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To provide accurate experimental data of double differential neutron 

emission cross sections at 14.1 MeV which are required for the fusion 

reactor technology, measurements using the neutron TOF spectrometer at 

OKTAVIAN have been carried out in these three years under the Research-

in-Trust of JAERI. This report describes the results in the third year, 

for Ti, Mo and Sn. 

Data were obtained at 15-16 angle-points in the LAB system for each 

element and angle-integrated neutron emission spectra were deduced. Angle 

-differential cross sections were also deduced for elastic and resolved 

discrete inelastic scatterings. Graphs are given for double differential 

neutron emission cross sections. Graphs and tables are given for angle-

integrated neutron emission spectra and angle-differential cross sections. 

Results for Ti and Mo are comparewd with the JENDL-3 data, and 

disagreements in the 7-13 MeV region are pointed out. Results for Sn are 

compared with the ENDL-75 data. 

This report is written by summarizing the study implemented under the 

Research-in-Trust in 1989 fiscal year from the Japan Atomic Energy 

Research Institute. 

+ Department of Reactor Engineering 

* Osaka University 
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1. I n t r o d u c t i o n 

The data base of double differentia) neutron emission cross sections is 

useful to assess theoretical nuclear models currently being used in evaluation 

works of fusion nuclear data, which are required for the nuclear design of 

Tokamak devices iike ITER. Ti and Sn are constituents of super conductors like 

NbTi and NbaSn. Mo is considered to be used as coating material of diverters. 

Double differential neutron emission data at 14.1 MeV for these elements are 

of interest for the estimation of the dispiacement damages and the kerma 

factors. 

Using the high resolution neutron TOF spectrometer at 0KTAV1AN, double 

differential neutron emission cross sections at 14.1 MeV have been measured 

for many elements''^ since i983. Under the support of JAERi, the autors have 

carried out experiments for B-10, B-11, Bi-209, Ca. Mn, Co and W ^ . In the 

present report, resuits are given for Ti, Mo and Sn. 

2 . E x p e r i m e n t a l 

The experimental method is described in detail elsewhere". A brief descri­

ption is given in the following. 

The D-T neutron source faciiity (0KIAV1AN) was operated in pulse mode. The 

pulse width was 1.8 ns at FWHM and the repetition frequency was 1 MHz. The 

neutron TOF spectrometer was set along the 85 degree line to the 0KTAV1AN beam 

line and had 8.3 m long flight path. An NE213 detector of 25 cm diameter and 

10 cm thickness was set inside a heavy shieid at the end of the flight path. 

The double gain n-gamma discrimination circuit was applied to cover a recoil 

proton dynamic range of 0.5 MeV to 15 MeV. 

The scattering sample (Ti, Mo or Sn) was set along the arc, radialiy 

distant by 17 cm from the tritium target. To change the scattering angle, we 

moved the sample along the arc. Variation of incident neutron energy accord­

ing to the change of scattering angle was so small that the source energy was 

regarded as monochromatic (14.1±0.2 MeV). Sampies were made of cylindrical 

metal rods (3 cm in diameter and 7 cm long). 

To obtain absolute values of double differential cross sections, a poiy-

ethyiene sample of 1.5 cm diameter and 5 cm iength was used as a reference 
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scatterer to oeasure etasticaHy scattered neutron peaks by the H(n,n) reac­

tion at 5 angies froo 20 to 50 degree. Absoiute efiiciency of the NE213 detec­

tor was caiibrated using these poiyethytene data and the differentia! H(n,n) 

cross sections of ENDF/B-V. The iow energy part (tess than 7 MeV) of the 

efficiency curve was obtained by the TOF experiment using Cf-252 neutron 

source. Two efficiency curves were normalized in the 5-7 MeV region. 

The Mthod of data processing is described in detaii elsewhere".To make 

corrections for outtipte scatterings and attenuations, the MUSCC3 code^ was 

used by adopting JENDL-3 data" for Ti and Mo, and ENDL-75 data 

for Sn'. 

3 . R e s u t t s 

3.! DDX (doubie differentia) cross section) 

Obtained doubie differentia! neutron emission cross sections for Ti are 

shown in Fig.T-i through Fig.T-15, compared with JENDL-3 data. Data for Mo are 

shown in Fig.M-! through Fig.M-16, compared with JENDL-3 data. Data for Sn are 

shown in Fig.S-1 through Fig.S-i6, compared with ENDL-75 data. 

Numericai data tab!es of these data wii! be pubiished in OKTAVtAN Report. 

