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250 251 
Nuclear data of Cf and Cf have been evaluated in the energy 

range from 10 eV to 20 MeV. There exist only a few experimental data 

for the cross sections of both the,isotopes, that is, the cross sections 

at the thermal neutron energy and the resonance integrals. Therefore, 

the present evaluation was based on systematic trends of the data and 

the calculation with the optical, statistical and evaporation models. 

Cross sections evaluated in this work are the total, elastic and 

inelastic scattering, fission, radiative capture, (n,2n), (n,3n) and 

(n,4n) reaction cross sections. In the energy range below 150 eV, 

hypothetical resonance levels were generated so as to reproduce the 

measure! thermal cross sections and resonance integrals. Other 

evaluated quantities are the angular distributions of elastically and 

inelastically scattered neutrons and those of neutrons emitted from the 

(n,2n), (n,3n), (n,4n) and fission reactions, their energy 

distributions, and average numbers of neutrons emitted per fission. The 

results were compiled in the ENDF/B-V format. 

This work was performed under contracts between Power Reactor and 

Nuclear Fuel Development Corporation and Japan Atomic Energy Research 

Institute. 
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1. Introduction 

Precise Knowledge of nuclear data for transplutonium isotopes is 

important for analysis of the higher actinide productions in the nuclear 

fuel cycle. We performed, therefore, t'ie evaluation work on the neutron 

, „ , 241. 242g. 242m. 243A 242^, 243„ 244„ , 
nuclear data or Am, Am, Am, Am, Cm, Cm, Cm and 

245 
Cm, and stored them in JENDL-2. After compilation of JENDL-2, the 

. , 246„ 247„ 248- 249„ 249,,. , 249_ , 
nuclear data of Cm, Cm, Cm, Cm, Bk and Cf have been 

250 
evaluated for JENDL-3. In the fiscal year of 1985, the data of Cf 

251 
and Cf were evaluated under contracts with Power Reactor and Nuclear 

Fuel Development Corporation. 

252 
These two nuclides are on the Cf production path, and have the 

a-decay half-lives of 13.08 years and 898 years, respectively. Experi

ments on their neutron data have not been performed so many times. Only 

their thermal data are available at present. Consequently, the present 

evaluation was mainly based on systematics from data of neighboring 

nuclides. Table 1 is a list of the quantities evaluated in the present 

work. 

2. Data in Resonance Region 

2.1 Thermal Cross Sections 

(a) Californium-250 

Measured values of the thermal cross sections are shown in Table 2. 

The radiative capture cross sections are largely scattered from 1090 to 

2034 barns. The recent two measurements by Halperin et al. and 

Gavrilov and Goncharov are in good agreement with each other. In the 

present evaluation, the cross section of 1730 ± 220 barns was adopted by 

3) averaging the measured values of Folger et al. and of the recent two 

experiments. 

1 
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The measurement of the fission cross section was made by Metta et 

2) 
al. However, they could not find any evidence of the thermal neutron 

induced fission. The value compiled in EXFOR is 'less than 350 barns'. 

In the present evaluation, the small fission cross section of about a 

few barns was assumed. 

(b) Californium 251 

Table 3 lists the values of measured thermal cross sections of 

251 

Cf. The radiative capture cross section was measured by Mugnusson et 

al. and by Halperin et al. Since both results are in good agreement 

with each other, the experimental value of Halperin et al., 2850 ± 150 

barns, was adopted in the present evaluation. 

The four measurements of the fission cross section were reported so 

far. Recent results are larger than older ones. We assumed the fission 

cross section of 4890 ± 190 barns that was obtained by averaging the 

recent experimental values measured by Ragaini et al. and Flynn et 

al. Consequently, sum of the radiative capture and fission cross 

sections of 7740 barns became larger than measured absorption cross 

sections. It seems that there exists inconsistency among experimental 

data. 

2.2 Resonance Integrals 

250 
The resonance integral of the Cf radiative capture cross section 

was measured by Halperin et al. , and by Gavrilov and Goncharov , and 

3) that of the absorption cross section was obtained by Folger et al. 

