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IFM
Motivation: Data Needs

IFM
(International Fusion Mat

D-Li neutron source for testing fug

General purpose :   Activation/transmu
[U Fischer: "Nuclear Data Libraries for Advanced Systems: Fu[U. Fischer: "Nuclear Data Libraries for Advanced Systems: Fu

Urgent need for qualified IFMIF
IEAF/EAF : (n p d) to be furtIEAF/EAF : (n, p, d), to be furt
Cross section measurements

neutrons (E >20 MeV):  Cr
deuterons (E < 40 MeV
protons (E < 12 MeV): Cu,

Evaluations (n p d) to be fuEvaluations  (n, p, d) to be fu

Reliable gas production cross-sectio

Dosimetry data file to be developed f
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MIFMIF
terial Irradiation Facility)

usion reactor candidate materials

tation data library
sion Devices“ Nov 2007 IAEA Vienna]sion Devices“, Nov 2007, IAEA, Vienna]

F reference data library
her developed improved and validatedher developed, improved and validated

s & calculations required for
r, Co, V, W, Ta, Pb, Bi, Au, Mn

V): Cu, Al, Nb, Co
, Al, Nb, Ta, W, Au, Pb

urther developed improved and validatedurther developed, improved and validated

on data (H, He)

for E > 20 MeV  (IRDF)
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Nuclear Mode
Pure elastic scattering OP analysis

SCAT2 [O. Bersillon]
- phenomenological OPp g

+ semi-microscopic (DF) OP
(local version)

DFOLD [M. Avrigeanu]DFOLD [M. Avrigeanu]
- double folding method

Direct reactions
FRESCO-2003 [I.J. Thompson]

3+

- breakup: elastic component (CDCC)
- elastic transfer: weakly bound systems 
- stripping & pick-up: (d,p), (d,n), (d,t)

1+

3+

d   +
pp g p p ( ,p), ( , ), ( , )

Composite system equilibration
STAPRE H95 [V A i M A iSTAPRE-H95 [V. Avrigeanu, M. Avrige

- OMP:SCAT2000; preequilibrium: GDH 
TALYS - 1.0; TALYS - 1.2 [A. Koning
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; [ g
- OMP:ECIS’97; preequilibrium: MSD / E

l Calculations
s

Microscopic Optical Model Potential
U(E,R)= ∫dr1 ∫dr2 ρ1(r1) ρ2(r2) veff(ρ,E,s=R+r1-r2) 
 

• ρ1,2  -  density distributions of projectile (1) and target (2) 
 

• v(r)  -  effective NN-interaction:   
                 isoscalar and isovector components of 

M. Avrigeanu et al., PRC 62 (2000) 017001; EPJ A 12 (2001) 399 ; NP A723 (2003) 104; 
NP A764 (2006) 246; PRC 79 (2009) 044610; At. Data Nucl. Data Tables 95 (2009) 501

                direct and exchange parts of M3Y interaction 
                     ( g-matrix using Reid/Paris NN potential ) 
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eanu] (updated)
/ EXCITON; evaporation: Hauser-Feshbach
, S. Hilaire, M. Duijvestijn] 

EdC Association Day, Iasi, 02.07.2010 3

, , j j ]
EXCITON; evaporation: Hauser-Feshbach



Optical Mod
• NO  GLOBAL OPTICAL MODEL POTENT

• COMPARATIVE ANALYSIS of global OM

Lohr-Haeberli (1974): A~40-209 ELohr-Haeberli (1974):       A~40-209, E
Perey-Perey (1963,1976): A~40-208, E
Daehnick et al. (1980):      A~27-238, E

27 89 120Bojowald et al. (1988):     27Al, 89Y, 120S

• None of these global OMP descNone of these global OMP desc

• Semi-microscopic OMP by using rea
UDF, & more accurate param

• Phenomenological OMP : parametePhenomenological OMP : paramete

• Cross-Sections calculatio

EURATOM MEMarilena Avrigeanu

del Potential
TIAL (OMP) for    d + Nucleus (A<27)