3.2 EDX (angle-integrated neutron emission spectrum) 

Measured DDX data at the !aboratory ang!es were converted to those at the 

center-of-mass system, which were integrated over the CMS angie to deduce 

EDX data. EDX data in the LAB system were a!so derived. 

Resutts for Ti are shown in Figs.T-i6 and T-i7, and in Tabie 4. Resuits for 

Mo are shown in Figs.M-i7 and M-i8, and in Tabie 5. Resuits for Sn are shown 

in Figs.S-17 and S-i8, and in Tabie 6. 

3.3 ADX (ang)e-differentiai cross section) 

Nemericai data sre presented fo/ elastic and some resolved anguiar distrib­

utions in Tabie i,2 and 3. Resoived data for Ti are for eiastic scattering 

(Fig.1-18), discrete inelastic scattering within a !eve! bin of 0.16-1.794 MeV 

(Fig.T-19. upper), discrete ine!astic scattering of 2.01-2.793 MeV level 

(Fig.T-19, lower) and discrete inetastic scattering of 3.508-4.16 MeV leve! 
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(Fig.T-20). 

AQX data for Mo are obtained for eiastic scattering (Fig.M-19), 

discrete ineiastic scattering of 1.4-3.4 MeV ievet (Fig.M-20, upper) and 

(n,2n) reaction (Fig.M-20. tower). 

AQX data for Sn are obtained for eiastic scattering (Fig.S-19) and 

discrete ineiastic scattering of 1.3-3.1 MeV ieve! (Fig.S-20). 

4 . D i s c u s s i o n s 

Fro* comparisons of DDX data for li between the present measurements and 

the JENDL-3 data, we can say that disagreements are seen in the 3-15 MeV 

region, in the 1-6 MeV region of Ex (excitation energy), the experiment shows 

structures probabiy due to the direct processes and the JENDL-3 data do not 

reproduce the DDX spectra. Discussions shouid be siniiar to the case of Mo. 

Comparing aii the data of DDX, EDX and ADX for Mo, between the present 

measurement and the JENDL-3 data, we can say the foliowing! 

1) The JENDL-3 evaiuation is good in the secondary energy region iess than 

3 MeV. Almost complete agreements are seen in EDX. 

2) JENDL-3 overestimates differential eiastic scattering cross sections in 

the scattering angte region larger than 40 degree, while good agreements 

are obtained in forward angles less than 40 degree. 

3) Though the evaiuation is made for the discrete inelastic scattering cross 

sections of Ex = 3-4 MeV, JENDL-3 gives several orders of magnitude smaller 

values. 

4) Neutron emission cross sections of JENDL-3 in the 4-13 MeV region are very 

underestimated. Choice of calcuiational parameters for the pre-equiiibrium 

process should be reconsidered, and the use of DWUCK-4 code" for many 

discrete leveis of direct processes is needed. The combinational use of 

EGNASH", DWUCK-4 code and the Kalbach-Mann systematics'° is desired to re­

produce the measured DDX spectra. 

5) Measured angie-differential cross sections of (n,2n) reaction show slight 

forward enhancement. Probably due to this fact, the JENDL-3 data slightly 

overestimate the measured data in the backward angles. 
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No evaluations are given for Sn, in JENDL-3. The presentty measured data 

are compared with the ENDL-75 data, which show overait fairty good agreement 

except the energy region where the measured data show "structures", 

in future evaiuation works for JENQL-upgrade, the combinationai use of DWUCK4, 

EGNASH and the Kaibach-Mann systematics is recop"*^nded. 
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Table 1 Partial differential cross sections for titanium at 14.1 MeV 

d L A B 

( d e g ) 

15 

20 

30 

40 

50 

70 

80 

90 

100 

1 10 

120 

130 

140 

150 

160 

0" T o i a 1 ( b ) 

e l a s t i c 

d c r / d Q e r r o r 
( b / s r ) 

