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@ Direct process ([&:

EiEiE)

Interaction between a projectile and a few nucleons

(degree of freedom) in

Short reaction time (10-

@ Compound process

a nucleus
22 ~10-20 gec)

(RE#EE)

A projectile 1s absorbed by a target nucleus and

“compound nucleus” (i.e., highly-excited nucleus in thermal
equilibrium) 1s formed. Then particle decay occurs.

Long reaction time( 1018 ~10-16 sec )

@ Preequilibrium process (B #BF8)

Non-equilibrium process in between the above two processes
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Ref.of exp.data:
F.E. Bertrand and R.W. Peele, Phys. Rev. C 8, 1045 (1973).
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Introduction to Nuclear Physics”, J. At. Ene. Soc. Jpn., Vol.43, No.6, 33-45 (2001) [in Japanese].



Reaction Processes and Outgoing Particle Spectrum

a2 R 1 - , elastically
HFRE Scatted particles
Fission
Shape :
Elastic \ Multiple
Scattering Compound —
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Fission | Elastic Emission low-E
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Compound > "
jectil
projectile Hauser- . N\ \J
Feshbachi&#! | Multiple e 54Fe(p,xp) 62 MeV
BRI Pre-Eq. > s,
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Emission | highE §
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Ref.of exp.data:
F.E. Bertrand and R.W. Peele, Phys. Rev. C 8, 1045 (1973).
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Reaction Processes and Outgoing Particle Spectrum

FFEE

Shape
Elastic
Scattering

projectile

Reaction

Fission

\ Multiple

Compound Comppund .
Fission | Elastic Emission
Compound I >
Multiple

Pre-Eq. >

Emission

l —

Pre-Equilibrium

Direct

[
>

elastically
scatted particles
low-E
hump
20 \"
5 16 54
2 Fe(p,xp) 62 MeV
S 124
E
high-E & .
tail \%\ \
N |/
© 4..
. ~ M

Outgoing energy (MeV)

discrete

peaks
Ref.of exp.data:
F.E. Bertrand and R.W. Peele, Phys. Rev. C 8, 1045 (1973).



Optical model for elastic scattering

Elastic scattering :

Incident particle’s direction of motion and state of polarization is changed without
loss of energy, by interaction with a target nucleus.

) “Shape elastic scattering” , or potential scattering

The interaction is described by an optical potential: U(r)=V(r)+ilW(r),

by analogy with the geometric optics 10¢ s

Deflection
Refraction

except elastic channel

/ ~ %Fe(n,n) 20 MeV
@ T S S e T
b % S.Mellema+ (1983)
Analogy with 3 , ¢ :
propagation of £ 10 g Shten A A 3
light in opaque g ° S
body 3 S S
10" s S Py e geeg — 3
_ = Diffraction  =* ¢ % ]
Absorpthn . pattern | o
Leading to reaction channels 10° b b v i v 1 1L
0 30 60 90 120 150 180

C.M. Angle (deg)



Optical Model Potential (OMP)

Optical potential: U(r)=V(r)+iW(r)

2
: d h 1d
V(ir)=V.(r)=Vf(x,)— Z{Wf(xw) — 4w, —f(xD)} + (—) Vio(L-6)—— f(xg)
T T dx,, i T r dr
Coulomb term Volume term Imaginary term Spin-orbit term
(Volume+Surface)
Woods-Saxson form :
1
X. )= _ . 1/3

A : mass number
r; : nuclear radius parameter
a; : diffuseness parameter




Nucleon OMP (1)

One of the latest parameter sets :

“Local and global nucleon optical potentials for energies up to 200 MeV”
A.J. Koning and J.P. Delaroche, Nucl. Phys. A713,231 (2003).