Ps for  d + 27Al, 63,65Cu, 54,56,58Fe, 93Nb, 59Co

E=8-13 MeVE=8-13 MeV
E=12-25 MeV
E=11.8-90 MeV

208Sn, and 208Pb at Ed=58.7 and 85 MeV

cribes data at E<15 MeVcribes data at E<15 MeV

listic nucleon-nucleon interaction
meterization for WV, WD, VSO

erization for UR (frozen W&VSO)erization for UR (frozen W&VSO)

ons
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1 27Al(d d )

DF-real & phenomenological imaginary/s.o.
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d + 63,65Cu: activation cross

400[m
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s sections first step: d-OMP
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 Fulmer+ (1970)
Bem+ (2007)

63Cu(d,3n)62Zn
 Fulmer+ (1970)
Okamura+ (1971)

63Cu(d,2n)63Zn
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d + 63,65Cu: activa

0.4
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 Bem+ (2007)
Nakao+ (2006)
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Gilly+ (1963)
Fulmer+ (1970)
Okamura+ (1971)

10-2

Nakao+ (2006)
 present work
 TENDL-2009

Bem+ (2007)
Tarkany+ (2006)
Ochiai+ (2007)
Nakao+ (2006)
Simeckova+(2010)

10-3

 σ(n)
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 10-2 65Cu(d,2p)65Ni
 Baron+ (1963)
 Bem+ (2007)

(f)65Cu(d,2n)65Zn
Pement+ (1966)
Fulmer+ (1970)
Okamura+(1971)

10-3
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Takacs+ (2001)
Bem+ (2007)
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d + 27Al: activat
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d   breakup  involvem
l ti 93Nb + delastic  93Nb + d

93Nb + n+ p
inelastic (93Nb + n) + p

94Nb* + p

inelastic (93Nb + p) + n
94Mo* +n94Mo +n

EURATOM MEMarilena Avrigeanu

ment : d+93Nb      95Mo*

σBU-Inelastic
* σn,x /σn

R

94Nb + γ + p (γp ch. of 95Mo*)
93Nb + n + p (np ch of 95Mo*)93Nb + n + p (np ch. of 95Mo )
93Zr + p + p (2p ch. of 95Mo*)

90Y + α + p (αp ch of 95Mo*)Y + α + p (αp ch. of Mo )

σBU-Inelastic σ /σp

94Mo + γ + n (γn ch. of 95Mo*)
93 95 *

σ * σp,x /σp
R

93Mo + n + n (2n ch. of 95Mo*)
93Nb + p + n (pn ch. of 95Mo*)

EdC Association Day, Iasi, 02.07.2010 9

90Zr + α + n (αn ch. of 95Mo*)



Empirical breakup comp
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fpT
BU= 0.087 – 0.0066 Z + 0.00163 Z A1/3

ponents fBU systematics

Q{Al(d,p)} = 5.5 MeV

EdC Association Day, Iasi, 02.07.2010 10

3 + 0.0017 A1/3E – 2E-6 ZE2

fEL
BU= 0.031 – 0.0028 Z + 0.00051 Z A1/3 + 0.0005 A1/3E – 1E-6 ZE2



STRIPPING calculation
100 27

neutron-proton interaction:
<φ(d),φ(p/n)>; V=V0e-(r/rd)2

1

100

V0=72.15 MeV; rd=1.484 fm
M. Kamimura et al., Prog. Theor. Phys. Suppl. 80 (1986) 1

nucleon bound state:
<φ(Target),φ(Residual)>

0.01
x1

x1φ( g ),φ( )
real-WS:  V0; r0=1.25; a=0.65

spectroscopic factors,  SIJ
lsj:

experimental proton/neutron angular distributions
Ψ (ξ r)~∑ AIJ [φI (ξ) φ ] ;

