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Progress Report on neutronProgress Report on neutron--induced induced 
alphaalpha--emission analysis emission analysis 

WPBB-S.05.02-T007-D004

1. Introduction:1. Introduction: WPBBWPBB--S.05.02S.05.02--T007T007--D004: D004: 31.12.202431.12.2024

2. Analysis of 2022 first data of 2. Analysis of 2022 first data of 9191Zr(n,Zr(n,))8888Sr reaction Sr reaction + (GQR) + %EWSR+ (GQR) + %EWSR
[ accuracy/uncertainty][ accuracy/uncertainty]: PLB 858(2024)139078

3. EWSR 3. EWSR systematicssystematics:: ’’ ((n,n,) reactions: ) reactions: PLB 858(2024)139078

4. (n,) ISGQR / EWSR vs. (a) syst(2001), and (b) Lorentzian ISGQR: PLB Suppl. material

5. 5. Conclusions:Conclusions: 1. Suitable (GQR+)DR+PE+CN accountSuitable (GQR+)DR+PE+CN account of  of  alphaalpha--particle emission particle emission confirmedconfirmed
2. EWSR EWSR systematicssystematics:: 5050--100%100% [ ([ (’’) ]) ] vs.vs. 100100--10% 10% [[ ((x,x,) ], ) ], x=,n

[ EUROfusion WPBB-S.05.02-T007-D004: 
Validation of the assessment of particular alpha-particle emission induced by fast 

neutrons on structural materials around 10 MeV ]

PNIII-P4-PCE-2021-1260

[EFFDOC-1538(Apr.2024)]
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1. WPBB-S.05.02-T007-D004 Obj./Del. [https://ims.euro-fusion.org]

[EFFDOC-1538(Apr.2024)]
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YES!

2.1 2.1 ’’ss OMPOMP[[1994/1994/20032003--2010/2010/20142014--20202323]    /   ]    /   --emissionemission
F4E-GRT-168.01-5.1

PPPT-WPMAT-7.1-T004-D001

*

*
PPPT-WPMAT-5.7.1-T001-D001

F4E-GRT-168.02-8.1

F4E-GRT-168.02-8.1

NO!!

Zn(p,)

Zr(n,)

-emission

[EFFDOC-1538(Apr.2024)]

WPBB-S.05.02-T001-D018

WPBB-S.05.02-T001-D005

90,91,92Zr(), 96Zr,100Mo(,n)

144Sm()

WPBB-S.05.02-T005-D007

*
*

-OMP setting/validation*
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2.1 2.1 ’’ss OMP[OMP[1994/1994/20032003--2010/20142010/2014--20202323//20212021--onon] / ] / --emissionemission / GQR/ GQR
WPPMI-7.4-T004-D002

PPPT-WPPMI-7.4-T004-D004

Fe,Co,Cu,Zn(n,) , (p,)

Ni(n,)

WPPMI-7.4-T004-D004

-emission 
YES!!!

+DR+GQR

Zr,Nb,Mo(n,)
WPBB-S.05.02-T001-D005

WPBB-S.05.02-T005-D007

WPBB-S.05.02-T007-D004

Nb(n,x)

91Zr(n,)88Sr  +
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i. unitary use of common model parameters for different mechanisms
ii. use of consistent sets of input parameters (IP) validated by analyses of 

various independent experimental data (e.g., other than activation)
iii. unitary account of whole body of related experimental data for isotope 

chains and neighboring elements

YES

re-normalization or free parameters (widely-used within ND libraries)

[ E.D. Arthur – P.G. Young, LANL, ’80 ]

[ DR+PE+CN [ DR+PE+CN ConsistentConsistent model calculations ( model calculations ( MethodMethod, Tools, IP ) ], Tools, IP ) ] (1/3)

[EFFDOC-1518(Nov.2023)]+

NO

[ ]
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OPTICAL MODEL : prime tool for all cross section calculations
 Phenomenological OMP (global parameter sets): still extensively used
 Microscopic OPs: reduced uncertainties (e.g., OM ambiguities)

 Pure elastic scattering OP analysis
SCAT2 [O. Bersillon]

