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Abstract 
 

  
 Consistent evaluation of 232Th measured data base is performed.  Hauser-Feshbach-
Moldauer theory, coupled channel model and double-humped fission barrier model are 
employed. Total, differential scattering, fission, capture and (n,xn) data are consistently 
reproduced as a major constraint for inelastic scattering cross section estimate. The direct 
excitation of ground state and higher band levels is calculated within rigid rotator and soft 
(deformable) rotator model, respectively. Structures evident in measured neutron emission 
spectra are correlated with excitation of levels of Κπ = 0- and Κπ = 0+, 2+ banbs. Prompt fission 
neutron spectra data are described.  Average resonance parameters are provided, which 
reproduce evaluated cross sections in the range of 10-150 kev. 
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232Th  CUMULATIVE  SUM  OF  LEVELS

NEUTRON  ENERGY, eV

                FIG. 1
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232Th  CUMULATIVE  SUM  OF  REDUCED
                        NEUTRON  WIDTHS

NEUTRON  ENERGY, eV

                FIG. 2
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232Th  LEVEL  SPACING  DISTRIBUTION
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    FIG. 3
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232Th  REDUCED  NEUTRON  WIDTH
                     DISTRIBUTION
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232Th  CUMULATIVE DISTRIBUTION OF
          REDUCED  NEUTRON WIDTHS
         (RES. PARAM. FROM ENDF/B-VI)
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232Th  TOTAL  CROSS  SECTION

     NEUTRON  ENERGY, keV

                    FIG. 6
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232Th(n,γ) CROSS SECTION

NEUTRON ENERGY, keV

               FIG. 7
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232Th   INELASTIC  CROSS  SECTION

NEUTRON  ENERGY,  MeV
 

                                           FIG. 8                                 
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232 Th ELASTIC  CROSS  SECTION

NEUTRON  ENERGY, MeV

               FIG. 9
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232 Th: AVERAGE REDUCED
           NEUTRON  WIDTH 
                  (L=0, J=0.5)

NEUTRON  ENERGY, keV
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232 Th: AVERAGE REDUCED
           NEUTRON  WIDTH 
                  (L=1, J=0.5)

NEUTRON  ENERGY, keV

               FIG. 11
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232 Th: AVERAGE REDUCED
           NEUTRON  WIDTH 
                  (L=1, J=1.5)

NEUTRON  ENERGY, keV
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232 Th: AVERAGE REDUCED
           NEUTRON  WIDTH 
                  (L=2, J=1.5)

NEUTRON  ENERGY, keV
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232 Th: AVERAGE REDUCED
           NEUTRON  WIDTH 
                  (L=2, J=2.5)

NEUTRON  ENERGY, keV

               FIG. 14
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232Th  TOTAL  CROSS  SECTION

     NEUTRON  ENERGY, MeV

                    FIG. 15

1 2

C
R

O
S

S
  S

E
C

T
IO

N
, B

A
R

N

6

9

12

WHALEN  ET  AL.,  1978 
DIVADEENAM  ET  AL.,  1968
POENITZ  ET  AL.,  1981
POENITZ  ET  AL.,  1983
FASOLI   ET  AL.,  1970
BATCHELOR  ET  AL.,  1965
IWASAKI   ET  AL.,  1981
AVERCHENKOV   ET  AL.,  1961
ENDF/B-VI
JEF-2
JENDL-3.2
PRESENT



232Th  TOTAL  CROSS  SECTION

     NEUTRON  ENERGY, MeV

                    FIG. 16
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232Th  TOTAL  CROSS  SECTION

     NEUTRON  ENERGY, MeV

                    FIG. 17
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232Th: REACTION CROSS SECTION

NEUTRON ENERGY, MeV

                FIG. 18
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232Th  ELASTIC  CROSS  SECTION

NEUTRON  ENERGY, MeV 

               FIG. 19
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232Th  ELASTIC  CROSS  SECTION

NEUTRON  ENERGY, MeV 

               FIG. 20
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232Th    En=1.5 MeV (0+)
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232Th   En=1.5 MeV (2+)
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232Th   En=1.5 MeV (4+)

Θ(deg.)
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232Th    En=2.4 MeV

(SUM  OF  0+ + 2+ +4+)
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232Th    En=2.5 MeV (0+)
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232Th   En=2.5 MeV (2+)
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232Th   En=2.5 MeV (4+)
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       232Th    En=2.6 MeV

(SUM  OF  0+ + 2+ +4+ + 6+ )
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232Th    En=3.4 MeV

(SUM  OF  0+ + 2+ +4+)
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232Th    En=3.4 MeV (0+)
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232Th   En=3.4 MeV (2+)

Θ(deg.)