Energy and mass range

g Po(pp)PD

12

13

|

16.0

21.0

24.1

26.3

0.3

=]

30 60 90 120 150 180
0., (deg)

-10

“®pb(p,p)**Pb

A\

208 208'

Pb(p,p)" Pb

0., (deg)

A 1 1 1 1 10
0 30 60 9 120 150 180

0

.'3'0 60
0,,, (deg)

solid line: local, dashed : global

Potential depth (MeV)

N ] w L]
[=1 o [=3 (4,
T T T T T T T

—_
[4,]
T

10

lkeV<E<200MeV 24<A4<209

Energy dependence of potential depth
for >Fe




Nucleon OMP (2)

— Coupled-Channels (OPTMAN)
— Spherical Optical Model

Elastic scattering d.c.s. (Sn) |

't (n,n) )
0.30 MeV x10

——— Neutron total c.s. N

10°

0.65 MeV x107?

b #30.3 MeV <104

do/dQ (barn/sr)

0,

0L

13 ..‘I' ‘II". Q
"7F 156. MeVix10

» A ".J'

R I AT TR A T L1
0 20 40 60 80 100 120 140 160 180

Scattering Angle in C.M. (degree)

lu-l4§_\\l|lll|lll‘\ll wilonbhin @
0 20 40 60 80 100 120 140 160 1§

Scattering Angle in C.M. (degree)

1 IHHHI‘ LI IIHIHI| 1L 1

0% 102 10 1 10 102 10° 10° 102 100" 1 10 100 10°
Incident Energy (MeV) Incident Energy (MeV) JAN

J

:S. Kunieda (JAEA), private communication (2008).



Microscopic Optical Potential

Nucleon optical potential based on the folding model

U(r)= Iv(|r —r'

Effective interaction

)p(r')dr’

t-matrix or G-matrix

Nuclear density

T

T

Nucleon-nucleon interaction [—

Nuclear Structure

Theory (B-H)

This method is expected to be effective for
unstable nuclei, such as fission products far from

stable nuclei regime.

References

J.P. Jeukenne, A. Lejeune, and C. Mahaux, Phy. Rev. C 16, 80 (1977).

K. Amos et al., Adv. in Nucl. Phys. 25, 275 (2000).

. Phenomenological OMP

--- Model |l
----- Madel Il
--- Model VIl

|
o
L B L

10 F Micro-OMP
! SR

10

14

I
0 20 40 60 80

O.m (deg)

Ref.) J. Klug et al., PRC67 (2003)
031601(R)




Reaction Processes and Outgoing Particle Spectrum
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Exp.data:
DWBA, Coupled-Channels F.E. Bertrand and R.W. Peele, Phys. Rev. C 8, 1045 (1973).
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Distorted wave Born approximation: Inelastic scattering

Excitation of collective states (rotational, vibrational) by direct inelastic

scattering

Coupling between those
collective states

6,527
3 ——6.,381
sf 3-
3 4,949
sk 9O = [A.781 esueve
0. pPs y hd
\) .700 o,
= ,:_n_..656 A
= =il =8
[ 0.08 ps yrop L4265 .: . u‘o
[ 0.08 ps—3i— X
. ps—, et
L=3_ 4 0.3 ps_‘.g_/"""rT ’\\._::EQ_.: .o
. 55 J |\\4.029
O t I 0.06 ps—4—/ I 5 s ov <o
ctupole s 3+ 3,3450
P :31:)\——'-1 329520, v
T 661
5_8:52 l’;::+ 2.9590 AI:VQ.:. }
1.22 ns—8t 7/ \2:8501 4,
== g+ 2,5613,, >
2,5384
g vl
2 2+
[ (1.0 ps—2£ 14084 o, uevescare &
l —
Quadruple 1
ol 23 2

seFe  Vibrational

_~ Strong — | Coupled-channels theory

N

Weak — | Distorted Wave Born
Approximation (DWBA)