Large discrepancies are found among measured values as shown in Table 4. 

The value of 8300 ± 3300 barns was adopted in the present evaluation by 

averaging the two recent measurements. The resonance integral of 1600 

2 
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251 
barns was adopted for the Cf radiative capture cross section on the 

basis of the measurement by Halperin et al. 

No experimental data are available on the fission resonance 

integrals of both the isotopes. 

2.3 Resonance Parameters 

2.3.1 Resolved Resonance Parameters 

No experimental data of the resonance parameters are existing for 

both the nuclides. Hence, hypothetical resonance levels were generated 

9) 
with almost the same method as that proposed by McCrosson so as to 

reproduce the thermal cross sections and resonance integrals mentioned 

above. For the generation of resonance levels and their parameters, 

average radiative capture and fission widths, neutron strength 

functions, level spacings and effective scattering radii must be 

reasonably assumed. In the present evaluation, they were determined as 

follows: 

(a) Radiative capture width 

Theoretical prediction of radiative capture widths for the tran-

sactininum isotopes was made by Moore. We adopted his results; 

250 
r =36.9 meV for Cf, 
Y 

r = 43.5 meV for 251Cf. 
Y 

(b) Fission width 

The average fission width was estimated from the thermal cross 

sections and radiative capture width as follows. 

°f 
r, = — x r . (D 
f a y 

Y 

3 
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251 
The fission width of 74.6 meV was obtained for Cf by adopting o = 

250 
4890 barns, a = 2850 barns and r =43.5 meV. In the case of Cf, 

Y T 

the fission width of 0.1 meV was assumed because no thermal cross 

section has bton measured and a very small value could be expected. 

(c) Neutron strength functions 

The optical model calculation described in Chapter 3 predicts the 

-4 
s-wave strength function of 0.P?1.X10 for both isotopes in the low 

neutron energy region. This values seems to be slightly smaller than S. 

values of other neighboring nuclides. Hence, in this work, the 

-4 
s-wave neutron strength function of 1.0^10 was adopted for both 

isotopes. 

(d) Average level spacing 

The average level spacing for s-wave resonances was calculated from 

a level density formula. Level density parameters were derived from 

resonance level spacings of the neighboring nuclides and level 

schemes as described in Chapter 3. The calculated s-wavc level sparings 

250 251 
are 16 eV and 6.3 eV for Cf and Cf, respectively. 

i,e) Effective scattering radii 

The effective scattering radii were estimated from the optical 

250 251 
model calculation; R = 9.253 fm for Cf and R = 9.252 for Cf. 

By using these basic parameters, hypothetical s-wave levels were 

generated below 190 eV including a negative eneigy level. The energies 

and parameters of the negative and the first positive levels were 

adjusted so as to reproduce the thermal cross sections and resonance 

4 
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integrals. The single-level Breit-Wigner formula was used to calculate 

the resonance cross sections. The upper boundary of the resolved 

resonance region was set at 150 eV. 

2.3.2 Unresolved Resonance Parameters 

In the energy range from 150 eV to 30 keV, unresolved resonance 

250 
parameters were evaluated for both isotopes. Those of Cf were based 

on the average parameters used in the resolved resonance region, and the 

-4 
p-wave strength function of 3.0x10 obtained with the optical model 

calculation. 

251 
As for Cf, the average resonance parameters adopted in the 

resolved resonance region gave too small fission cross sections at 

higher energies. Hence, the average fission with and neutron strength 

functions were adjusted so as to reproduce the reasonable values of the 

fission cross section. 

The effective scattering radii were adjusted to the total cross 

section calculated at 30 keV. These obtained unresolved resonance 

parameters are summarized in Table 5. 

3. Cross Sections above Resonance Region 

3.1 Fission Cross Section 

No measurements have been made for the fission cross section in the 

fast neutron energy region. Therefore, the cross section was determined 

12) 
from systematics. Behrens and Howerton obtained an empirical formula 

235 
for the fission cross sections relative to that of U in the energy 

13) 
range from 3 to 5 MeV. Recently, Lasijo tried to find an alternative 

empirical formula on the basis of the same experimental data as those 

used by Behrens and Howerton. He found the following formula. 