FIG. 31

0 30 60 90 120 150 180

dσ
/d

Ω
(b

/s
r)

0.01

0.1

HAOUAT  ET  AL.,  1978
PRESENT 



232Th   En=3.4 MeV (4+)
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      232Th    En=3.6 MeV
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232Th        En=4.5 MeV
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232Th        En=5.0 MeV

Θ(deg.)

FIG. 35

0 30 60 90 120 150 180

dσ
/d

Ω
(b

/s
r)

0.01

0.1

1

10

SMITH  ET  AL.,  1995
BUCCINO   ET  AL.,  1966
LAGRANGE 
PRESENT



232Th        En=5.5 MeV
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232Th        En=5.9 MeV
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232Th        En=6.5 MeV
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232Th        En=7.14 MeV
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232Th        En=7.5 MeV
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232Th        E n=7.75  M eV
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FIG. 41
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232Th        En=8.03 MeV
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232Th        En=8.4 MeV
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232Th        En=9.06 MeV
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232Th        En=9.5 MeV
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232Th        En=10 MeV
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232Th

EXCITATION ENERGY, MeV

                    FIG. 48
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233Th

EXCITATION ENERGY, MeV

                    FIG. 49
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232Th LEVEL DENSITY 

EXCITATION ENERGY, MeV

                  FIG. 50
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233Th 

EXCITATION ENERGY, MeV

                  FIG. 51
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232Th: 0.049369 MeV, 2+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
 

     FIG. 52       
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232Th: 0.16212 MeV, 4+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
 

                                            FIG. 53                              

0 1 2 3 4

C
R

O
S

S
  S

E
C

T
IO

N
,  

B
A

R
N

0.0

0.2

0.4

0.6

0.8

1.0
HAOUAT  ET  AL.,  1982
GLAZKOV,  1963
GOSWANI,  1988
SMITH,  1962
JENDL-3.2
ENDF/B-VI
JEF-2  
PRESENT 
DIRECT



232Th  En=2.4 MeV (Ex=0.3332 MeV, 6+)
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232Th  En=2.8 MeV (Ex=0.3332 MeV,6+)
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232Th: 0.3332 MeV, 6+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
 

                                             FIG. 56                                
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232Th  En=1.2 MeV (Ex=0.71425 MeV,1-)
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232Th  En=1.5 MeV (Ex=0.71425 MeV,1-)
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FIG. 58
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232Th: 0.71425 MeV, 1- LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV

FIG. 59
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232Th  En=1.2 MeV (Ex=0.73035 MeV,0+)
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232Th: 0.73035 MeV, 0+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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           232Th  En=2.0 MeV

 (Ex=0.71425 MeV,1- +0.73035MeV,0+)
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               232Th  En=2.4 MeV

 (Ex=0.71425 MeV,1- AND 0.73035 MeV,0+)
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 (Ex=0.71425 MeV,1- AND 0.73035 MeV,0+)
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232Th: 0.71425 MeV, 1- + 0.73035, 0+ 
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232Th: 0.7741 MeV, 2+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: 0.7744 MeV, 3- LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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                 232Th  En=1.2 MeV

 (Ex=0.7741 MeV,2+ + 0.7744MeV,3-)
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           232Th  En=1.5 MeV

 (EQ=0.7741 MeV,2+ +0.7744MeV,3-)
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232Th:( 0.7741 MeV, 2+ + 0.7744 MeV,3-)
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232Th  En=1.2 MeV (Ex=0.7853 MeV,2+)

Θ(deg.)
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232Th  En=1.5 MeV (Ex=0.7853 MeV,2+)
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232Th: 0.7853 MeV, 2+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th  En=1.2 MeV (Ex=0.8296 MeV,3+)

Θ(deg.)

FIG. 75
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232Th  En=1.5 MeV (Ex=0.8296 MeV,3+)
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232Th  En=2.0 MeV (Ex=0.8296 MeV,3+)
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232Th: 0.8296 MeV, (3+) LEVEL  EXCITATION
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               232Th  En=2.4 MeV
 (Ex=0.774 MeV, -  0.830 MeV)
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               232Th  En=2.8 MeV
 (Ex=0.774 MeV, -  0.830 MeV)
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232Th: 0.873 MeV, 4+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: (0.8836 MeV, 5- + 0.8901 MeV, 4+) 

LEVELS  EXCITATION

NEUTRON  ENERGY,  MeV
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               232Th  En=2.4 MeV
 (Ex=0.873 MeV, -  0.890 MeV)
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 (Ex=0.873 MeV, -  0.890 MeV)

Θ(deg.)

FIG. 85

0 30 60 90 120 150 180

dσ
/d

Ω
(b

/s
r)

0.000

0.002

0.004

0.006

0.008

0.010 KEGEL  ET  AL.,  1988
PRESENT 



232Th: (0.873 MeV- 0.890 MeV) 
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232Th  En=2.0 MeV (Ex=0.9604 MeV,5+)

Θ(deg.)