- phenomenological OP
+ semi-microscopic (DF) OP

(M. Avrigeanu - local version)

 DWBA / Coupled Reaction Channel (CRC)
FRESCO-2003 [I.J. Thompson]: ((n,n,), (), (p,p,) PICK) PICK--UPUP

 Composite system equilibration
- Geometry Dependent Hybrid (GDH) preequilibrium-emission model
- Hauser-Feshbach (HF) statistical model

 STAPRE-H95 [V. Avrigeanu, M. Avrigeanu] (updated)

Phys. Rev.  C 62 (2000) 017001
Nucl. Phys. A 693 (2001) 616
Eur. Phys. J.  A 12 (2001) 399  
Int. J. of Mod. Phys. E 11 (2002) 249
Nucl. Phys. A 723 (2003) 104
Nucl. Phys. A 759 (2005) 327
Nucl. Phys. A 764 (2006) 246

Phys. Rev.  C 62 (2000) 017001
Nucl. Phys. A 693 (2001) 616
Eur. Phys. J.  A 12 (2001) 399  
Int. J. of Mod. Phys. E 11 (2002) 249
Nucl. Phys. A 723 (2003) 104
Nucl. Phys. A 759 (2005) 327
Nucl. Phys. A 764 (2006) 246

 Giant Quadrupole Resonance (GQR) [PLB 613,128 (2005), NPA 764, 246 (2006)] 
- Gaussian: E0,GQR=64/A1/3 MeV (phenomenologically: ~1 MeV, ~1 mb)

[M.N. Harakeh and A. van der Woude, Giant Resonances, Oxford,2001]

[ [ ConsistentConsistent model calculations ( Method, model calculations ( Method, ToolsTools, IP ) ], IP ) ] (2/3)
EFFDOC-1518(Nov.2023)+
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LOCAL APPROACH:
STAPRE-H95 (updated-2020)   [OM/PE/SM:  SCAT2, GDH, HF]   
– n/p- spherical OMP: Koning-Delaroche, Nucl.Phys. A713, 231 (2003)
– - spherical OMP: V. Avrigeanu+, PRC 90, 044612 (2014)
– Nuclear-level density (E>Ed [ENSDF]):  BSFG: 

+  E*<S: (a,) by fit of D0 (RIPL-3) & Nd (ENSDF,RIPL3)
+  E*>S: a(E*) [A.R. Junghans+, NPA 629, 635 (1998), 

A.J. Koning+, PRC 56, 970 (1997)]
+ I/Ir: 1/2(gs)-3/4(S)-1(15 MeV) 

[V.Avrigeanu+,JNST S2,746(2002);
M.Avrigeanu+,PRC 85, 044618 (2012)]

– -ray strength functions: E1 [EGLO/OCL: NDS 163,109(2020), PRC 94,025804(2016)]
[IAEA CRP-photonuclear]; M1 [SLO + upbend, PRC 94, 025804 (2016)]

– PE:  Geometry Dependent Hybrid model [M. Blann+, PRC 28, 1493 (1984)]
+ J-conservation [Z.Phys. A 329,177(1988)]
+ gp(u)~u,  AK(p,h),  fK(p,h,E,F1(l,Ei) [Phys. Rev. C 58, 295 (1998)], F=40 MeV
+ -emission: [Milano approach, ZPA 329, 177 (1988)]  replaced  by  g=(6/2)a

[DOI: 10.1103/PhysRevC.107.034613 ]

[ PE+CN [ PE+CN ConsistentConsistent model calculations ( Method, Tools, model calculations ( Method, Tools, IPIP ) ]) ] (3/3)
[EFFDOC-1518 (Nov.2023)]+
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2.2. Analysis of 2022 2.2. Analysis of 2022 firstfirst ((n,n,) data/question (91Zr)                                          ) data/question (91Zr)                                          (1/2)

? ?

At variance with:
- PRC 107, 034613 (2023): 9090--92,94,9692,94,96Zr(n,x)Zr(n,x)

Avrigeanu+ (submitted: 21 Oct. 2022)
- PRC 34, 2065 (1986): 90,9190,91Zr(n,Zr(n,),), d/dE

Gadioli+,  En=14.3, 18.15 MeV, 
pick-up support !