3 . 6 2 E - 3 1 . 1 E - 4 

2 . 1 3 E - 3 6 . 4 E - 5 

9 . 5 7 E - 4 2 . 9 E - 5 

4 . 3 7 E - 4 1 . 3 E - 5 

3 . 8 3 E - 4 1 . 5 E - 5 

3 . 2 8 E - 4 1 . 3 E - 5 

2 . 1 1 E - 4 6 . 3 E - 6 

3 . 6 0 E - 4 1 . 1 E - 5 

1 . 4 4 E - 4 4 . 3 E - 6 

2 . 1 2 E - 4 6 . 4 E - 6 

2 . 1 8 E - 4 6 . 5 E - 6 

1 . 8 5 E - 4 5 . 6 E - 6 

1 . 9 3 E - 4 5 . 8 E - 6 

2 . 3 9 E - 4 7 . 2 E - 6 

4 . 1 2 E - 4 1 . 2 E - 5 

9 . 0 1 E - 1 4 . 5 E - 2 

Q = - 0 . 1 6 1 .8MeV 

d c r / d Q e r r o r 
( b / s r ) 

1 . 8 9 - E 4 4 . 7 E - 5 

1 . 8 3 E - 4 4 . 6 E - 5 

1 . 6 3 E - 4 4 . 1E-5 

1 . 1 0 E - 4 2 . 8 E - 5 

1 . 7 9 E - 4 4 . 5 E - 5 

8 . 2 9 E - 5 2 . 1 E - 4 

1 . 2 6 E - 4 3 . 3 E - 5 

1 . 5 4 E - 4 3 . 9 E - 5 

1 . 1 9 E - 4 3 . 0 E - 5 

1 . 2 3 E - 4 3 . 2 E - 5 

1 . 5 6 E - 4 4 . 4 E - 5 

2 . 8 3 E - 4 8 . 0 E - 5 

7 . 0 9 E - 2 2 . 1 E - 2 

Q = - 2 . 0 2 . lMeV 

d c r / d Q e r r o r 
( b / s r ) 

1 . 4 9 E - 4 4 . 5 E - 5 

1 . 3 9 E - 4 4 . 2 E - 5 

1 . 2 1 E - 4 4 . 2 E - 5 

8 . 0 0 E - 5 2 . 4 E - 5 

1 . 3 8 E - 4 4 . 8 E - 5 

6 . 1 0 E - 5 1 . 8 E - 5 

1 . 1 5 E - 4 4 . 0 E - 5 

1 . 2 6 E - 4 4 . 4 E - 5 

1 . 0 7 E - 4 3 . 7 E - 5 

1 . 1 5 E - 4 4 . O E - 5 

1 . 4 4 E - 4 5 . O E - 5 

3 . 0 0 E - 4 1 . 2 E - 4 

2 . 5 5 E - 2 9 . 7 E - 3 

Q = - 3 . 5 4 .2HeV 

d f f / d Q e r r o r 
( b / s r ) 

7 . 9 9 E - 4 1 . 4 E - 4 

5 . 0 5 E - 4 9 . 1 E - 5 

3 . 0 4 E - 4 5 . 5 E - 5 

2 . 0 0 E - 4 3 . 6 E - 5 

2 . 0 0 E - 4 3 . 6 E - 5 

1 . 8 3 E - 4 3 . 3 E - 5 

1 . 2 0 E - 4 2 . 4 E - 5 

1 . 9 3 E - 4 3 . 5 E - 5 

9 . 0 1 E - 5 1 . 8 E - 5 

1 . 6 5 E - 4 3 . O E - 5 

1 . 8 3 E - 4 3 . 3 E - 5 

1 . 6 2 E - 4 2 . 9 E - 5 

1 . 7 4 E - 4 3 . 1E-5 

2 . 3 4 E - 4 5 . 6 E - 5 

4 . 7 2 E - 4 1 . 1 E - 4 

7 . 2 2 E - 2 1 . 8 E - 2 



Table 2 Partial differential cross sections for molybdenum at 14.1 MeV 

9 L A B 

( d e g ) 

15 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

O- T o « . 1 ( b ) 

e l a s t i c 

d f f / d Q e r r o r 
( b / s r ) 

3 . 9 5 E + 0 1 . 2 E - 1 

1 . 7 4 E + 0 5 . 2 E - 2 

4 . 5 9 E - I 1 . 4 E - 2 

2 . 2 0 E - 2 6 . 6 E - 3 

3 . 1 5 E - 2 9 . 5 E - 4 

3 . 0 3 E - 2 9 . 1 E - 4 

3 . 0 4 E - 2 1 . 2 E - 3 

1 . 2 6 E - 2 3 . 8 E - 4 

7 . 9 8 E - 3 2 . 4 E - 4 

1 . 3 3 E - 2 4 . O E - 4 

1 . 4 9 E - 2 4 . 5 E - 4 

6 . 9 2 E - 3 2 . 1 E - 4 

7 . 9 0 E - 3 2 . 4 E - 4 

7 . 9 0 E - 3 2 . 4 E - 4 

7 . 6 4 E - 3 3 . 1 E - 4 

1 . 4 7 E - 2 5 . 9 E - 4 

2 . 5 1 E + 0 2 . 5 E - 1 

Q = - 1 . 4 3 . 4 H e V 

d c r / d Q e r r o r 
( b / s r ) 