5 { | |0.8272
10 0.7757.
3 o 0.7319
1 0.6800 o
8+ <D 0.5178_
i3 DEfQ' rnfed|'r3'
6+ 3 ,-' n clbu . 0.3072
Ik“ L5 'u.s-i'“ .
4+ 0.1484
2+ 0.0449 o
0+ o]
238
92U
Rotational
ENSDF database :

http://www.nndc.bnl.gov/ensdf/



DWBA cross section

. . . (in the case where the spins of incident particle

do _ HeH k, TDWBA‘Z
dQ  (2ah°)° k

Hi>Hy :reduced mass of iand f

k,,k P incident and outgoing wave numbers

Residual interaction

DWBA T-matrix:  Tj < DD %t“ (+)> Distorted wave

E I i W

i —V'+U (r)}( (r)=Ey,(r), c=ior f

Collective S dU(r) { om
L £AReEe) ~ L

Form dr Optical Potential

factor: !
deformation parameter



Inelastic scattering to collective excitation

Optical potentials between
projectile and target

@ input

DWUCKA4 code :

P.D. Kunz, Computational Nuclear Physics 2
(Springer-Verlag, 1993), p.88

do, _ B do,"
aQ ;" do

L: multiplicity (transferred angular
momentuny for even-even
nucleus)

Measured or
Nuclear structure calculation

do/dQ [mb-sr']

ONi(p,p’)@40MeV DWBA calculation

\ Ly
T
10E b4 _ ]
STt
M N e
- \\l N 4 Quadrupole vib
1 s - \Ll [ 12;
F \l Q = —4.05MeV
B \H-l\l
- ‘l\ Octupole vib.
0.1 » AN
0.01

0’ 200 407 60" 80" 100" 120" 140°
Oc.m.

Ref.) M.P. Friche and G.R. Satchler, Phy. Rev. 139,
567 (1965).



Reaction Processes and Outgoing Particle Spectrum
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Exp.data:
DWBA, Coupled-Channels F.E. Bertrand and R.W. Peele, Phys. Rev. C 8, 1045 (1973).
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Statistical model for compound nucleus process

Compound Nucleus Resonance peaks are

Reaction a-+ T — (CN )* > b+ R overlapped as incident

€nergy Increases
Channel, Energy

%QQQ ’

Statistical treatment

Spin A S S A
Channel spin j:i+[\/ j=i+I l’

Orbital angular momentum Hauser-Feshbach theory
Parity 7Z-a . 7Z'T . (_l)g — P — 7Z—b . 7Z'R . (_l)g'

Transmission coefficient

J/' calculated by the optical
2 Z 2J +1 I, Taej model

Gaa' = 7Z'7l T — 1 B S )
T (2l+1)(21+1)\z g L S, |
de Broglie Wavelength e Ref.) W. Hauser and H. Feshbach,

of incident channel o Phys. Rev. 87, 366 (1952).



Results of HF calculations

1000

- 500'
2
cvc: 200%
<18

100+

~
~

Y (n,n) & (n,n’) @ 2.35 MeV

Elastic scattering

E,=235MeV 89Y +n

Shape elastic +
compound elastic

i

50
1.0

Fig. 3.11 Differential cross-section for the elastic scattering of 2.35 MeV neutrons
by ®9Y compared with optical model and Hauser—Feshbach calculations {Towle

1969).
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dQ
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Fig.B93.13 Differential cross-sections for the inelastic scattering of 2.35 MeV neutrons
by 7Y, compared with Hauser—Feshbach calculations (Towle 1969).

i

90° symmetry

Ref.) J.H. Towle, Nucl. Phys. A131, 561 (1969).



Transition to continuum final states: H-F theory

Extension to transition to continuum final states

(CN)Y - b+R

Statistical treatment
Continuum Level density
region o’ U)HdU
\\\ . Discrete
level region

2J +DT2, @b (UNE'
v (E,ENAE'= 782 ( +)“’Z“ 0 U

o (2i+1)(2]+l){ Tyt 2 | Ty (U")dE'}

a"l" j"(discrete) a"l"j"




Level density

Gilbert-Cameron Formula  Ref)A. Gilbert, A. G. W. Cameron, Canadian J. Phys. 43, 1446 (1965).