5 
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of = F(Z) + C x [N-G(Z)]
2, (2) 

where Z is the atomic number and N the neutron number, and F(Z) and G(Z) 

are given as 

G(Z) = a0 + axZ + a2Z
2, (3) 

a = -2690.37063, 

at = 59.7373309, 

a2 = -0.3138082, 

F(Z) = b 0 + bjZ + b 2Z
2 + b 3Z

3, (A) 

bQ = 2815.607814, 

b1 = -89.65620409, 

b2 = 0.94850607, 

b3 = -0.00333247, 

and the constant C is 0.01702407. Figures 1 and 2 show the fission 

cross sections for various nuclides predicted from Eq. 2 together with 

250 251 
the experimental data. The fi: ion cross sections of Cf and Cf 

are estimated to be 2.323 and 2.406 barns, respectively. 

Shape of the fission cross section in the high energy region was 

determined from systematic trends of adjacent nuclides. In the low 

energy region, they were represented with the resolved and unresolved 

resonance parameters. The two parts of cross section were connected 

smoothly by eye-guiding in the medium energy region. 

3.2 (n,2n), (n,3n) and (n,4n) Reaction Cross Sections 

These cross sections were calculated with Pearlstein's method 

The neutron emission cross section is nearly equal to the difference 

betwr.en the compound nucleus formation cross section calculated with the 

optical modcil and the fission cross section, because the charged 

particle emission cross sections are negligibly small. A part of the 

6 
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neutron emission cross section, about 10 mb, was assumed to be the 

inelastic scattering cross section in the high energy region. 

The Q-values of the (n,2n), (n,3n) and (n,4n) reactions were 

obtained from the compilation of mass excess by Wapstra and Bos , and 

250 
are given in Table 6. The Cf (n,4n) reaction was ignored in the 

present calculation because its threshold energy is very high. 

3.3 Level Density Parameters 

Level density parameters were newly determined on the basis of 

Gilbert-Cameron's composite formula . For determination of the 

parameters, the computer program LEVDENS was used. 

Pairing energies and shell corrections were taken as they were 

given by Gilbert and Cameron. The spin cutoff factor was assumed to be 

ol = 0.146/aUA2/3 = a^/v. (5) 

The parameter a was determined so that the measured s-wave level 

spacings recommended by Mughabghab might be obtained well. Figure 3 

250 251 
shows the obtained a parameters. The a parameters of Cf and Cf 

were estimated from systematic trend shown in Fig. 3. 

The number of low energy levels is expressed with the constant 

temperature model as 

N(E) = C*Texp(E/T). (6) 

The constant C and nuclear temperature T were determined from staircase 

21 22) 250 

plots of low-lying levels ' . An example of Cf is given in Fig. 

4. The obtained level density parameters of Cf isotopes are listed in 

Table 7. In the table, the parameters A and E are the pairing energy 

and the connecting energy of the constant temperature model and the 

Fermi gas model. 

7 
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3.4 Other Cross Sections 

Other cross sections were calculated with the program CASTHY18^ 

based on the spherical optical and statistical models. The optical 

potential parameters shown in Table 8 were obtained by [garasi and 

19) 241 
Nakagawa so as to reproduce the total cross section of Am measured 

20) 
by Phillips and Howe. 

Taking the (n,2n), (n,3n), (n,4n) and fission as the competing 

processes, the radiative capture, elastic and inelastic scattering cross 

sections were calculated. The same average radiative capture widths and 

s-wave level spacings as those in the resonance region were used for 

calculation of the capture cross sections. 

<T > = 0.0369 eV, DQ = 16 eV, for 250Cf, 

<l > = 0.0435 eV, D. = 6.3 eV, for 251Cf. 