1E-6

1E-4

r)

x1

ΨJM(ξ,r)~∑lsjAIJ
lsj[φI

target(ξ) φlsj]JM;

|AIJ
lsj|2 = SIJ

lsj

35 levels up to 5.135 MeV for  the
odd-odd    28Al  ( 27Al(d,p)28Al)

1E-8

dσ
/d
Ω

 (m
b/

s

x1

x1odd odd ( (d,p) )

24 levels up to 11.4     MeV for the
even-even 28Si ( 27Al(d,n)28Si)

1E-12

1E-10
x1

x1

63 levels up to 3.030 MeV for  the
odd-odd 64Cu ( 63Cu(d,p)64Cu)

52 levels up to 3.080 MeV  for  the
odd-odd 66Cu ( 65Cu(d p)66Cu)

1E-14

x1

x1odd-odd    Cu ( Cu(d,p) Cu)

119 levels up to 6        MeV  for  the
odd-odd    59Co  (59Co (d,p) 60Co)

1E-18

1E-16

x1

x1
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 ϑ

ns details     (FRESCO)
7Al(d p)28Al

M. Avrigeanu et al., Fus. Eng. Des. 84, 418 (2009)

10
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Breakup and Pick-up contrib
M Avrigeanu V AvrigeanuM Avrigeanu V Avrigeanu

2103 93Nb(n 2n)92mNb

σ(d,t) - (FRESCO)
σBF*σ(n,2n)/σn

R

M. Avrigeanu, V. AvrigeanuM. Avrigeanu, V. Avrigeanu

101

102

102

10

σ
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m
b)

 

41Nb(n,2n)41 Nb
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th = 8.927
σBF*σ(p,d)/σp
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Tarkanyi+ (2007)
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 Ed  (MeV)

butions to activation cross-sections
Int Conf on Nucl Data for Sci and Tech JejuInt Conf on Nucl Data for Sci and Tech Jeju--Korea 26Korea 26--30 April 201030 April 2010

93Nb(d,x)92mNb  

93Nb(p d)92mNb

, Int. Conf. on Nucl. Data for Sci. and Tech., Jeju, Int. Conf. on Nucl. Data for Sci. and Tech., Jeju Korea, 26Korea, 26 30 April, 201030 April, 2010

100
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 BF(n,2n) 

Nb(p,d) Nb
 Kiselev+ (1974)
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10-1
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Ep,np
th  = 8.927
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M. Avrigeanu, V. AvrigeanuM. Avrigeanu, V. Avrigeanu

Deuteron breakup contributio
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  Ep  (MeV)

, Int. Conf. on Nucl. Data for Sci. and Tech., Jeju, Korea, 26, Int. Conf. on Nucl. Data for Sci. and Tech., Jeju, Korea, 26--30 April, 201030 April, 2010

on to activation cross-sections
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CONCLU
Semi-microscopic OMP analysisSemi-microscopic OMP analysis

UDF: ρd (charge) & ρAl (charge) & M3
WD & VSO phenomenological 
improved agreement with data addiimproved agreement with data addi

Phenomenological OMP analysis
agreement with all available measured dagreement with all available measured d
good description of (d,d) data vs. TALYS
improved description of (d,d) data vs. g

A l i f d i t ti ith 27AAnalysis  of  d interaction with 27A
BU, BF - Deuteron break-up mechanism
DR mechanism considered trough n & pDR mechanism considered trough n & p
PE and evaporation mechanisms contrib
Comparison of d-activation with TE

F4E-2008-GRT-06 (ES-AC) / Task 

EURATOM MEMarilena Avrigeanu
•• Deuteron activation  c. s.  calculatDeuteron activation  c. s.  calculat

USIONS

Y Paris-NN

ng the dispersion correctionsng the dispersion corrections

for 27Al, 63.65,natCu, 93Nb
datadata
S default OMPs
global OMPs

Al 63 65C 93Nb 59CAl,63,65Cu, 93Nb, 59Co
 contributions, 

p stripping, pick-upp stripping, pick up
butions
ENDL-2009 library

5b further work:
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