E>FE  Fermi-gas model

(E)= 7 exp[2+Ja(E —0)] a : level density parameter (MeV!)
p 12 4" (E-98)" 0. Dpalring energy
E < Em Constant temperature model
32 ' ' T T T T ! ! T T T T T T T T T T T
[ A ]
o’ exp[(E-E,)/T] NI e
'O( ) B 12 T g ® lljinov 92
- +  Beijing 97 i
= . A o Ca
g L
DISCRETE ||, = 20¢f
LEVEL ] P [
REGION 8 \
2 15}
- a i
! ! ' & 10
- 'TEMPERATURE FIEGION: _ ,: - © [
| Ni(E) = expl(E-EQT] -7 5
N(E) 10F ! P | [
No. of | L |
Levels 100 | : ' FERMI GAS REGION, o =
| I Ng(E) = JpF(E)dE | Mass number
10 | i | Em i
. : : + Nir(En) I level density parameter
o Ec Em Ba

Excitation Energy A FORESITRILE—



Reaction Processes and Outgoing Particle Spectrum

_ » ©lastically
scattered particle
Fission
Shape .
Elastic \ Multiple
Scattering Compound >
Compound . .
Fission | Elastic Emission low-E
\ I A A A hump
Compound g .
projectile Hauser-Feshbach theory 1 B \“
Evaporation model Multiple T>=7,‘16 S54Fe(p,xp) 62 MeV
> R
Pre.-Ec_|. %12_
Emission highE g ]
L tail ——L__| ~
Nb J‘!‘
. . R © 4-
Reaction Pre-Equilibrium ¢ > f
Exciton model, Kalbach 0 30 40 50 62)J
systematics, MSD/MSC
Outgoing energy (MeV)

P ,» discrete
peaks

Exp.data:
DWBA, Coupled-Channels F.E. Bertrand and R.W. Peele, Phys. Rev. C 8, 1045 (1973).

Direct
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Fermi-gas BEUEWNMEEIZHRYIIDEE (E, > 100 MeV)
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(a) 1p state (b) 2p-1hstate  (c) 3p-2h state (d) equilibrium

Incident Exciton = particle+hole
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Excition model (2 FET L)

P( " t) Non-equilibrium
’ statistical dynamics

%P(n,f) = Zﬂ'm—)np(mﬂt)_P(n’t){zi”—)m +Wn}

A, »m : transition probability from n-exciton state to m-exciton state
w, : particle emission probability from n-exciton state S W

Master equation for the occupation probability :

A =277T|M|2pm (|M|2 =K A”E™
Adjustable para.

| OTeq P(n,0)dt =(n)

do preeq
Cross section for the reaction A(a,b)B : ( j =0, Z W, (n,&)r(n)

de oy
An=2
O s : formation cross section of a composite nucleus ( a+ A system)

W,(n,&) :emission probability of particle b with & from n-exciton state



Results of Exciton model calculations

DEX (mb/MeV sy)

A great number of calculations have so far demonstrated that the exciton model
reproduces accurately the angle-integrated spectra of the particles emitted in pre-

equilibrium reactions, particularly for nucleon emission.

LR A

14 MeV(n,n’)
Ag 70 deg

T :if TTTIT

T T T

T T TTTTTT]

\\SII’II)COInp
1 () 1 1 1 ; 1 1 1\\ 1 L

L

(a)

elastic

t

Collective °°°¢
excitation ¢

++¢¢¢ ¢
Al ,'.'%

t 00 il L4 b1

L1 vt

Lo teagal

00 2 4 6 8 10
NEUTRON ENERGY

Ref) Y. Watanabe et al., Phy. Rev. C 87, 963 (1988).

DigT—7%

12
(MeV)

a {mb)

102

10+

L

v BERES

200 30 40 50
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Fig. 1.7 Excitation function of the reaction '**Tm(p,n)'*°Yb. The curves are the
results of a theoretical calculation based on the exciton model (Birattari et al. 1973).