9 . 8 4 E - 3 3 . 0 E - 3 

9 . 6 1 E - 3 2 . 4 E - 3 

9 . 0 7 E - 3 1 . 8 E - 3 

7 . 6 4 E - 3 1 . 5 E - 3 

6 . 0 0 E - 3 1 . 2 E - 3 

5 . 3 1 E - 3 1 . 1 E - 3 

4 . 9 5 E - 3 9 . 9 E - 4 

3 . 8 8 E - 3 7 . 8 E - 4 

3 . 5 6 E - 3 8 . 9 E - 4 

4 . 1 5 E - 3 8 . 3 E - 4 

3 . 6 0 E - 3 1 . 1 E - 3 

4 . 5 4 E - 3 1 . 4 E - 3 

4 . 4 5 E - 3 1 . 3 E - 3 

8 . 0 0 E - 2 1 . 6 E - 2 

( n , 2n ) 

d c r / d Q e r r o r 
( b / s r ) 

1 . 9 5 E - 1 1 . 2 E - 2 

1 . 7 8 E - 1 1 . 1 E - 2 

1 . 8 5 E - 1 1 . 1 E - 2 

1 . 8 2 E - 1 1 . 1 E - 2 

1 . 6 8 E - 1 1 . O E - 2 

1 . 7 9 E - 1 1 . 1 E - 2 

1 . 5 5 E - 1 1 . 2 E - 2 

1 . 5 8 E - 1 9 . 5 E - 3 

1 . 4 9 E - 1 9 . 0 E - 3 

1 . 5 2 E - 1 9 . 1 E - 3 

1 . 3 9 E - 1 8 . 4 E - 3 

1 . 3 3 E - 1 8 . 0 E - 3 

1 . 3 8 E - 1 8 . 3 E - 3 

1 . 6 3 E - 1 9 . 8 E - 3 

1 . 4 7 E - 1 1 . O E - 2 

1 . 4 7 E - 1 1 . O E - 2 

1 . 9 5 E + 0 1 . 4 E - 1 



Table 3 Partial differential cross sections for tin at En=14.1 MeV 

9 LAB 

(deg) 

15 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

a TOt•i(b) 

e1 ast ic 

d a /d Q error 
(b/sr) 

3.37E+0 1.0E-1 

1.68E+0 5.0E-2 

3.44E-1 1.0E-2 

6.20E-2 1.9E-3 

8.01E-2 2.4E-3 

3.63E-2 1.1E-3 

1.93E-2 5.8E-4 

1.37E-2 4.1E-4 

1.36E-2 6.8E-4 

1.71E-2 5.1E-4 

1.05E-2 3.2E-4 

5.19E-3 1.6E-4 

5.43E-3 1.6E-4 

9.84E-3 3.0E-4 

7.96E-3 2.4E-4 

8.11E-3 2.4E-4 

1 

Q =-t.4~-3.4MeV 

d o" /d Q error 
(b/sr) 

1.22E-2 2.4E-3 

9.63E-3 1.9E-3 

8.56E-3 1.7E-3 

5.71E-3 1.1E-3 

5.98E-3 1.2E-3 

4.88E-3 9.8E-4 

4.55E-3 9.1E-4 

3.54E-3 7.1E-4 

2.94E-3 5.9E-4 

2.55E-3 5.1E-4 

3.00E-3 6.0E-4 

2.19E-3 5.5E-4 

2.21E-3 6.6E-4 

4.04E-3 1.2E-3 

6.73E-2 1.7E-2 



P i m m 2 P i o m S P J O P J w o o o i n 
z z z m i > - z P 1 2 0 2 tu o — c 
O D D < 3 C H O < S O 2> XCOCO 
[Xlt/>D • " — —«—— — — — — — —.—— — — — — _ — _ — — — — > . >.<-) — 3 D rt 5C m 
Z C > ' - - — — — to to 10 r o w to to cocoes** ' . * k 4 * ^ c n u i w O T t J i o « o o © ^ ^ - j - ) - * J O o o o o o o D O O i o t o c c c o t o o o o o o — — — — — roNroi\3tocococococo^£»£>.£>. x O * * o ~ «H m z 
t—)Q3«—J • 3C - ZCD •"• 2 «H 
j o p j » o r o . ^ o c ) Q O M * k O O o o M * ^ c > c » o i ^ ^ c T > o o o r o 1 ^ o o 3 0 M * . O Q o o M * * c ^ O D © r o . ^ 3:*— o H so 
- < z o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o z - < 
-H © O O O O O O O O O O O O © O O O O O © O O O O O O O O O O O O O O O O O O O O O O O O O O O O Q O O O O O O O O O O O O © O O O O O O O Z © 1-3 
70 O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o Ql 
•< o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