(n,0) - cross sections measured

(n,1) - cross sections by TALYS

(n,0,1) – c.s. deduced 

[EFFDOC-1518 (Nov.2023)]
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Analysis of 2022 Analysis of 2022 firstfirst ((n,n,) data on 91Zr ) data on 91Zr (2/2)

4.3(24) %EWSR  !!!

+

NEW

NEW

[EFFDOC-1538(Apr.2024)]
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3. EWSR3. EWSR systematicssystematics:: ((’’ ((), (), (n,n,) reactions                                         ) reactions                                         (1/2)

ISGQR:

EWSR (energy weighted sum rule):

[EFFDOC-1538(Apr.2024)]
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3. EWSR3. EWSR systematicssystematics:: ((’’ ((), (), (n,n,) reactions                                         ) reactions                                         (2/2)

‘‘effectiveeffective’’ QQ--valuevalue effect
[(n,p), (n,) reactions “isotope effect”:
D.G. Gardner: NP 29, 73 (1962); 
H.L. Pai et al., NPA 164, 526 (1971): Q’(a,b)=Q(a,b)+A-B 
N.I. Molla, S.M. Qaim: NPA 283, 269 (1977)]

ISGQR: 50-100% of EWSR (±25%)
[

,  p. 184]

[EFFDOC-1538(Apr.2024)]



Vlad Avrigeanu + EUROfusion WPBB-S.05.02-T007 Monitoring Meeting 25-11-2024 12Vlad Avrigeanu 12

4. (4. (n,n,) ISGQR / EWSR) ISGQR / EWSR systematicssystematics vs. Gsyst(2001) and Lorentzian ISGQR (1/4)

[PLB 858 (2024) 139078 Suppl. Material: https://www.sciencedirect.com/science/article/pii/S0370269324006361#ec0010:
The ISGQR systematics’ widths and Lorentzian shapes use within neutron-induced α-emission analysis ]

[24]
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4. (4. (n,n,) ISGQR / EWSR) ISGQR / EWSR systematicssystematics vs. Gsyst(2001) and Lorentzian ISGQR (2/4)

[PLB 858 (2024) 139078 Suppl. Material: https://www.sciencedirect.com/science/article/pii/S0370269324006361#ec0010 :
The ISGQR systematics’ widths and Lorentzian shapes use within neutron-induced α-emission analysis]
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4. (4. (n,n,) ISGQR / EWSR) ISGQR / EWSR systematicssystematics vs. Gsyst(2001) and Lorentzian ISGQR (3/4)

[PLB 858 (2024) 139078 Suppl. Material: https://www.sciencedirect.com/science/article/pii/S0370269324006361#ec0010:
The ISGQR systematics’ widths and Lorentzian shapes use within neutron-induced α-emission analysis]
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4. (4. (n,n,) ISGQR / EWSR) ISGQR / EWSR systematicssystematics vs. Gsyst(2001) and Lorentzian ISGQR (4/4)

[PLB 858 (2024) 139078 Suppl. Material: https://www.sciencedirect.com/science/article/pii/S0370269324006361#ec0010:
The ISGQR systematics’ widths and Lorentzian shapes use within neutron-induced α-emission analysis]
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Thank you for your attention !Thank you for your attention !

16

4. Conclusions4. Conclusions

 NO emitted -particle OMP parameters
 (n,) / (p,) reaction systematical analysis
 ISGQR EWSR ISGQR EWSR systematicssystematics:: 5050--100%100% [ ([ (’’) ]) ] vs.vs. 100100--10% 10% [[ ((x,x,) ], ) ], x=,n
Further, next to https://conferences.iaea.org/event/368/contributions/31753/ poster at 

Compound Nuclear Reactions and Related Topics (CNR*24), July 8-12, 2024, Vienna, IAEA
Possible microscopic path: - H. Sasaki et al. (LANL), CNR*24, 31760

- P. Stevenson (Univ. Surrey), CNR*24, 31769
Preliminary new experimental data (Peking Univ., Beijing): 64,66,67Zn(n,)

?
?

