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Very l a rge d i sc repanc ies exist for Pu between the avai lable 
fission in tegra l s fry, (E)dE and resonance integrals i crf (E) -•&-- . 

Differential data r e t r i eved from the CCDN-files were in tegrated by 
C-CDN in a few selected energy regions, showing differences up to a 
factor of 2 for the fission in tegra l s . The need for highly re l iab le va 
lues is evident. These fission integrals a r e often used to noi 'maliae 
fission c r o s s - s e c t i o n curves that do not go down to t he rma l energy. 
In o rde r to improve this situation, the -Pu fission c r o s s - s e c t i o n 
was m e a s u r e d from 0, 010 eV up to about 40 eV, allowing a d i rec t 
normal iza t ion at the the rma l value ç? - 741. 6 barn, r ecommended 
by the IAEA (1) . This m e a s u r e m e n t is briefly repor ted h e r e , and 
a compar i son is made between the r e su l t s of the p resen t work and 
the other in tegra l s avai lable . The re su l t s should be cons idered as 
p re l imina ry , since some final checks have still to be pe r fo rmed . 

MEASUREMENTS 

a) Appara tus 

The m e a s u r e m e n t s were performed at a short (8 m) fl ight-path 
of the CBNM Linac by a joint CBNM-SCK/CEN group. The e x p e r i 
menta l se t -up has a l ready been descr ibed (2) (3). In the cen t re of 
the cyl indrical detection chamber a back-to-back l aye r of i B and 
2;>9pu -vvas mounted, viewed on each side by a la rge Au-Si surface 
b a r r i e r de tec tor placed outside the neutron beam. 
The detec tor s ignals a r e amplified by charge-sens i t ive p r e a m p l i 
f i e r s and DD2-ampii f iers and sent into fast timing single channel 
a n a l y s e r s . The signals originating from the *^B(n,Gr)- and the 
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Pu(n, f i s s ion) - reac t ions a re fed into the two halves of a 4096-

channel t ime-of-f l ight analyser with "accordéon" sys tem, so that 
both spec t r a a r e r eco rded simultaneously from the same locat ion 
in the neutron beam. These data a re t r ans fe r r ed from the ana lyse r 
m e m o r y , via a r ead-ou t unit, to a magnet ic tape for s to rage . 
The data handling is performed af terwards with an IBM 1800 c o m 
pu te r . 

b) Measu remen t s 

Two s e r i e s of m e a s u r e m e n t s of 0 . were performed. Table I 
gives per t inent data concerning neutron energy reg ions , l inac p a r a 
m e t e r s and neutron f i l t e rs used. Ser ies I (low resolut ion) included 
the t he rma l energy region and se r i e s II (higher resolut ion) extended 
the m e a s u r e m e n t s up to about 40 eV. 
Each s e r i e s consis ted of several measur ing runs a l t e rna ted with 
background runs so a s to detect eventual changes in background 
during the m e a s u r e m e n t . In the measur ing runs the B(n,Qi ) ' L i 
counts (TSCA set to r e g i s t e r only the a -pa r t i c l e s ) and the " ° P u 
f iss ion events (TSCA set to eliminate the natural or-part icles and 
the i r p i l e -up pulses) were simultaneously recorded . 
F o r each background run the appropr ia te additional f i l t e rs w e r e 
put into the beam and again fission and * B(n,a)-counts w e r e 
r e g i s t e r e d . 

The B-deposi t is an elemental boron layer p r e p a r e d by 
evaporat ion in vacuum. I ts thickness is 103 /ug/cm2, its isotopic 
enr ichment 92% and i ts d iameter 80 m m . The " P u - l a y e r was 
p r e p a r e d by the e lec t rospraying of plutonium -aceta te on a thin 
a luminium pla te . The thickness of the layer is 120 /ug/cm over 
a d i ame te r of 60 m m . The isotopiç composition is 99. 956 +_ 0. 010 
a tom % 2 3 9 P u ; 0. 044 + 0. 010 % 2 4 0 P u , < 0. 005% 2 3 8 P u and 
< 0 .005% 2 4 1 P u . 