arm — - - — O O H 
P I i z t o Z > > * 
< 5 C IO H H O 

© — — — — — t o rotoro rococo cococo>u.th 4 *^ . 4*. u i c n c n c n c n o e i O i o o - - i - « ) * - 1 * « j ^ t s o o o o o o o o t o a o o c D O O O O O ' - — - — — rorororo to to coco coco «>.£>£* z x ~ H — D o * * 
' P ] > M f l O O > © 

o o o t o ^ o o o © r o . p * o o o © r o , ^ o o o © t o ^ o o o © t o ^ © O D © r o * o o o © r o . u o o o © r o ^ © o o © r o * w © o o © r ^ j x r a c s H to 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O H H H > en ! > 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O p j — > > o 3 

0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Z Z a - - O J O - -
U G S W O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O men — a > H ~ > Z Z P 7 t \ a t o 

C O D m ( / ) z m r a H 
» O D O O W 

0 0 r o o e n r f w * » . © o - o — A c o o t o o o o c n c o — o o * c » . w c < ? O o - ^ O o c T M C 5 t o i n c j o c i * ^ ^ - o c n — c n - J O * - - f c — * - C I I O C J I O > M O 5 0 — *«.cn*-CK7>—fo-e-co — c o o — t o 
p j p i p j P i t o m r o p j r o r o n i r n P i P i i T i P i r o p i p i P i T O p i p i P i p j t ^ r o m jo D - H 

CD 

OQ 

fl» 

< ; T J - — soscsa 3 
©wi*» .ODi&.o- icnN<ooo0»**coro—— ©. tkOo©*-oo ' fc -©Gi to©- - icn . fc . .u—ooo*>-—coootoo©—to*»oororoGi©co— ^ « > t r o o u - t f i ' - o o o o o o A r t i - D O O r n to r r 
t o t o o t o — ' C i * k © * - O © o ^ ( 0 0o0oco — — * > . o — o o r o r o o t o —©cnoocn —cn-o—to—ooco- jcn — t n c o c i # « o o c o f o o o o o — - * i — J - O © O O - J M C O — o o t o c o a > c > c r a i 3 ; - m a r s o m 
P i P i P i P i w p j p i P i P i r o p i t ^ r o r i i r o r o P i f f l P i P i f f l P i n t n p j p i P i P i P i P i P i r o r o » o - o o no 
l l l i l l I l l l l I l l l t l l l l l i i I i ! • i I i l l l l i i l l l i r i i l i i l l l 1 l i i i i i i i [ i i i | i + t i i i y i p j n W — ro yJI 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O Cl l/5>— 0 ^ < 
- r o r o r o r o r o r o r o r j r o t o f o r o r o r o r s a t o t o r o r o r o M f ^ r o r o r o t o M r o r o r o t o M t o M t o t o r o r o M r o — — — — - - ^ - o - — • — — w to tn SCsCPioo— ^ ?* 

COD Ull/1 5C Z £T R I 
^••>- - < m m o - ro JJ 
= £ - * t o n o o o - S3 

e j * » . M M — — — — — — — — — —.—•— —• — — — to to o to to to to <o to to u> to o oo oo oooooo oooo oo oooo oo oooo oo oooo oo oooo ooto u> to — — — — — - - r o r o r o r o r o w ^ n a * -40 H X •—« 
< 1 P I Z m 3 1 

c ^ ^ ^ ^ - 0 3 ^ 0 ! l t n * 0 3 « M - - ^ - o o o o w ^ » o A W M - o O O O O O o o o ^ m © A y l ^ W l ^ « ^ c n ^ ^ ^ ^ c M w o o o u o o o - ^ 3 W O T r o M pj SCO O O m ™ 