The data on discrete levels were taken from the Nuclear Data 

21 22) 
Sheets ' . The adopted levels are given in Tables 9 and 10, for 

250 251 
Cf and Cf, respectively. The twenty-nine excited levels up to 

250 
1.478 MeV were taken into account for Cf and levels above 1.50 MeV 

were assumed to be overlapping. The 500-keV level with J = 8 was 

ignored because of small contribution to the cross section. On the 

other hand, the twenty-three levels up to 649 keV were adopted for 

251 

Cf, and levels above 700 keV were assumed to be overlapping. 

Although several levels have very large spin values, all of them were 

taken into the present calculation. 

4. Other Quantities 

4.1 Angular Distributions of Emitted Neutrons 

The angular distributions of elastically and inelastically 

scattered neutrons were calculated with the optical and statistical 

8 
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models. The isotropic distributions in the laboratory system were 

assumed for the neutrons emitted from the continuum inelastic 

scattering, fission, (n,2n), (n,3n) and (n,4n) reactions. 

4.2 Energy Distributions of Emitted Neutrons 

Energy distributions of emitted neutrons were estimated with the 

same method as our previous evaluations. The evaporation spectrum was 

assumed for neutrons due to the continuum inelastic scattering. The 

nuclear temperature 8 was determined as 

9 = T, for E <E , (7) 

' n= x 
9 = {1 + /l+4a(E -A)}/2a, for E >E . (8) 

n n x 
where E is the incident neutron energy, and a and A are the level 

n 

density parameter and the pairing energy of the residual nucleus. The 

parameter T is the nuclear temperature defined in the constant 

temperature model (Eq. 6), and E is the energy where the constant 

temperature model is connected to the Fermi gas model. 

The neutron spectra from the (n,2n), (n,3n) and (n,4n) reactions 

were also characterized with the evaporation model. The Maxwellian 

spectrum was adopted for the fission neutrons. The temperature was 

23) 
estimated from the systematics obtained by Smith et al. 

4.3 Average Numbers of Neutrons Emitted per Fission 

(a) Prompt neutrons 

Howerton ' obtained the following semi-empirical formula on the 

average number of neutrons emitted per neutron-induced fission for the 

target nucleus with the mass number of A and the atomic number of Z. 

— A+l— 7 7 
v(Z,A,E ) = 2.33+0.06[2-(-l)A -(-1) ]+0.15(Z-92)+0.02(A-235) 

n 

+[0.130+0.006(A-235)]*[E -E (Z,A)] (9) 

9 
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where E i s the incident neutron energy. The f iss ion threshold energy 

E . i s wr i t t en as th 
? A-t-1 — 7 7 

E t h(Z,A) = 18.6-0 .36Z z / (A+l)+0.2[2-( - l ) A L L-(-\)L]-s,^ (10) 

where B stands for the neutron separation energy from compound nucleus. 

This formula predicts the number of neutrons as 

v = 3.63+0.220E , for 25°Cf, (11) 

p n ' 
v = 3.8i+0.226E , for 251Cf. (12) 
p n' 

250 251 

Equation 11 was adopted for Cf. As for Cf, the number of 

prompt neutrons was measured by Flynn et al. for the thermal-

neutron-induced fission; v = 4.1 ± 0.5. Therefore, we adopted the 

expression. 

v = 4.1+0.226E , for 251Cf. (12') 

P n (b) Delayed neutrons 

The following systematics on the number of delayed neutrons was 

Of: \ 

proposed by Tuttle : 

v = exp[13.81+0.1754(Ac-3Z)(A /Z)], (13) 

where A is the mass number of the compound nucleus. We assumed that 
c 

since the (n,n'f) channel opens around 7 MeV, the (n,n'f) process is 

always dominant above 7 MeV. The values of v, at lower energies and at 

higher energies were linearly connected between 6 and 8 MeV. 

250Cf v,=0.00406 (E <6 MeV), 
a n 

0.00280 (E >8 MeV). 
n 

Cf v =0.00590 (E <6 MeV), 
d n 

0.00406 (E >8 MeV). 