c) T rea tmen t of the data and r e s u l t s 

To normal i ze the background runs to the same neutron fluence 
of the measu r ing runs a Pd-f i l ter was used throughout s e r i e s I and 
a Cd-fi l ter in s e r i e s II. Background produced by spontaneous f i s s ion 
of 2 4 0 p u yl&s been checked with the Linac off and was found to be 
complete ly negligible in comparison with the induced fission r a t e 
in 239Pu. The determinat ion of the background shape, the co r r ec t i ons 
and the calculat ions a r e s imi la r as for " - h j (4). The re la t ive 0 . - cu rve 
i s obtained with r e spec t to a l /v-behaviour of the 1 0 B ( n , a ) - c r o s s -
sect ion. The a , - c u r v e s a r e normalized to the the rmal value CT° = 
741. 6 ¿ 3. 1 ba rn recommended by the IAEA (l) . F i g u r e s la and lb 
show the normal ized f iss ion c ros s - sec t ions from 0. 010 eV to 25 eV. 
The quality of the p resen t low-energy fission c r o s s - s e c t i o n curve 
obtained at the Linac is i l lustrated by the value of the Westcot t 
g- fac tor ca lcula ted* from it: 

g = 1. 057 +_ 0. 002 (pre l iminary value). 

P r o g r a m wr i t ten by L. Schotsmans and W. Becker 
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This value is in excellent agreement with the IAEA recommended 
value g = 1. 0548 + 0. 0030 (l). 

From the a,-curves of this measurement a few fission integrals 
Ç 2 Çùi dE 
/ CT (E)dE and resonance integrals / 0-, (E) - ^ were calculated 

**, i J¿ ' l -t. 
(Tables II and III). 

' Some of these fission integrals may be very useful for further 
normalization of ^'Pu fission cross -sections. We propose e. g. 
the fission integral from 9. 0 to 12. 6 eV from this experiment with 
a value of 498 + 5 barn. eV. 

DISCUSSION 

A comparison between the present fission integrals and previous 
results obtained with other normalization procedxires and/or with 
other detection techniques are summarized in Table II. The integrals 
of Blons (5), Bollinger (6), Ryabov (7) and Ignatiev (8) were obtained 
by integration of differential data retrieved from the CCDN files. 

The results of the present work are in very good agreement with 
those of Gwin (9) (maximum deviation 2%), which were also directly 
normalized to af = 741. 6 barn. 
The differences with the results of Blons are maximum 3% and with 
those of Bollinger 4%. 
The values of Ryabov and Ignatiev (crf deduced from a and r\ ) are 
systematically lower than all the other data. 

In Table III the resonance integrals of this work are compared 
with those of Gwin et al. . Here also the agreement is within 2%, 
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TABLE I: Exper imenta l conditions 

ENERGY REGION 

I 0. 0065 - 42 eV 

useful region: 

0. 01 - 10 eV 

II 0. 14 - 48 eV 

useful region: 

1 - 40 eV 

LINAC PARAMETERS 

2 /us, 100 Hz 

E . = 45 MeV, i = 80 /uA el av / 
P = 3. 60 kW 

50 ns, 400 Hz 

E , = 6 0 MeV, i = 50 /uA 
el av / 

P = 3 kW 

NEUTRON FILTERS 

Common fi l ter 

Pd 

a lso run with Cd 

Cd 

Background f i l te rs 

Rh, Ta, W 

Rh, Ta, W 

TABLE II: 2 3 9 P u f i s s i o n in tegra ls J CT (E) dE (barn. eV) 
E l 

ENERGY 
INTERVAL 

(eV) 

6 .0 - 9 .0 

9 .0 - 12.6 

12. 6 - 2 0 . 0 

20. 0 - 2 4 . 7 
_ _ _ _ _ _ _ _ _ _ 

PRESENT 
WORK 

(prel iminary) 

179. 1 

498. 1 

537. 1 

221.0 

GWIN 
(9) 

181.0 

496 

547 

225 

4 9 8 

546 

221 

BLONS 
(5) 

181. 6 

509. 6 

554. 8 

- 222.0 

BOLLINGER 
(6) 

173.0 

516.9 

538.4 

221 .4 

RYABOV 
(?) 

107. 0 

348.3 

479. 5 

191.8 

IGNATIEV 
(8) 

159.0 

412.9 

443.2 

177.4 
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TABLE III: Pu resonance i n t e g r a l s j a f (E) -~~ (bai-n) 

ENERGY INTERVAL 
(eV) 

• 6. 0 - 9. 0 

9. 0 - 12. 6 

12. 6 - 20. 0 

20. 0 - 24. 7 

PRESENT WORK 
(pre l iminary) 

23 . 1 

44. 6 

34. 7 

9 . 9 

GWIN'et a l . 
(9) 

23. 3 

44. 4 44. 8 

35 .3 35 .3 

10.1 9 .9 
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F i g . 1a F iss ion c j o s s - s e c î t o n for co~Pu f r o m 0.01 to 0.S eV as measured at the LINAC. 
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Figuro 1b. " T u fission cross-section from í to 25.ey 