I 1 I I 1 I I I I I I 1 I I I I I I 1 l I I I 1 > I 1 I 1 I I I I t I I I I I I I I 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 I i 1 1 1 1 1 1 1 - < 0 > f_T e n 
' J » l *—I ^fc. * " i # ^ # - S ^ k *"^ J»"l ^ ^ ^ ^ ^ ^ ^ ^ . • » ! ^ ^ * " * «'*1 * ~ 1 # " • »~» f \ I - * * ^ « ~ \ i 1 ^ ^ ^ ^ ^ * ^ * ^ 1~* S*l y*» * ~ t **•» / " > <"^ / ^ * " » <"•* * ^ » I * * f ~ l i * 1 J " \ *—t i ^ ^ / ^ 1 " ^ «~^ <"S I ^ . J ~ l *"«1 •—» J " ^ J—« *—I *-S .<•» J—l I™» * " l J - V *—> i»«l ^ ^ ^ ^ ^ ^ ^ > l « J H ^ ^ 

C 
^ JJ 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O >; •> —, 
COU W C O C O C O C ^ U 0 9 t o W W U C O U U U a 3 0 3 U ^ - & X k > ^ ^ ^ ' ^ ^ 4 ^ > & ^ ^ Z • 0 

COD m o 3 
"^-> c: > ~ 
S H -H H Z m 

<: O r 5, 
-> ju to -JCd0^ ic i roooo-^v i i t> -coro — ocoro«>oo— — I W O O C J I — ( o - j o t n r o t o o w - co -^oocoto* -cnooN>-v» -qOwrooi - i *400 -«Ju iwc*5 -o j» .ocoo—toomco Z * P i 1 / 
O O f o ^ ^ t * 3 W w o o o o - - < ^ — < f l - ^ ^ ^ C i o o c n ^ co ̂ c n o 03 w c o w o ^ 00 O D O O O W J ^ 00 t o o en 0 0 — *T] J° 
r ^ r n n n i t ^ t n r n r a r t i W f n w w t n p i r o m p i r i j p j P i r o r n n i w r n w r T i t i i w i/i H * - ) ™ 
1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 t 1 < 1 1 1 1 1 1 1 1 1 t i 1 1 1 1 1 + + 1 1 1 1 *o r: H * 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 rn s O 
« M - W — — — — — — — — — — ^ - ^ - — — ^^9^o^7rorororo^olu^^^}ro^J^3M{o^3^o^oro(o^9(orororoIo^a^o^oro^^r4^^^JI4^aIo^^^^ — — •-- — » - o o — — — •'o o 3 ^ 3 

W D H C Z » t / ) D co 
3 C M a n 

OCOfOro — — — — — — — — « . — — — *_ — — — — — o tO CO CO CO tO CO CO CO tOCO CO 00 00 00 COCO 00 OO CO CO COCO to tO U> CO COO tO tO — — — — — — — — t O M G 3 M I O W ^ f l J > 3 CllO 
< 1 w — 

o t o o o o o - J o t n ^ - i C k W N i ^ r o — — — « — o o o o o c o o o - o c n * . c o * . * . c o t a M — tooo-icn*k^.tk. totocorf*- -o-«j^ — o w m - ^ o o - D O * . U I O C O * . C D O C » W - J - 4 P I D n 

^01h3*JIOO*.*^CO*—CnOOW — 00O1 CO O 0 0 O W i f r - M W O O U l ) l M U C > - M O - - O O O l ( 0 - W * O O C n « A ' - M Q ^ ^ 0 0 O ^ W C ) O O 0 1 ( » f l > c e 0 > 0 ) O W * l PU Of t l ^ 
rnwpjPiwwpiPiPirtfflnir^PjrflrnpipipjpiPiPiPJwt^tnPiPiPiPirnpirntiirop^ so o * **t 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I L I I I I I I I I I I I I I I I L I I I I 1 I I I I I I I I I 1 I I 1 L L I I 1 I O 03 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 PJ 
UCOCOUCOW<OWCOCOCOWCOUCdcOCOCOWCOWtoC^^<^<^^i^4^ H-

O O C O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
r o M M M M M W t o M t o M W ^ W W r o W M M M t o t o W f O M M f O t o M M W M M f O M M f O M M M 
w c n c n w t n u i c j i a i c n c f l c n y i w c n t n w o i c n c n t n u i w u i w w 
CO O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
tO O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
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Table 5 Angle-integrated neutron emission spectra for Mo 

