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A few words on antineutrino spectrum
calculations

Two main categories 
• Models constrained by Schreckenbach et al. data

(measurements of the conglomerate beta spectrum at ILL
and converted into antineutrino spectrum using different
assumptions)

Schreckenbach et al. works

Huber model (conversion)

Mueller model (summation-conversion)

• Summation calculations that require again a large amount of
nuclear data (high quality beta decay data, fission yields,
shape corrections)



Neutrino and decay heat summation
calculations

Beta decay (β-) Spectrum for each transition
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What can go wrong? Pandemonium effect
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Effect of Pandemonium on summation
calculations (decay heat example)
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Real situation Pandemonium situation

As a result of the Pandemonium, betas are estimated with higher energies from 
databases. Their spectra is harder. Incomplete level schemes can affect the 

antineutrino calculations as well.
The gamma mean energies are reduced since you detect less gammas.

This is why you should avoid using data suspicious of suffering from Pandemonium



Total absorption spectroscopy applied
to beta decay studies

d = R(B) ⋅ f
Requirements: clean spectrum or a proper treatment of the contaminants, 
some knowledge of decay level scheme of the daughter, etc. 

(𝑛𝑜𝑡𝑒 𝑡ℎ𝑎𝑡 𝑓 ≡ 𝐼!)



Typical total absorption experiments

Tape 
System

Radioactive 
beam

Total absorption spectrometer
+ ancillary detectors (beta, Ge det., etc.)

Calorimeter 
constructed 
with a 
scintillator 
material



What was meant by
“high quality decay data” for summation calculations

• Use of beta decay data that does not suffer from the
Pandemonium effect

• Proper determination of the ground state to ground
state feeding (it affects the global feeding
normalization, and can provide absolute gamma
branches per decay of relevance for many
applications.)

• In the case of beta decays that present beta
delayed neutron emission, determination of the
gamma/neutron competition above the neutron
separation energy



We got interested in 
the topic after the work 
of Yoshida and co-
workers (Journ. of
Nucl. Sc. and Tech. 
36 (1999) 135)

239Pu example
(similar situation for
235,238U)

Detective work:
identification of some
nuclei that could be 
blamed for the  
“anomaly” 102,104,105Tc
Suggestion: TAGS 
measurements !

239Pu example 

(fission pulse decay heat γ component)

The beginning (for us) …



Some published and on-going cases for  Decay Heat
and Antineutrino Spectrum calculations

Tables extracted from « Beta-decay studies for applied and basic nuclear physics », 
Algora et al. Eur. Phys. J. A 57 (2021) 85, 2020

Courtesy: M. Fallot (with some modifications)



IGISOL IV at Jyväskylä 
(Ion-guide + JYFL Penning trap)



Impact of the earlier results for 239Pu: electromagnetic 
component 

104Tc

105Tc

105Mo
106Tc

107Tc

DH courtesy A. Sonzogni

Results also confirmed by R. W. Mills 
using JEFF 3.1 

101Nb 102Tc

Algora, Phys. Rev. Letts. 105, 202505, PhD Thesis D. Jordan, 

K. P. Rykaczewsky, Physics 3, 94 (2011)  

Motivated by Yoshida et al. (Journ. of Nucl. Sc. and Tech. 36 (1999) 135) and WPEC-25

101Nb
107Tc

105Mo
106Tc

105Tc
102Tc

104Tc



Impact of some of our earlier data:
102,104,105,106,107Tc, 101Nb, 105Mo

Ratio between 2 antineutrino
spectra built with and without the
102,104,105,106,107Tc,105Mo,101Nb TAS
data. Only 5 Pandemonium cases

M. Fallot et al., PRL 109.202504 (2012)

1.5%@2.5-3.5 MeV

3.5%@2.5-3 MeV 

8%@3-4 MeV 

Dolores Jordan, PhD thesis
Algora et al., PRL 105, 202501 (2010)
D. Jordan PRC 87, 044318 (2013)



TAS impact in summation calculations
Effect of the successive inclusion of TAS data 

(Pandemonium free data) in the summation model (flux) 

M. Estienne et al. PRL 123, 022502 (2019)

Careful selection of the 
pandemonium free 

data + TAS data

SM-2012:
102,104,105,106,107Tc, 
105Mo, and 101Nb

SM-2015:
92,94Rb, and 87,88Br

SM-2017:
91Rb, 86Br
SM-2018:

100,100m,102,102mNb
DB: Daya Bay

1.9 %

2.5 %
3.9 %



The success of summation calculations
Results from the application of a new summation calculation 

including all our TAS measurements. The discrepancy with the 
antineutrino meas. within this model  is of the order of 2 % 

M. Estienne, M. Fallot, A. Algora,  et al. PRL 123, 022502 (2019) Subatech
Calculations
Estienne, 
Fallot, et al.

Summation is 
slightly better 
than the 
Hueber-
Mueller 
conversion
in the 2-5 MeV 
range, which 
dominates the 
flux