5. Comparison with Other Evaluations 

250 251 
The evaluated nuclear data of Cf and Cf are existing in the 

10 
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ENDF/B-V27) and ENDL ' also. The evaluation for the ENDL is 

tially the same as that of the ENDF/B-V. The present results are, 

therefore, compared with the ENDF/B-V in Figs. 5 to 14. 

250 
Figures from 5 to 9 show the data of Cf. Cross sections in the 

resolved resonance region are averaged in suitable energy intervals in 

the figures. Hypothetical resonance levels were also generated in the 

ENDF/B-V evaluation so as to reproduce the thermal cross sections and 

resonance integrals. Since the level generation was based on the same 

way as the present evaluation, the both results show the same trend in 

general. However, the large discrepancies exist in the elastic 

scattering and fission cross sections. The discrepancies come from the 

different treatments of the negative resonance as to the elastic 

scattering cross section. The present evaluation introduced the 

negative resonance, while the ENDF/B-V evaluation gave background cross 

sections in place of the negative resonance. The fission cross sections 

displayed in Fig. 7 also have large discrepancy below 1 MeV. The 

ENDF/B-V adopted the cross section of 0.0 barn at the thermal energy. 

Figure 9 shows comparison of the inelastic scattering, (n,2n) and (n,3n) 

cross sections. In the energy region below a few hundred keV, the 

present result of the inelastic scattering is larger than the ENDF/B-V. 

In the other region, the present results of the threshold reactions are 

smaller. This seems to be caused by the difference of the fission cross 

sections. 

251 
Figures from 10 to 14 compare the data of Cf. The same tendency 

250 as Cf is found in the resonance cross sections, except the fission 

250 
cross section which is in better agreement than Cf. The reason is 

that there exist the measured fission cross sections at the thermal 

neutron energy. The trend of the threshold reactions is the same as 

250Cf. 

- 11 -
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Table 11 lists the thermal cross sections and resonance integrals 

calculated from the present evaluation and the ENDF/B-V. Both results 

are in very good agreement with experimental data. 

6. Concluding Remarks 

250 251 
The neutron nuclear data of Cf and Cf have been evaluated in 

the energy range from 10 eV to 20 MeV. All cross sections obtained 

are shown in Figs. 15 and 16. By taking account of systematics of data 

and theoretical calculations, reasonable evaluated data were obtained. 

Large discrepancies are existing between present results and ENDF/B-V 

evaluation. These discrepancies are due to lack of experimental data. 

The available experimental cross section data are only the thermal 

cross sections and resonance integrals. As shown in Chapter 2, 

scattering of the experimental data is large. Measurements of resonance 

parameters in the low energy region and the fission cross section in the 

high energy region are required in order to perform more accurate 

evaluation. 
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Table 1 Quantities evaluated in the present work 

Quantities 

1) Resonance parameters 

Resolved resonances 

Resolved resonance ri 

Unresolved resonance 

2) Cross sections 

Total 

Elastic scattering 

Inelastic scattering 

Fission 

Radiative capture 

(n,2n) 

(n,3n) 

(n,4n) 

agion 

region 

Energy 

250cf 

-1.58 -

i o - 5 -

0.15 -

10 - 5 eV -

10~3 eV -

42.89keV-

10-5 eV -

10~5 eV -

6.650 -

12.27 -

177.0 eV 

150 eV 

30.0 keV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

not given 

range 

251cf 

-0.35 -

i o - 5 -

0.15 -

10~3 eV -

10~3 eV -

24.92keV-

10-5 eV -

10~3 eV -

5.132 -

11.78 -

17.40 -

189.8 eV 

150 eV 

30.0 keV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

20 MeV 

3) Angular distributions of emitted neutrons 

Angular distributions of elastically and inelastically scattered 

neutrons, and those from (n,2n), (n,3n), (n,4n) and fission reac

tions were given in the same energy range as their cross-section 

data. 