SUBENTRY 
BIB 
COMMENT 

REACTION 

ENDB1B 
COMMON 
EN 
MEV 

14.10000 
ENDCOMMON 
DATA 
E-MAX 1 
MEV 1 

14.80000 
14.60000 
14.40000 
14.20000 
14.00000 
13.80000 
13-60000 
13.40000 
13.20000 
13.00000 
12.80000 
12.60000 
12.40000 
12.20000 
12.00000 
11 80000 
11 60000 
11.40000 
1 1 20000 
11 00000 
10.80000 
10.60000 
10.40000 
10.20000 
10.00000 
9.80000 
9.60000 
9.40000 
9.20000 
9.00000 
8.80000 
8.60000 
8.40000 
8.20000 
8.00000 
7.80000 
7.60000 
7.40000 
7.20000 
7.00000 
6.80000 
6.60000 
6.40000 
6.20000 
6.00000 
5.80000 
5.60000 
5.40000 
5.20000 
5.00000 
4.80000 
4.60000 
4-40000 
4.20000 
4.00000 
3.80000 
3.60000 
3.40000 
3.20000 
3.00000 
2.80000 
2.60000 
2.40000 
2.20000 
2.00000 
1 .80000 
1 60000 
1.40000 

ENDDATA 
ENDSUBENTRY 
ENDENTRY 

00024003 
2 

900201 
8 

TWO DATA SETS ARE GIVEN. 
DATA OBTAINED FROM RAW DDX DATA . 
DATA OBTAINED FROM CORRECTED DDX 1 
IN RICHT HAND SIDE. 

00024003 
00024003 
00024003 

IN LEFT HAND SIDE. 00024003 
DATA WITH MUSCC3 CODE 00024003 

00024003 
(42-MO-0(N,SCT).,,DE) SECONDARY NEUTRON SPECTRUM 00024003 
IN THE CENTER-OF-MASS SYSTEM 

8 
1 

5 
6 

E-MIN D 
MEV B 

14.60000 
14.40000 
14.20000 
14.00000 
13.80000 
13.60000 
13.40000 
13.20000 
13.00000 
12.80000 
12.60000 
12.40000 
12.20000 
12.00000 
11 80000 
1 1 .60000 
1 1.40000 
11.20000 
11.00000 
10.80000 
10.60000 
10.40000 
10.20000 
10.00000 
9.80000 
9.60000 
9.40000 
9.20000 
9.00000 
8.80000 
8.60000 
8.40000 
8.20000 
8.00000 
7.80000 
7.60000 
7.40000 
7.20000 
7.00000 
6.80000 
6.60000 
6.40000 
6.20000 
6.00000 
5.80000 
5.60000 
5.40000 
5.20000 
5.00000 
4.80000 
4.60000 
4.40000 
4.20000 
4.00000 
3.80000 
3.60000 
3.40000 
3.20000 
3.00000 
2.80000 
2.60000 
2.40000 
2.20000 
2.00000 
1 80000 
1 .60000 
1 .40000 
1 20000 

72 
87 
3 

5 

68 
ATA D 
/MEV B 

5.62E-02 
3. 17E-01 
7.94E-01 
1.85E+00 
2.52E+00 
2.IIE+00 
1.18E+00 
5.23E-01 
2.51E-01 
I.56E-01 
1.06E-01 
7.68E-02 
6.34E-02 
5.89E-02 
6.32E-02 
6.40E-02 
596E-02 
5.41E-02 
503E-02 
441E-02 
3.70E-02 
3.02E-02 
2.87E-02 
2.94E-02 
2.91E-02 
2.78E-02 
2.81E-02 
2.77E-02 
2.76E-02 
285E-02 
2.74E-02 
2.81E-02 
2.81E-02 
3.12E-02 
3.07E-02 
298E-02 
332E-02 
3.53E-02 
3.65E-02 
3.70E-02 
393E-02 
4.25E-02 
447E-02 
4.58E-02 
4.84E-02 
494E-02 
522E-02 
5.83E-02 
6.28E-02 
685E-02 
7.61E-02 
833E-02 
944E-02 
1 04E-01 
1.16E-01 
1-28E-01 
1 45E-01 
1 67E-01 
1 95E-01 
222E-01 
2.60E-01 
309E-01 
3.64E-01 
4.21E-01 
4.83E-01 
5.60E-01 
699E-01 
7.26E-01 