FIG. 87
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232Th  En=2.4 MeV (Ex=0.9604 MeV,5+)
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232Th  En=2.8 MeV (Ex=0.9604 MeV,5+)

Θ(deg.)
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232Th: 0.9604 MeV, (5+) LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: 1.0536 MeV, (2+) LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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      232Th    En=3.55 MeV
       (EX=0.7-1.05 MeV)
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232Th  En=2.4 MeV  Ex=(0.7 - 0.9) MeV
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232Th: 1.0729 MeV, 2+ LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: 1.0787 MeV, (0+) LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: (1.0729 MeV, 2+ + 1.0775 MeV, 1- + 
1.0787 MeV, 0+) LEVELS  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: 1.0944 MeV, (3+) LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: 1.1057 MeV,  3-  LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: (1.0944 MeV, (3)+1.1057 MeV,3-)
 LEVELS  EXCITATION
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232Th: 1.1218 MeV, (2+) LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: (1.1433 MeV,  (4-)+ 1.1483 MeV,(4+)) 
LEVELS  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th: 1.1825 MeV,  3-  LEVEL  EXCITATION

NEUTRON  ENERGY,  MeV
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232Th   INELASTIC  CROSS  SECTION

NEUTRON  ENERGY,  MeV
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232Th: INELASTIC CROSS SECTION
 (CONTINUUM CONTRIBUTION)

NEUTRON ENERGY, MeV
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232Th   INELASTIC  CROSS  SECTION

NEUTRON  ENERGY,  MeV
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232Th(n,γ) CROSS SECTION

NEUTRON ENERGY, keV
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232Th(n,γ) CROSS SECTION

NEUTRON ENERGY, keV
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232Th(n,gamma) CROSS SECTION

NEUTRON ENERGY, keV
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232Th  FISSION  CROSS  SECTION

NEUTRON  ENERGY, MeV

FIG. 109
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232Th  FISSION  CROSS  SECTION

NEUTRON  ENERGY, MeV

FIG. 110
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232Th  FISSION  CROSS  SECTION

NEUTRON  ENERGY, MeV

FIG. 111
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231Th FISSION  CROSS SECTION

EXCITATION ENERGY,  MeV

                   FIG. 112
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232Th(n,f) CHANCE FISSION  CONTRIBUTIONS

NEUTRON ENERGY,  MeV

               FIG. 113
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232Th(n,2n) CROSS SECTION

NEUTRON ENERGY, MeV

                FIG. 114
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232Th(n,2n) CROSS SECTION

NEUTRON ENERGY, MeV

                FIG. 115
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232Th (n,3n)  CROSS  SECTION

NEUTRON  ENERGY,  MeV

               FIG. 116
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232Th PFNS, En=1.4 MeV. 

NEUTRON ENERGY, MeV

                FIG. 117
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232Th PFNS, En=2.0 MeV

NEUTRON ENERGY, MeV

                FIG. 118
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232Th PFNS, En=2.9 MeV

NEUTRON ENERGY, MeV

                FIG. 119
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232Th PFNS, En=7 MeV

NEUTRON ENERGY, MeV

                FIG. 120
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232Th PFNS, En~14.6 MeV

NEUTRON ENERGY, MeV

                FIG. 121
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232Th PFNS, En=17.7 MeV

NEUTRON ENERGY, MeV

                FIG. 122
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232Th and 238U PFNS, En= 8 MeV

NEUTRON ENERGY, MeV

                FIG. 123
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232Th and 238U PFNS, En=14.7 MeV

NEUTRON ENERGY, MeV

                FIG. 124
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232Th and 238U PFNS, En=17.7 MeV

NEUTRON ENERGY, MeV

                FIG. 125
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232Th FISSION  PROBABILITY 

EXCITATION ENERGY,  MeV

                   FIG. 126
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238U FISSION  PROBABILITY

EXCITATION ENERGY,  MeV

                   FIG. 127
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232Th, NEUTRON MULTIPLICIY

NEUTRON ENERGY, MeV

                 FIG. 128
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232Th(n,f) NEUTRON MULTIPLICITY

NEUTRON ENERGY, MeV

                FIG. 129
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232Th:   En=1.2 MeV (60-deg.)

NEUTRON  ENERGY, MeV
 
                FIG. 130

0 1 2

N
E

U
T

R
O

N
  S

P
E

C
T

R
U

M
, B

/M
eV

/S
R

0.0001

0.001

0.01

0.1

1

10

BABA  ET  AL., 1989
PFNS
PRESENT 

1- oc
t

0+
β

0+
γ

2+
ar

b

2+

4+

6+



232Th:   En=1.2 MeV (120-deg.)