4) Energy distributions of emitted neutrons 

Inelastic to continuum levels 1.506 - 20 MeV 

Fission 10~5 eV - 20 MeV 

(n,2n) 6.650 - 20 MeV 

(n,3n) 12.27 - 20 MeV 

(n,4n) not given 

5) Other quantities 

20 MeV 

0.703 - 20 MeV 

10 - 3 eV - 20 MeV 

5.132 - 20 MeV 

11.78 - 20 MeV 

17.40 - 20 MeV 

10 3 eV 

10 eV 

10 3 eV 

20 MeV 

20 MeV 

10 eV - 20 MeV 
-5 

10 

10~3 eV 

eV - 20 MeV 

20 MeV 
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250 
Table 2 Thermal cross sections of Cf 

(barns) 

Authors capture fission 

Mugnusson et al. 

2) 

1) 

Metta et al. 

Folger et al 3) 

4) 
Smith et al 

Halperin et al 

Gavrilov and Goncharov 

5) 

6) 

^ 1500 

* 

1500 

1090 

2034 ± 200 

1800 

350 

adopted J.730 ± 220 a few barns 

* absorption cross sections 

** from EXFOR 12562 

251 
Table 3 Thermal cross sections of Cf 

(barns) 

Authors 

Mugnusson et al. 

2) 

1) 

Metta et al. 

Folger et al 3) 

Smith et al 
4) 

Halperin et al. 

Ragaini et al. 

Flynn et al.8^ 

5) 

capture fission absorption 

% 3000 

2850 ± 150 

3000 + 260 

3500 

4800 ± 250 

5300 ± 530 

6600 

4970 

adopted 2850 ± 150 4890 + 190 7740 

16 
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Table 4 Resonance integrals of radiative capture cross sections 

(barns) 

Authors 

3) Folger et al. 

Halperin et al. 

Gavrilov and Gonchan 

adopted 

6) 
DV 

2 5 0 C f 

ft 
5300 

11600 + 500 

5000 

8300 ± 3300 

2 5 1 C f 

900 

1600 ± 30 

1600 ± 30 

* absorption cross section, and cutoff energy of 0.92 eV 

Table 5 Unresolved resonance parameters 

Quantity 

energy range 

scattering radius 

level spacing 

S0 

Sl 

<r > 
Y 

<rf> 

250cf 

150 eV ^ 30 keV 

9.112 fm 

16 eV 

1.0 * J O - 4 

3.0 x 10~ 4 

36.9 meV 

0.1 meV 

2 5 1 C f 

150 eV ^ 30 keV 

8.842 fm 

6.3 eV 

0.843 x 10~ 4 

4.56 x 1 0 - 4 

43.5 meV 

281 meV (4=0) 

551 meV (£=!) 

17 •-
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Table 6 Q-values and thieshold energies of (n,Xn) reactions 

Reaction Q-value(MeV) E (MeV) 

6.6502 

12.2659 

19.2722 

5.1320 

11.7821 

17.3977 

250 
*) the (n,4n) reaction of Cf was ignored in the present 

evaluation. 

Table 7 Level density parameters of Californium isotopes 

a) Californium-

(n,2n) 

(n,3n) 

(n,4n)* 

b) Californium-

(n,2n) 

(n,3n) 

(n,4n) 

-250 

-251 

-6.6*235 

-12.2166 

-19.1953 

-5.1115 

-11.7350 

-17.3281 

Parameter 

a(MeV-1) 

-1/2 
aM(MeV

 LU) 

4(MeV) 

T(MeV) 

C(MeV~ ) 

E (MeV) 

248Cf 

29.4 

31.25 

1.16 

0.3693 

1.625 

3.954 

249 
4ycf 

29.9 

31.60 

0.77 

0.3693 

5.416 

3.636 

250Cf 

31.2 

32.36 

1.673 

0.4025 

2.093 

5.418 

251Cf 

32.2 

32.97 

0.77 

0.3809 

14.84 

4.204 

252 3 Cf 

31.6 

32.74 

1.635 

0.3927 

1.895 

5.233 

18 
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Tab le 8 O p t i c a l p o t e n t i a l p a r a m e t e r s 

(MeV and fm) 