Ref.) C. Birattari et al. : Nucl. Phys. A201 (1973) 605.
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Fh#2FTET JL Exciton model (EHBEMK-IRR /D)
EFHNEFETETIL Feshbach-Kerman-Kooning model

W BEpEHKRTETIL scow
EFHFENE QVD, BERHRS—FETIL INCL

SERBEEERICET IV NRT—FETILR
INC
AMD
<::> QMD
Quantum Mechanical Semiclassical Microscopic
(QM) theory approximation simulation method

TALYS \ ) \ ) JQMD, INCL
in PHITS
ErIRAIL AL - DWBA Localized % F 1% T ARELOD
A2 1N LRIEAEL DWIA N-N scattering RiFfr 1t




Feshbach-Kerman-Kooning (FKK) model

e /’ sca‘*'*'*'/’ % B BT 1558 12 (MSD)
_ I o DR EBTRIFIRIERBINEE
EF7 /. 7 z MSD g"":;a;)i B A
e L — ——li ° ' ﬁ”
é 2/ /% ¢ ARIRLF—AERDEX
p—1hX 3p—2h// BBy
. T % B PEE 5 #%iBFE(MSC)
<A< 5 MC . S ATOMTARMRE QM)
% % . ARTILI0° X
2p-1h 3p-2h ﬁ%ﬂiﬂg?
MSDODFKKAE DWBAWG &
2 (DW) L BITAERE
1-step [ d’o j :Z(2L+1)a)(U,L)<dGL > ‘Wkﬁgxtz)
dUdQ) ey L dQ OU,L) .sypeesspe

2-step d’o :j dk, [ d°W,(k, k) dok, .k,
dvdQ ), .~ Qx)y\  dudQ aude ),

AW (k K Ref.) H. Feshbach et al.,
o / ) :27z-2p(kf)p2(U)<‘V2l(kfﬁkl)2> Ann. Phys. (N.Y.) 125,
dUdQ) 429 (1980)
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cross section (mb sr_' MeV ™)

contribution

rel.
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] ; 30- -
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Ref.) A.A. Cowley et al., Phys. Rev. C 43, 678 (1991).
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26 MeVHEIE (p,xp)E CTHLE
ILEEHT (EFERBOIKRLY: 1-stepDHEE)

In collaboration

da/dedn (mb/MeV sr) d’o/dedi2 (mb/MeV sr)

d°o/ded (mb/MeV sr)

with P.E. Hodgson @Oxford X

—

- Feshbach-Kerman-Koonin&7

E (a)

93Mo(p,xp) 25.6 MeV

40°

*  present work

V, = 44.4 MeV

S A e,

V __,-‘-'-:':". 1stepMSD+collective
.

elastic
.

—FKK-GNASH (total) 3
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Proton Energy (MeV)
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—

(b)  **Mo(p,xp) 25.6 MeV
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(€)  **Mo(p,xp) 25.6 MeV
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1
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BEINNHEERDOIRILX—IKEEDRE
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Ref.) Y. Watanabe et al., Phys. Rev. C 51, 1891 (1995).
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Fh#2FTET JL Exciton model (EHBEMK-IRR /D)
EFHNEFETETIL Feshbach-Kerman-Kooning model

W BEpEHKRTETIL scow
EFHFENZE QVD, BERHRS—FET IV INCL

SERBEEERICET IV NRT—FETILR
INC
AMD
— 2\ aw
Quantum Mechanical Semiclassical Microscopic
(QM) theory approximation simulation method

TALYS \ ) \ ) JQMD, INCL
in PHITS
ErIRAIL AL - DWBA Localized % F 1% T ARELOD
A2 1N LRIEAEL DWIA N-N scattering RiFfr 1t




Theoretical model analysis using PHITS code

Intra-nuclear cascade + evaporation processes

Successive binary NN collision  De-excitation from highly-excited pre-fragments

O O

Computer code: Particle and Heavy lon Transport code Systrm (PHITS)
T. Sato et al., J. Nucl. Sci. Technol., vol. 55, 684—690 (2018).