Latest results concerning alpha-particle emission (confirmed):

 -OMP A+(2014)OMP A+(2014): suitable description [suitable description [NO fit/normalizationNO fit/normalization] + DI + ] + DI + (ISGQR)(ISGQR)

Availability for (Availability for (n,xn,x), (), (p,xp,x) activation evaluation) activation evaluation
[ Fe, Co, Cu, Ni, Zn,   [ Fe, Co, Cu, Ni, Zn,   ZrZr, , NbNb, Mo   (2021, Mo   (2021--2023)2023)

-- available data analysis/descriptionavailable data analysis/description
-- additional calculations on requestadditional calculations on request ]]
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Progress Report on deuteronProgress Report on deuteron--induced  induced  reaction analysis      reaction analysis      

WPBB-S.05.02-T007-D005

[ EUROfusion WPBB-S.05.02-T007-D005: 
Advanced analysis of isomeric cross sections of deuteron-

induced reactions on A=90-100 nuclei]

PNIII-P4-PCE-2021-0642

1Marilena Avrigeanu JEFF Nuclear Data Week, 25 - 29 November 2024
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EURATOMEURATOM

d+Al,  d+Al,  
d+Cu,  d+Cu,  
d+Nbd+Nb

GRT-168 of  
Fusion for usion for 
Energy (F4E) Energy (F4E) 
d+Fe d+Fe 
d+Nid+Ni

Dedicated projects to IFMIF and ITER: Dedicated projects to IFMIF and ITER: EURATOM, F4E, EUROfusionEURATOM, F4E, EUROfusion

Priority list of IFMIF

Priority list of IFMIF--DONES candidate materials

DONES candidate materials

SPIRAL 2
d+Zrd+Zr

Marilena Avrigeanu CNR*24 , July 8 – 12, 2024,  Vienna International Centre



DeuteronDeuteron--nucleus  interaction nucleus  interaction analysisanalysis

 Breakup  Breakup  –– in TALYSTALYS--1.96,1.96, optionoption breakupmodelbreakupmodel 22: M. M. AvrigeanuAvrigeanu et al., Eur. Phys. J. A (2022) 58:3
BREAKUPBREAKUP [M. Avrigeanu, V. Avrigeanu]
- parametrization of total BU protons  total BU protons  & 

elasticelastic--breakup breakup c.s.:

- inelastic breakup enhancementinelastic breakup enhancement
brought by brought by breakupbreakup--nucleons nucleons reactions      reactions      

 Direct reactions Direct reactions 
FRESCOFRESCO (Version FRES 2.9) [I.J. Thompson ]

-- stripping & pickstripping & pick--upup, DWBA : , DWBA : ((d,pd,p), (), (d,nd,n), (), (33He,d), (He,d), (d,td,t), (d,), (d,αα), (d,), (d,33He)    He)    

MotivationMotivation: Nuclear Data Needs: Nuclear Data Needs:: ITER, IFMIF,ITER, IFMIF, SPIRAL2, SARAFSPIRAL2, SARAF, , Medical Medical InstallationsInstallations
DEUTERONS BEAMDEUTERONS BEAM

Associated Research Projects:  Associated Research Projects:  NewNew data & Updated theorydata & Updated theory
FENDL, EURATOM, F4E, FENDL, EURATOM, F4E, EUROfusionEUROfusion

Marilena Avrigeanu 3Marilena Avrigeanu 3JEFF Nuclear Data Week, 25 - 29 November 2024

 Composite system equilibration for both Composite system equilibration for both deuterondeuteron and and breakupbreakup--nucleonnucleon reactionsreactions
STAPRESTAPRE--H95H95 [V. Avrigeanu, M. Avrigeanu] (updated)

- OMP:SCAT2000; preequilibrium (PE): GDH / EXCITONGDH / EXCITON; evaporation: HauserHauser--FeshbachFeshbach
TALYS TALYS -- 1.0 1.0 -- 1.971.97 [A. Koning, S. Hilaire, S. Goriely] 