Courtesy of L. Giot with SERPENT
Nichols, Dimitriou, et al., Subm. to Eur. Phys. J. A

https://arxiv.org/abs/2212.10335

Impact of the measurements for 239Pu

https://arxiv.org/abs/2212.10335


Impact of the measurements for 235U

Courtesy of L. Giot with SERPENT
Nichols, Dimitriou, et al., Subm. to Eur. Phys. J. A

https://arxiv.org/abs/2212.10335

https://arxiv.org/abs/2212.10335


VTAS in Jyväskylä (November 2009)
86,87,88Br, 91,92,93,94Rb

Si detector endcup

Segmented BaF2 detector
with optically separated crystals



Examples from the second experiment: 87Br,88Br,94Rb
• Measure moderate beta delayed 
neutron emitters with complementary 
techniques
• Priority one in the IAEA list (decay heat)
• Moderate fission yields 
• Pandemonium cases ?
• Interest from the structure point of view: 
vicinity of N=50 closed shell
• Competition between gamma and 
neutron emission above the Sn value
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Beta delayed neutron emitters, example: 88Br

E. Valencia, et al, PRC95, 024320 (2017)
Tain et al. PRL 115, 062502 

� 

R(B) ⋅ f final

Pn=6.4 (6) %



Beta delayed neutron emitters, example: 88Br

E. Valencia, et al, PRC95, 024320 (2017)
Tain et al. PRL 115, 062502 

Pγ=1.59 (+27-22) %
Pn=6.4 (6) %



Antineutrino impact of 87,88Br, 94Rb

TAS vs high-resolution impact
(87Br red, 88Br green, 94Rb blue,  all black)

TAS vs Tengblad impact
Calc. courtesy of A. Sonzogni



DTAS at Jyväskylä (Feb. 2014)
(Subatech-Valencia Coll., spokespersons: Fallot, Tain, Algora)



Example: the 96gs,96mY cases
(from 18(+5) relevant decays measured)

CFY of the order of 4% 
and ~2 % respectively for 235U; and 
2% for 239Pu for both isomers. 
Major contributor to the spectrum
(11% for the 5-6 MeV bin)

Challenge: E0 transition from 1581 keV level in the 
96gsY case
Requirement: Special treatment of the response 
function, because conversion electrons + pair production

JYFL Penning trap scan, A=96

TAGS spectra for 96Y isomers

96gsY decay is the second most relevant contributor to the antineutrino spectrum

Guadilla et al, PRC 106, 014306 (2022)



The E0 challenge in the response

Guadilla et al, PRC 106, 014306 (2022)

d = R(B) ⋅ f
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Impact on the beta efficiency

Guadilla et al, PRC 106, 014306 (2022)



TAGS spectrum and analysis for 96gsY

Guadilla et al, PRC 106, 014306 (2022)



Feeding distribution for 96gsY

Guadilla et al, PRC 106, 014306 (2022)



TAGS spectrum and analysis 96mY

Guadilla et al, PRC 106, 014306 (2022)



Feeding distribution 96mY

Guadilla et al, PRC 106, 014306 (2022)



Neutrino impact of the new results

Guadilla et al, PRC 106, 014306 (2022)

Impact of the new TAGS
data with respect to the
values used in the
summation calculation
model. Previosly for
96gsY Rudstam data
was used and for 96mY
JEFF3.3 data was
employed.



Another example: 99Y
Nantes analysis

PhD thesis L. Le Meur, 
Subatech, Nantes

Pn= 2.5(5)
T1/2= 1.48 s



Another example: 99Y
Nantes analysis

Clear Pandemonium case

PhD thesis L. Le Meur, 
Subatech, Nantes



Combined impact of 99Y, 138I, 142Cs
Analyses by Nantes

Calculation performed with SM-2015

~1.5% impact in the region of 
the spectral distorsion

Calculation by M. Estienne



103Tc decay (an odd TAGS case)
Bad luck or serendipity?

TAGS analysis insensitive 
to the assumed ground 
state feeding

Guadilla et al. PRC 102, 064304 (2020)

𝟒𝟑
𝟏𝟎𝟑𝑻𝒄 → 𝟒𝟒

𝟏𝟎𝟑𝑹𝒖



A new method for determining
the gs to gs feeding

Based on a comparison of the number of 
counts detected in the beta detector (𝑁!)
with the number of counts detected in the 
TAS in coincidence with the betas (𝑁!&)

Corrected form in comparison with the earlier 
work of Greenwood et al. NIM A317 (1992) 175
The method was tested with synthetic data.