Reaction model: Intra-nuclear cascade or QMD + Evaporation model

1) Cascade - Liege Intranuclear Cascade model (INCL 4.6)

A. Boudard et al., Phys. Rec. C 87 (2013) 014606.
JQMD

K. Niita et al., Phys. Rev. C 52 (1995) 2620.
2) Evaporation > Generalized Evaporation Model (GEM)
S. Furihara, Nucl. Instrum. and Meth. B 171 (2000) 251.
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Quantum Molecular Dynamics (QMD)

n + 28Si @ 1000MeV

Semiclassical simulation method to describe the time
evolution of nucleon many-body system
1N a MICroscopic way.

x (fm)

@ Each nucleon state 1s represented by the Gaussian wave

packet :
1 r-R,))> i
(r)= SRS PN
#00= ey P { i n }

@ Total wave function : direct product of these wave functions

@ The time evolution of R, and P, 1s described by
Newtonian equation :

R-H p__H  p.
oP, R, Hamiltonian
the stochastic two- ision. o
and the stochastic two-body collision JQMD code by | - . o —

Niita et al.




DDX : 2C(p,xn) @ 0.8 and 3 GeV
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Cross Section [mb/MeV/sr]

JENDL/HE-2007 : Use of QMD + GEM above 150 MeV
EESIRILF—&%T—5771)L(~3GeV)
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EFHFEIHFE(QMD) DX R (2005~)

BRICOBFIFTEBEEZLDT HEF 2 FENF (QVD)DETET
AT U5 AZE R DRERIEZ @ /T

@ Leading

IS M coalescence (S ERIZB AL .
WETDEAFTUVISAIEREEE

Ll

x (fm)

EIRILF—EETOEREC—HEHE

1L

IR —EFICKEIFERTNARALHERZDOWE
RBREZERITARRIGETIVIZIA (2008~)

x (fm)

10 —
ol Si(n,xa) 96 MeV
< : —— original QMD
% 0 present QD 1
S 10°F e Udomrat 2004 3
g : E
E A0 20 10 0 10 20
% 10 _ z (fm)
® :
10? _ ¢ ° . .. .
Yukinobu Watanabe and Dimitre N. Kadrev, Proceedings of Int. Conf. on
F [ )
Nuclear Data for Science and Technology, April 22-27, 2007, Nice, France,

10’30 0 20 80 8 10 EDP Sciences (2008), pp.1121-1124.
Energy (MeV)



B ZE A ZE in ImPACT project

IMPACT-BEEH 7O x5+ (2014-2018FE E)
BREBICEDIE LAV ERZEY O KIRGER - BRI
https://www.jst.go.jp/impact/program/08.html
PJ-28F 3R fE (% R IG T — 2 BT B U I s il {15 )
REMGR O HERKIE(LLFP)IZX T 55F - £S5 F A SR
DR T —2MWM1T @EARIBF

FEEFFEAZAVT, LLFPE—LLBGFRUVEGFIEMEDZIER X
ISICEHRIGAEREE. RUREPEFOIRILF—72 (P iEF-
REEZOHEET —28)TRET 5.

- LLFPxt%#%%&: 79Se, 93Zr, 107P(d, 1263, 135Cs
- AHITRIJLF—: 200, 100, 50 MeV/u
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Proton + 3Zr

HEETIL:

INCL+ GEM

Cross Section [mb]

10'f 1k 1k Y2 - |
100—50MGV H4F H4F 4F 4F 4F 3
10-1- L . ! L . Ll . ! . L . ! . L . ! /\ L L . L

80 90 80 90 80 90 80 90 80 90 80 90

Mass Number

References
* 200 MeV: S. Kawase et al., JAEA-Conf, 2018-001, pp.111-114 (2018).
* 100 MeV: S. Kawase et al., Prog. Theor. Exp. Phys. 2017, 093D03 (2017).

* 50 MeV: K. Nakano et al., EPJ Web of Conferences 239, 20006 (2020) & PhD Thesis (2020).