- OMP:ECIS’97; breakup, preequilibrium (PE): MSD / EXCITONMSD / EXCITON; evaporation: HauserHauser--FeshbachFeshbach
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + Mo          d + Mo          
(d,xn) 

*decreasing I/I0 ratio, RspincutRspincut,, or  RspincutpreeqRspincutpreeq (preeqspinpreeqspin 44), increases low spin isomeric states population
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1

10
 

(m
b)

 

 natMo(d,n)101Tc (a)
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0.1

1

10

E (MeV)

 

 natMo(d,xn)99Tcm 

Lebeda+ (2010)
Tarkanyi+ (2012) 
Elbinawi+ (2021)
This work

DR: 100Mo(d,n) 

[1/2-, 6.01 h]

This work 

TENDL-2023 

(b)

DR:98Mo(d,n)
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1

10

100

 

 

natMo(d,xn)97Tcm 

DR:96Mo(d,n)

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4

[1/2-, 90.1 d] 

(c)

[ PRELIMINARY ]
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1

10
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Sheng+ (1991)
Wenrong+ (1998) 
Lebeda+ (2010)
Tarkanyi+ (2012)
This work

  
 (m

b)  

 
natMo(d,xn)96Tc 

(a)
10 20 30 40 50

 

natMo(d,xn)96Tcm

Elbinawi+ (2021)
This work

DR: 95Mo(d,n)

[4+, 51.1 m]

(c)

E (MeV)

  
natMo(d,xn)96Tcg 

DR: 95Mo(d,n)

[7+, 4.28 d]

TENDL-2023 

(b)

DR: 95Mo(d,n)

[ PRELIMINARY ]
[ PRELIMINARY ]

[ PRELIMINARY ]
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + Mo          d + Mo          
(d,xn)-2 

10 20 30 40 50
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100
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b)

 

natMo(d,xn)94Tcg 

[7+, 293 m]

(a)
10 20 30 40 50
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Tarkanyi+ (2012)
This work

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
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 Rspincut 1, preeqspin 4

[(2)+, 52 m]

(b)

TENDL-2023 
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natMo(d,xn)95Tcg

     Randa+ (1976)
     Wenrong+(1998)
     Tarkanyi+ (2012)
     Elbinawi+ (2021)

?  Lebeda ? [9/2+, 20 h]

      
      
      
      

(b)
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natMo(d,xn)95Tcm 

Sheng+ (1991)
Wenrong+ (1998)
Lebeda+ (2010)
Tarkanyi+ (2012)
Elbinawi+ (2021)
This work DR:94Mo(d,n)

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4

[1/2-, 61 d]

(c)

TENDL-2023 
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 
(m

b)

 

 
natMo(d,xn)95Tc 

Lebeda+ (2010)
This work

DR: 94Mo(d,n) 

? g-state ?

(a)

[ PRELIMINARY ]

[ PRELIMINARY ]
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + Mo          d + Mo          
(d,xn)-3 
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[ PRELIMINARY ]
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + Mo          d + Mo          
(d,xnp)
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Elbinawi+ (2021)
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energy     energies 
popeps 1.e-12
partable y
#
bins 100
breakupmodel 2
deuteronomp 2
#
Preeqspin 1/y/4
Rspincut 1.; 0.5; 0.25 
#
#
filetotal y

 
 (m

b)  

 

natMo(d,xnp)91Mo

DR: 92Mo(d,t)

This work

 

 

 E (MeV)

natMo(d,xnp)91mMo

This work

DR:92Mo(d,t)

[1/2-, 64.6 sec.]

