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Analysis of 235U and 239,241Pu delayed 
electron and gamma spectra measured 
by J.K. Dickens et al.
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ORNL delayed gamma and electron data

o A couple of NNDC 
library  bookshelves 
collapsed in May 
2020.

o Among them we 
found three very 
valuable reports with 
delayed electron and 
gamma spectrum 
following the thermal 
fission of 235U and 
239,241Pu.

Only one report  available online, which can’t be searched by content.
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We knew of this data because it is the only decay heat measurement at times shorter than 20 seconds, 
and that for larger times agree quite well with the Yayoi measurements. 

Reconsideration of the Theoretical Supplementation of Decay Data in Fission Product
Decay Heat Summation Calculations
N. Hagura, T. Yoshida, T. Tachibana, Journal of Nuclear Science and Technology, 43:5, 497 (2012)
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Reconsideration of the Theoretical Supplementation of Decay Data in Fission Product
Decay Heat Summation Calculations
N. Hagura, T. Yoshida, T. Tachibana, Journal of Nuclear Science and Technology, 43:5, 497 (2012)
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We later learned that the 
antineutrino spectrum 

derived by Dickens from 
this data, published in 

1981, agrees quite well 
with that from Huber 
published in 2011!

J. K. Dickens, Phys. Rev. Lett. 46, 1061 (1981).

Pioneer 235U 
antineutrino 

spectrum



ORNL irradiations

Nucleus Irradiation 
time

Delay 
time

Counting 
time

Number of 
measurements

235U 1 s 1.7 s 110 s 14
239Pu 1 s 1.7 s 130 s 15
241Pu 1 s 1.7 s 130 s 15

235U 10 s 10.7 s 795 s 14
239Pu 5 s 17.7 s 1,198 s 15
241Pu 5 s 17.7 s 1,198 s 15

235U 100 s 69.7 13,500 s 15
239Pu 100 s 250 s 13,950 s 13
241Pu 50 s 195 s 13,975 s 14
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ORNL delayed 
gamma and 

electron data

We scanned and 
digitized 260 tables in 

them.

The three reports were 
also converted to PDF 

with a high-quality 
scanner.
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Delayed Electrons
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Delayed electron data – short 235U irradiation

 We can clearly see that 
the 92Rb and 96Y 
contributions are clearly 
too large.

 Since their decay data 
are well known, we can 
adjust their 
independent fission 
yield to match the data.
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Delayed electron data – medium  235U irradiation

 Similarly, for 140Cs and 
90Rb.
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Delayed electron data – long 235U irradiation

 Similarly, for 101Tc and 
94Y.
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Short 235U irradiation – adjusted yields
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Medium 235U irradiation – adjusted yields
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Long 235U irradiation – adjusted yields
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235U(n thermal, fission) short irradiation
Dickens et al.

94Sr

87Br
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235U(n thermal, fission) medium irradiation
Dickens et al.

Dip!
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235U(n thermal, fission) long irradiation
Dickens et al.

138Xe

134I

For the 100-second irradiation and 3 
hours counting time, the gamma 
spectrum can be accounted well by 
summation calculations.

We need summing-free singles gamma 
spectra to account for shorter irradiations 
and counting times.  

Need communicated to the main 
experimental groups and presented at 
the recent DNP meeting.



Conclusions

We are trying to understand the reduction in Independent Fission Yields for about 10 
isotopes, which consistently appear in the three fissioning systems.   Working with Andrea 
Mattera to check if there are measurements for these yields or are based on P(Z/A) x Y(A).

 Adjustment to delayed electron activity is clearly a powerful tool to obtain independent fission 
yields for short-lived fission products, not surprisingly since highly precise delayed neutron 
activities have been used with that purpose in the past.

 Our capability to predict delayed gamma spectra at short times after fission, less than several 
hundred seconds, can be improved.

We need gamma spectra for short-lived fission products using high-efficiency detector setups.   
Communicated this need with the leading TAGS experimental groups.   Perhaps data from 
segmented detectors could be re-analyzed with this purpose.

 A couple of reports will be written soon detailing this work.
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Grateful to the Zharia Harris, Becket Hill, Bryan Palaguachi and Matthew Seeley, as well to 
Catherine Dunn, who contributed greatly to this project!
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