Cross Section [mb]

Deuteron + °Zr

L 209 MeV/u
F 937r(d,x)

1fRb ('z':“a'?)

References

Mass Number

M B ARSI
80

* 200 MeV: S. Kawase et al., JAEA-Conf, 2018-001, pp.111-114 (2018).
* 100 MeV: S. Kawase et al., Prog. Theor. Exp. Phys. 2017, 093D03 (2017).

* 50 MeV: K. Nakano et al., EPJ Web of Conferences 239, 20006 (2020) & PhD Thesis (2020).
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d26/dQ/de (mb/sr/MeV)

DDXs of *°Zr(p,xn)
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Fh#2FTET JL Exciton model (EHBEMK-IRR /D)
EFHNEFETETIL Feshbach-Kerman-Kooning model
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Quantum Mechanical Semiclassical Microscopic
(QM) theory approximation simulation method
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Two-step cross section by SCDW

Incident DW Outgoing DW

0,00, \A+1

2 __(2) 4 .
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SCDW: 99Zr (p,p’x) at 160 MeV

10" g T T 10 T T T T T T T
(a) i (c) -
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SCDW B &References
1) Y. Watanabe, R. Kuwata, Sun Weili, M. Higashi, H. Shinohara, M. Kohno, K. Ogata, M. Kawai, Phys. Rev. C, Vol. 59,
pp.2136-2151 (1999).
2) Sun WEeili, Y. Watanabe, M. Kohno, K. Ogata, M. Kawai, Phys. Rev. C, Vol. 60, 064605(12 pages) (1999).
3) K. Ogata, M. Kawai, Y. Watanabe, Sun Weili, and M. Kohno, Phys. Rev. C, Vol. 60, 054605(11 pages) (1999).
4) Y. WATANABE, Weili SUN, K. OGATA, M. KOHNO, M. KAWAI, J. of Nucl. Sci. and Technol., Suppl. 2, pp. 750-753 ;

Int. Conf. on Nuclear Data for Science and Technology, Oct. 7-12, 2001, Tsukuba, Japan (2002).



®Zr(p,xp’), Ep = 160 MeV

%Zr(p,xp’), E, = 160 MeV
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Ref.) Y. Watanabe et al., “2nd Japan-Korea Joint Symp. on Nuclear Physics, 4-5 Nov. 1995, Kyushu U




BRI DEE = 5 MmikFHE

Wigner transform of one-body density matrix for the
hole state
17 (k r)=22j+1j°°dse—""'SZ¢f (r+s/2)¢’, (r—s/2)
h ’ — 2€+1 0 ~ nlmj nlmj
HO: Harmonic Oscillator
WS: Woods-Saxson
LFG: Local Fermi Gas model
1§€"'“""'”""' ] BABTFOESE
zr | B EZBHE
101; - nmunnerﬂun1cﬁshﬁbuﬁ:w1; >
; ]
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E |
% 10‘3 —HO
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k (fm™)

Ref) Sun Weili, Y. Watanabe, M. Kohno, K. Ogata, and M. Kawai, Phys. Rev. C 60,

064605, (1999).
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Result | Comparison with model calculation
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Nuclear Theories and Calculation Codes in Nuclear Data Evaluation

)‘EN pb Processing code
FRENDY
F'ises NJOY

Transport code

JENDL-4.0

@

Japan Atemic Energy Agency
MNuchear Data Centor

neutron
< 20MeV

Reaction model codes

[ CCONE, Talys, etc [QM D, INC, etc]

1 1 ~ ~—

Phenomenological Collective levels, )
[ OMP & Enhancement Level density ]
T factors T ) _ _
Microscopic
OMP [ Shell model ] [ Collective model ]
(G-matrix, RIA) [
1 1 (" Nuclear structure |

\ (HFB,1 QRPA) )

Standard ]

( . . I—[ (p-p, n-p)
Ref. ) S. Chiba, l N-N interaction

Private communication (2000).
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