[ PRELIMINARY ]

[ PRELIMINARY ]

[ PRELIMINARY ]

[ PRELIMINARY ]

[ PRELIMINARY ]

[ PRELIMINARY ]
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + Mo          d + Mo          
(d,xn2p)

10 20 30 40 50

1

10

10 20 30 40 50

0.1

1

10

10 20 30 40 50

0.1

1

10 20 30 40 50

1

10 20 30 40 50

0.1

1

10

10 20 30 40 500.0

0.5

1.0

1.5

 E (MeV)

 Tarkanyi+ (2012)

 natMo(d,xn2p)96Nb 

DR: 98Mo(d,)

10 20 30 40 50

0.01

0.1

1

10
 

  natMo(d,xn2p)95mNb 

Tarkanyi+ (2012)
This work 

DR: 97Mo(d,)

DR:96Mo(d,3He)

[1/2-, 3.61 d]

projectile d
element    Mo
mass       0
energy     energies 
popeps 1.e-12
partable y
#
bins 100
breakupmodel 2
deuteronomp 2
#
Preeqspin 1/y/4
Rspincut 1.; 0.5; 0.25
#
filetotal y E (MeV)

 

 

 natMo(d,xn2p)95gNb 

DR: 96Mo(d,3He) 

Tarkanyi+ (2012)

DR: 97Mo(d,) 

[9/2+, 34.991 d ]

 
 (m

b)

 

 natMo(d,xn2p)98mNb 
This work

[(5)+, 51.1 min]

 TENDL-2023

  natMo(d,xn2p)97Nb 
This work 

 PEs=1, Rsc=1.0 
 PEs=1, Rsc=0.50
 PEs=1, Rsc=0.25 
 PEs=3, Rsc=1.0
 PEs=4, Rsc=1.0

98Mo(d,3He)  DR

 

  natMo(d,xn2p)95Nb

Lebeda+ (2010) 
This work

DR: 97Mo(d,) 

DR: 96Mo(d,3He) 

 

 

natMo(d,xn2p)97mNb 

This work

DR: 98Mo(d,3He)

[1/2-, 58.7 sec. ]

[ PRELIMINARY ]
[ PRELIMINARY ]

[ PRELIMINARY ]

[ PRELIMINARY ]
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + Mo          d + Mo          
(d,xn3p)

10 20 30 40 50

0.1

1

10

10 20 30 40 50

1

30 40 500.1

1

10

 E (MeV)

  

 natMo(d,xn3p)89Zr 

Lebeda+ (2010)
Tarkanyi+ (2012)
This work

 

 natMo(d,xn3p)89mZr

This work 

[1/2-, 4.16 min.]

 

 

 
 (m

b)

 natMo(d,xn3p)88Zr

 Tarkanyi+ (2012)

 PEs=1, Rsc=1.0 
 PEs=1, Rsc=0.50 
 PEs=1, Rsc=0.25
 PEs=3, Rsc=1.0 
 PEs=4, Rsc=1.0 
 TENDL-2023 [ PRELIMINARY ]

[ PRELIMINARY ]
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + d + ZrZr
(d,xn)

10 20 30 40 50

0.1

1

10 20 30 40 50

0.1

1

10

10 20 30 40 50

100

10 20 30 40 50

1

10

10 20 30 40 50
0.1

1

10

10 20 30 40 50

10 20 30 40 50

1

10

100

10 20 30 40 50

300

600

10 20 30 40 50
0.1

1

10

100

 
 (m

b)

  natZr(d,n)97Nb

(a)

DR:  96Zr(d,n)

  natZr(d,2n)96Nb
EXFOR 

(b)

 

 

 natZr(d,xn)94Nbm

(f)

[3+, 6.263 min]

 

 

 natZr(d,xn)95Nb

(c)

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4

DR:  94Zr(d,n)

 

natZr(d,xn)95Nbm

(e)

[1/2-, 3.61 d]

DR:  94Zr(d,n)

 

 

natZr(d,xn)95Nbg

(d)

[9/2+, 35 d]

DR: (d,n)

E (MeV)

 

 

 natZr(d,xn)91Nbm

(h)

[1/2-, 60.86 d]

DR:  90Zr(d,n)

 

  natZr(d,xn)90Nb

(i)

 

 

 natZr(d,xn)92Nbm 

(g)

[(2)+, 10.15 d]

DR:  91Zr(d,n)
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + d + ZrZr
(d,xn2p) 

10 20 30 40 501E-3

0.01

0.1

1

10

10 20 30 40 50

0.1

1

10

10 20 30 40 50

1

10

100

10 20 30 40 50
0.1

1

10

10 20 30 40 50
0.1

1

10

100

10 20 30 40 50

0.1

1

10 20 30 40 50

0.01

0.1

1

 

 natZr(d,xn2p)90Ym

(c)