Guadilla et al. PRC 102, 064304 (2020)

𝜀!
∗, 𝜀!#∗ are average efficiencies to excited states

𝜀!
$, 𝜀!#$ average ef(iciencies to gs

𝑰𝜷𝟎 𝟏𝟎𝟑𝑻𝒄 = 𝟒𝟓. 𝟔(+1.5-0.9)
ENSDF value is 34(8)

𝟒𝟑
𝟏𝟎𝟑𝑻𝒄 → 𝟒𝟒

𝟏𝟎𝟑𝑹𝒖



Ground state feedings obtained with
the new method

Guadilla et al. PRC 102, 064304 (2020)

Reduced uncertainties and consistency with the TAGS results



Another relevant problem: the spectrum shape

L. Hayen et al., PRC 99.031301 (2019)

See also:
Hayes et al., 2013
Li, Zhang, 2019

L. Hayen et al., PRC 99.031301 (2019)



𝛽-shape measurements
Tengblad data

Tengblad et al NPA 503 (1989) 136

Impressive work: 111 measured beta 
spectra and deduced the corresponding 
antineutrino spectrum

Measurements performed at ISOLDE 
and at OSIRIS on-line isotope 
separators, not always optimal isotope 
separation

What can be improved:
• Better instrumentation ? Avoid the 

matching of two regions 
• Isotopically pure beams 
• Better Monte Carlo codes
• New deconvolution algorithms



Deduced 𝛽-shapes from TAGS data
vs Tengblad data

Black dots: Tengblad
Blue line: high-res
Red dotted: TAGS
Red cont. : TAGS +bdn

Valencia et al. PRC 95.024320 



Deduced 𝛽-shapes from TAGS data
vs Tengblad data

Black dots: Tengblad
Blue line: high-res
Red line: TAGS

Rice et al. PRC 95.024320 



𝛽-Shape project
Nantes-Surrey-Valencia Collaboration

ΔE − E telescopes 
to measure the 
beta spectrum of 
selected decays 
using isotopically 
pure beams at 
Jyväskylä
Si and plastic 
detectors



𝛽-Shape project

DE-E system 
provides very high 
gamma rejection 

efficiency

Detail of the experimental chamber
(designed by eng. of Nantes)



𝛽-Shape project
Nantes-Surrey-Valencia Collaboration
ΔE − E telescopes 
to measure the 
beta spectrum of 
selected decays 
using isotopically 
pure beams at 
Jyväskylä
Si and plastic 
detectors



𝛽-Shape project
What we have done  for the moment:
• Development of the setup. Comissioning and first 

experiment 

• Implementation of a complex event generator for the 
simulation of complex beta decays in GEANT4 (Hayen et 
al. corrections). Validation of the MC for the 114Ag case 
(see next slide)

Next steps (d=Ro)
Measurement and analysis using deconvolution techniques 
of the most relevant contributors using our setup and 
deduce the spectrum shape for comparison with theoretical 
predictions. Meaurements using trap assisted spectroscopy



𝛽-Shape project: commissioning
114Pd

114Ag

114Cd

Experiment vs 
simulations, 

allowed decays

t1/2=2.42 min
Q=1.440(9) MeV

t1/2=4.6 s
Q=5.087(5) MeV

stable

Validation of MC

Courtesy of G. Alcala



𝛽-Shape project: challenge
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Rb92Simulation Comparisons - Relative Differences - 

ENSDF + Fermi Func.

ENSDF + Hayen Corr. + 1st Forb.

Rb92Simulation Comparisons - Relative Differences - 

Hayen + 1st  forbidden corrections effect on the shapes for 92Rb decay

Courtesy of G. Alcala



New experimental TAGS campaing
performed in Sep. 2022

Segmented BaF2 
detector

+ 
Plastic detector

Measured several cases of interest
for antineutrino studies that include
cases with isomers and beta delayed
neutron emission. Approx. 16 cases.
Cases previosly identified as
important contributors to the
summation calculation.



Summary

• We hope that it was shown that total absorption 
measurements can provide useful data for applications 
related to nuclear reactors, in particular for decay heat 
calculations and for anti-neutrino physics applications
• We are running a research program related to this 
topic, that can also have an impact in nuclear structure 
and astrophysics (not discussed here) 
• We also have started a new experimental program 
related to beta spectrum shape studies, that profits from 
our earlier experience at Jyväskylä and our experience 
in deconvoluting spectra. 
•We thank the IAEA data section for the continous
support of the related activities
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Antineutrino calculations: M. Estienne, M. Fallot, A. 
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Characterization of the detector I: sources



Characterization of the detector II: 
reproduction of multiplicities 22Na decay



102gsNb decay (4+ state)

Reconst.  =R(B)ffinal

V. Guadilla et al., PhD thesis and V. Guadilla et al.,  PRL 112.042502



102gsNb decay (4+ state)

V. Guadilla et al., PRL 112.042502



102mNb decay (1+ state, 94 keV)

Reconst.  =R(B)ffinal

V. Guadilla et al., PhD thesis



102mNb decay (1+ state, 94 keV)

V. Guadilla et al., PRL 112.042502

No ENSDF data available 



Impact on the decay heat
summation calculations

Impact of the 4 new Nb decay
studies, with decaying isomers.

DH summation 
calculation

Courtesy of A. 
Sonzogni

PhD thesis of V. 
Guadilla

V. Guadilla et al., PRC 100, 024311 (2019)



Impact on the neutrino 
summation calculations

Impact of the 4 new Nb
decay studies, with
decaying isomers.
Large impact in the
region of the spectral
distortion !!!

Neutrino summation 
calculation

Courtesy of M. Fallot, 
M. Estienne et al,

PhD thesis of V. Guadilla

V. Guadilla et al., PRL 112.042502


