hauser-Feshbach
model

& iz

+
dE -dQ

1 |Glauber

dE-dQE  dE-dQY|

CDCC

Ref.) T. Ye, Y. Watanabe, et al., Phys. Rev. C 84, 054606 (2011).
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DDXs for >2Ni (d,xp) at 100 MeV

10° ¢

2

—t

do/dE/dQ [mb/MeV/sr]
2

10° 3 L

>8Ni(d,xp) @100 MeV

The summation of three components reproduces both

Elastic
Breakup
(CDCC)

Neutron
Stripping
(Glauber)

Statistical
Decay
(CCONE)

the shape and magnitude of the experimental (d, xp) spectra

better than TALYS calculation.
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Nuclear Transmutation studies

Impulsing Paradigm Change through Disruptive Technologies Program
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Extraction genuine data w/ MERT

Microscopic Effective Reaction Theory

« Model space 1s determined by analysis of alternative reaction data.

« Structural information is given by Tsukuba group (or others).

« MERT generates the objective reaction data.
A(p,pn)B
B @ B
@ nO—~
n©O Q

B
from neutron pickup @ @
to neutron capture nQO—
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