[7+, 3.19 h]
 EXFOR

DR:  92Zr(d,)

 E (MeV)

natZr(d,xn2p)88Y

(d)

DR:  90Zr(d,)

 

 

 

natZr(d,xn2p)87Y+

87Zr

(e)

 

 natZr(d,xn2p)87Yg

(f)

[1/2-, 79.8 h]

E (MeV)

 

 

 

natZr(d,xn2p)87Ym+

(g)

87Zr

[9/2+, 13.37 h]

projectile d
element    Zr
mass       0
energy     energies 
popeps 1.e-12
partable y
#
bins 100
breakupmodel 2
deuteronomp 2
#
Preeqspin 1/y/4
Rspincut 1.; 0.5; 0.25
#
#
filetotal y

  

natZr(d,xn2p)91Ym

(b)

[9/2+, 49.71 min]

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4

 
 (m

b)

 

natZr(d,xn2p)94Y (a)

DR: 96Zr(d,)
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Effects of various options for Effects of various options for level densitylevel density spin distribution spin distribution on  on  d + d + NbNb

1E-4

1E-3

0.01

0.1

0.01

0.1

10 20 30 40 50

1E-4

1E-3

0.01

0.1

10 20 30 40 50

1E-4

1E-3

10 20 30 40 50

1E-5

1E-4

1E-3

0.01

0.1

10 20 30 40 50
1E-3

0.01

1E-3

0.01

0.1

1E-4

1E-3

0.01

0.1

  
 (b

)

 
93Nb(d,2n)93Mom

 EXFOR

[21/2+,  6.85 h ]

 

 

93Nb(d,2np)92Nbm

[(2)+, 10.15 d]

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4

 

93Nb(d,3np)91Nbm

[1/2-, 60.86 d]

 

 

93Nb(d,4np)90Nb

 

 

93Nb(d,2n3p90Ym

[7+, 3.19 h]

  

 

   E (MeV)

93Nb(d,4n2p)89Zr

 

 

93Nb(d,5n2p)88Zr
projectile d
element    Nb
mass       0
energy     energies 
popeps 1.e-12
partable y
#
bins 100
breakupmodel 2
deuteronomp 2
#
Rspincut 0.50
#
#
filetotal y

 

 

93Nb(d,p)94Nbm

[3+, 6.263 min]

 DR: (d,p)
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analyzed through the comparison of the experimental and TALYS-1.97 
activation excitation functions corresponding to  Nb(d,x),  natZr(d,x),  natMo(d,x) 

Nb tis

Effects of various options for specific level density spin distrEffects of various options for specific level density spin distribution:ibution:
 preeqspin 1 (def)

Rspincut 1. (def)
Rspincut 0.50
Rspincut 0.25

 preeqspin 3
Rspincut 1.; Rspincutpreeq 1.

 preeqspin 4 [corresponding to Rspinpreeq 0.17]
Rspincut 1.  

JEFF Nuclear Data Week - 25 - 29 November 2024

10 20 30 40 50

1

10
 

100

E (MeV)

 

natMo(d,xn)94Tcg 

[7+, 293 m]

(a)
10 20 30 40 50

 

natMo(d,xn)94Tcm 

Lebeda+(2010)
Tarkanyi+ (2012)
This work

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4

[(2)+, 52 m]

(b)

TENDL-2023 

Decreasing I/I0 ratio, RspincutRspincut,, or  RspincutpreeqRspincutpreeq (preeqspinpreeqspin 44), increases low spin isomeric states population

Thank you!
Thank you!

10 20 30 40 50

1E-4

1E-3

0.01

0.1

  
 (b

)

93Nb(d,2n)93Mom

 EXFOR

[21/2+,  6.85 h ]

0.01

0.1

 

 Rspincut 1, preeqspin n
 Rspincut 0.5, preeqspin n
 Rspincut 0.25, preeqspin n 
 Rspincut 1, preeqspin 3
 Rspincut 1, preeqspin 4
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