V- = 43 .4 - 0 .107 E 
0 n 

W = 6 .95 - 0 .339 E + 0 .0531 EZ 

s n n 

V = 7 .0 
so 

r = r = 1 . 2 8 2 
0 so 

r = 1 . 2 9 
s 

a = a = 0 .60 
so 

b = 0 .50 

P o t e n t i a l V( r ) i s g iven as 

V(r) = - V l ( r > - iWsf2(r) - V ^ ) 2 | ^ - | ^ - t ) , 

where 

r—R 
f x ( r ) = ! / [ ! + e x p ( - ^ ) ] , 

r -R r-R 
f , ( r ) = 4 e x p ( - - ^ ) / [ l + e x p ( - — ) ] , 

r-R 
f ( r ) = 1/[1 + e x p C - ^ 2 - ) ] , 

so 

» - r A ' " , 
S 3 

R = r A 1 / 3 . 
so so 

19 
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250 
Table 9 Level scheme of Cf 

No. 

ground 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Energy 
(keV) 

0.0 

42.722 

141.886 

296.25 

871.64 

905.90 

952.07 

1008.6 

1031.85 

1070. 

1071.38 

1123. 

1154.23 

1175.52 

1189.40 

Spin and 
parity 

0 + 

2 + 

4 + 

6 + 

2 -

3 -

4 -

5 -

2 + 

6 -

3 + 

4 + 

0 + 

1 -

2 + 

No. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Energy 
(keV) 

1209.98 

1211. 

1244.51 

1255.47 

1266.65 

1296.64 

1311.07 

1335. 

1377.83 

1385.49 

1396.16 

1411.34 

1426.86 

1457.83 

1478.45 

Spin and 
parity 

2 -

3 -

2 + 

4 -

0 + 

2 + 

5 -

3 -

6 -

(1 +) 

5 -

(1 +) 

3 -

6 -

5 -

The 500-keVvo+) was ignored in the present calculation. Levels above 

1.5 MeV were assumed to be overlapping. 

20 
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Tab le 10 Leve l scheme of 
251 

Cf 

No. 

ground 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Energy 
(keV) 

0.0 

24,825 

47.828 

105.73 

106.304 

146.46 

166.31 

177.69 

211.72 

237.76 

239.34 

258.44 

Spin and 
parity 

1/2 + 

3/2 + 

5/2 + 

7/2 + 

7/2 + 

9/2 + 

9/2 + 

3/2 + 

5/2 + 

11/2 + 

11/2 + 

7/2 + 

No. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Energy 
(keV) 

295.7 

319.29 

325.35 

370.39 

392.0 

424.10 

434.3 

442. 

514. 

544.05 

590.18 

649.2 

Spin and 
parity 

13/2 + 

9/2 + 

13/2 + 

11/2 -

11/2 + 

15/2 + 

9/2 -

13/2 -

11/2 -

5/2 + 

7/2 + 

9/2 + 

Levels above 700 keV were assumed to be overlapping. 

T a b l e 11 Comparison of t h e r m a l c r o s s s e c t i o n s 

and r e s o n a n c e i n t e g r a l s 

(barns) 

2200-m/s values Resonance integrals 

capture fission capture fission 

1) Californium-250 

Present 

ENDF/B-V 

Experiment 

1779 4.09 

1611 0.0 

1730+220 -\. 0 

8420 27.8 

11200 0.012 

8300±3300 

2) Californium-251 

Present 

ENDF/B-V 

Experiment 

2878 4935 1610 2780 

2862 5321 1630 4960 

2850±150 4890±190 1600±30 

* cutoff energy of 0.5 eV. 
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C F - 2 5 0 TOTAL 
10 = 
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250 
Fig. 5 The total cross section of Cf 

Cross sections in the resolved resonance region are averaged in 

suitable energy intervals. 
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Fig. 6 The elastic scattering cross section of Cf 
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Fig. 12 The fission cross section of Cf 
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Fig. 14 The i n e l a s t i c s c a t t e r i n g , (n,2n) and (n,3n) react ion cross 

sect ions or Cr 
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Fig. 15 The cross sections of Cf 
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Fig. 16 The cross sections of Cf 
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