ATA-ERR DATA E 
/MEV B/MEV B 

303E-03 
4.1SE-03 
260E-03 
3.30E-03 
356E-03 
3. i 5B-03 
237E-03 
1 .76E-03 
1 42E-03 
1 24E-03 
1.I2E-03 
1.04E-03 
1-00E-03 
983E-04 
9.76E-04 
9.64E-04 
9.37E-04 
8.99E-04 
8.71E-04 
839E-04 
8.15E-04 
7.94E-04 
7.86E-04 
7.82E-04 
7.94E-04 
7.84E-04 
7.86E-04 
7.91E-04 
7.95E-04 
8.03E-04 
8.12E-04 
8.17E-04 
830E-04 
8.46E-04 
8.50E-04 
856E-04 
8.65E-04 
865E-04 
866E-04 
8.65E-04 
868E-04 
8.64E-04 
8.67E-04 
8.72E-04 
8.76E-04 
887E-04 
894E-04 
9.03E-04 
904E-04 
9.19E-04 
9.31E-04 
9.44E-04 
9.63E-04 
9.84E-04 
9.99E-04 
1.03E-03 
1.05E-03 
1.10E-03 
1.15E-03 
1 21E-03 
1-30E-03 
1.45E-03 
1-53E-03 
1.67E-03 
1.88E-03 
2.33E-03 
364E-03 
686E-03 

5.60E-02 
3.56E-0! 
103E*00 
2.40E+00 
3.26E+00 
270E+00 
1 50E+00 
6.47E-01 
304E-01 
1 88E-01 
1 30E-01 
9.56E-02 
7.84E-02 
7.I4E-02 
7.45E-02 
746E-02 
697E-02 
635E-02 
5.99E-02 
526E-02 
446E-02 
365E-02 
3.47E-02 
359E-02 
3.55E-02 
3.36E-02 
3.32E-02 
2.42E-02 
2.23E-02 
2.44E-02 
2.45E-02 
2.53E-02 
260E-02 
2.93E-02 
2.96E-02 
293E-02 
3.29E-02 
3.47E-02 
370E-02 
3.77E-02 
402E-02 
4.3IE-02 
459E-02 
4.76E-02 
5.I1E-02 
5.26E-02 
5.63E-02 
633E-02 
683E-02 
7.50E-02 
8.39E-02 
9.31E-02 
1.06E-01 
I.18E-01 
1.32E-01 
1.47E-01 
I 67E-0I 
1.93E-01 
2.25E-01 
257E-01 
2.99E-01 
3.54E-01 
4.I8E-01 
4.85E-01 
5.56E-0I 
643E-01 
800E-0I 
830E-01 

00024003 
00024003 
00024003 
00024003 
00024003 
00024003 
00024003 
00024003 

•ATA-ERR 00024003 
l/MEV 00024003 

3.52E-0300024003 
4.85E-0300024003 
3.05E-O300024003 
397E-0300024003 
4.35E-0300024003 
3.8IE-0300024003 
2.79E-0300024003 
1.98E-0300024003 
I.55E-0300024003 
1.38E-0300024003 
1 27E-0300024003 
1.19E-0300024003 
1.16E-0300024003 
1.13E-0300024003 
1.11E-0300024003 
1.11E-0300024003 
1.08E-0300024003 
1-05E-0300024003 
1 03E-0300024003 
9.97E-0400024003 
9.72E-0400024003 
9.50E-0400024003 
9.41E-0400024003 
9.42E-0400024003 
9.55E-0400024003 
942E-0400024003 
9.25E-0400024003 
7.69E-0400024003 
764E-0400024003 
7.78E-0400024003 
7.95E-0400024003 
8.05E-0400024003 
8.30E-0400024003 
8.53E-0400024003 
8-64E-0400024003 
8.73E-0400024003 
8.83E-0400024003 
887E-0400024003 
8.87E-0400024003 
8.90E-04O0024003 
9.01E-0400024003 
9.03E-0400024003 
9.07E-0400024003 
9.23E-0400024003 
9.32E-0400024003 
9.52E-0400024003 
964E-0400024003 
9.78E-0400024003 
9.85E-0400024003 
I.01E-0300024003 
1.03E-0300024003 
1.05E-0300024003 
1.08E-0300024003 
1.11E-0300024003 
1.I4E-0300024003 
1.18E-0300024003 
1-21E-0300024003 
127E-0300024003 
1.33E-0300024003 
1.4IE-0300024003 
1.5IE-0300024003 
1.68E-0300024003 
1-77E-030O024003 
1.93E-0300024003 
2.I8E-0300024003 
269E-0300024003 
4.20E-0300024003 
7.9IE-0300024003 

00024003 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

0002400399999 
0002499999999 
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