NEUTRON  ENERGY, MeV
 
                FIG. 131
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232Th:   En=2.03 MeV

NEUTRON  ENERGY, MeV 

                FIG. 132
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232Th:   En=2.6 MeV

NEUTRON  ENERGY, MeV 

                FIG. 133
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232Th:   En=2.6 MeV (60-deg.)

NEUTRON  ENERGY, MeV
 
                FIG. 134
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232Th:   En=2.6 MeV (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 135
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232Th:   En=3.55 MeV

NEUTRON  ENERGY, MeV 

                FIG. 136
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232Th:   En=3.55 MeV (30-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 137
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232Th:   En=3.55 MeV (60-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 138
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232Th:   En=3.55 MeV (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 139
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232Th:   En=4.25 MeV

NEUTRON  ENERGY, MeV 

                FIG. 140
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232Th:   En=4.25 MeV (45-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 141
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232Th:   En=4.25 MeV (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 142
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232Th:   En=6.1 MeV

NEUTRON  ENERGY, MeV 

                FIG. 143
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232Th:   En=6.1 MeV (45-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 144
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232Th:   En=6.1 MeV (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 145
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232Th:   En=11.8 MeV (60-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 146
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232Th:   En=11.8 MeV  (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 147
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232Th:   En=14.05 MeV

NEUTRON  ENERGY, MeV 

                FIG. 148
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232Th:   En=14.05 MeV (45-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 149
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232Th:   En=14.05 MeV (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 150
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232Th:   En=18 MeV

NEUTRON  ENERGY, MeV 

                FIG. 151
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232Th:   En=18 MeV (30-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 152
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232Th:   En=18 MeV (60-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 153
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232Th:   En=18 MeV (120-deg.)

NEUTRON  ENERGY, MeV 

                FIG. 154
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232Th   En= 2 MeV 

NEUTRON ENERGY, MeV

               FIG. 155
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232Th   En= 4 MeV

NEUTRON ENERGY, MeV

                FIG. 156
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232Th   En= 6 MeV

NEUTRON ENERGY, MeV

               FIG. 157
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232Th   En= 8 MeV

NEUTRON ENERGY, MeV

               FIG. 158
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232Th   En= 12 MeV

NEUTRON ENERGY, MeV

               FIG. 159
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232Th   En= 14 MeV

NEUTRON ENERGY, MeV

               FIG. 160
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232Th   En= 20 MeV

NEUTRON ENERGY, MeV

               FIG. 161
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232Th   En= 8 MeV

NEUTRON ENERGY, MeV

               FIG. 162
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232Th   En= 10 MeV

NEUTRON ENERGY, MeV

               FIG. 163

0 2 4S
P

E
C

T
R

U
M

 O
F

 (
N

,2
N

),
 A

R
B

. U
N

IT
S

/M
eV

0.0

0.3

0.6

0.9

JENDL-3.2 
ENDF/B-VI
PRESENT 



232Th   En= 12 MeV

NEUTRON ENERGY, MeV

               FIG. 164
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232Th   En= 14 MeV

NEUTRON ENERGY, MeV

                FIG.165
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232Th   En= 16 MeV

NEUTRON ENERGY, MeV

               FIG. 166
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232Th   En= 20 MeV

NEUTRON ENERGY, MeV

               FIG. 167
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232Th   En= 12 MeV

NEUTRON ENERGY, MeV

               FIG. 168
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232Th   En= 14 MeV

NEUTRON ENERGY, MeV

               FIG. 169
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232Th   En= 16 MeV

NEUTRON ENERGY, MeV

               FIG. 170

0 2 4S
P

E
C

T
R

U
M

 O
F

 (
N

,3
N

),
 A

R
B

. U
N

IT
S

/M
eV

0.0

0.4

0.8

JENDL-3.2
ENDF/B-VI
PRESENT 



232Th   En= 20 MeV

NEUTRON ENERGY, MeV

               FIG. 171
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                    232Th       En=20 MeV
COMPONENTS  OF  FIRST  NEUTRON
                     SPECTRUM

NEUTRON  ENERGY, MeV

               FIG. 172
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                    232Th       En=14 MeV
COMPONENTS  OF  FIRST  NEUTRON
                     SPECTRUM

NEUTRON  ENERGY, MeV

               FIG. 173
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               FIG. 174
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               FIG. 175
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               FIG. 176
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cable: INATOM VIENNA
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telephone: (43-1) 2600-21710
 Online:  TELNET or FTP: iaeand.iaea.org 

  username:  IAEANDS for interactive Nuclear Data Information System 
  usernames:  ANONYMOUS for FTP file transfer; 
   FENDL2 for FTP file transfer of FENDL-2.0; 
   RIPL for FTP file transfer of RIPL; 
   NDSONL for FTP access to files saved in “NDIS” Telnet session. 
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