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Why a new reactor model?

Observed discrepancies between prediction and DYB data 
• Reactor Antineutrino Anomaly and 5-MeV spectral distortion

New reactor model beyond the 
“standard” HM model + effective corrections:

• Based on data from reactor antineutrino experiments
• Suitable for TAO spectrum (after 1st year of data taking)

Daya Bay CPC 41 (2017)
arXiv:1607.05378

RAA bump

https://arxiv.org/abs/1607.05378
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Why a new reactor model? - Outline

Observed discrepancies between prediction and DYB data 
• Reactor Antineutrino Anomaly and 5-MeV spectral distortion

New reactor model beyond the 
“standard” HM model + effective corrections:

• Based on data from reactor antineutrino experiments
• Suitable for TAO spectrum (after 1st year of data taking)

Outline:
1. The model
2. Uncertainties treatment (work in progress)

Daya Bay CPC 41 (2017)
arXiv:1607.05378

Previous talks: JUNO-doc-8157, JUNO-doc-8235, JUNO-doc-8779

RAA bump

https://arxiv.org/abs/1607.05378
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8235
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8779


Reactor Antineutrino Spectrum  
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Reactor Antineutrino Spectrum  
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Reactor isotopic 
spectra:
- total
- 235U
- 239Pu
- 238U
- 241Pu

reactor antinuetrino spectrum  = reactor isotopic spectrum ∗ cross section
[cm2/MeV/fission] 
(recoilless case)

IBD cross section:
using Strumia-Vissani
approximated formula 
for low energy
arXiv:astro-ph/0302055

Sources:
1) Ab initio method
2) Conversion method
3) Reactor antineutrinos

https://arxiv.org/abs/astro-ph/0302055


The spectrum: standard Vanilla model
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𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐
JUNO [YB] 0.58 0.07 0.30 0.05

Vanilla model – Huber&Mueller spectra (conversion+summation method)
SJUNO = f235S235 + f239S239 + f238S238 + f241S241

JUNO-doc-8157

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


The spectrum: standard Vanilla model
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𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐
JUNO [YB] 0.58 0.07 0.30 0.05

Vanilla model – Huber&Mueller spectra (conversion+summation method)
SJUNO = f235S235 + f239S239 + f238S238 + f241S241

JUNO-doc-8157

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


The spectrum: “data-driven” model
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JUNO-doc-8157
arXiv:2102.04614

SJUNO = f235S235 + f239S239 + f238S238 + f241S241

SJUNO = Stotal + ∆f235S235 + ∆f239Spu_combo + ∆f238S238 + ∆f241 − 0.183 ∆f239 S241

𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐
JUNO [YB] 0.58 0.07 0.30 0.05

DYB [CPC 2021] 0.564 0.076 0.304 0.056

(JUNO – DYB) 0.016 -0.006 -0.004 -0.006

DYB unfolded spectra
includes 6% deficit + 5-MeV bump

Other models
(HM, EF, …)

Vanilla model

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157
https://arxiv.org/abs/2102.04614


The spectrum: “data-driven” model
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JUNO-doc-8157
arXiv:2102.04614

SJUNO = f235S235 + f239S239 + f238S238 + f241S241

SJUNO = Stotal + ∆f235S235 + ∆f239Spu_combo + ∆f238S238 + ∆f241 − 0.183 ∆f239 S241

𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐
JUNO [YB] 0.58 0.07 0.30 0.05

DYB [CPC 2021] 0.564 0.076 0.304 0.056

(JUNO – DYB) 0.016 -0.006 -0.004 -0.006

DYB unfolded spectra
includes 6% deficit + 5-MeV bump

Other models
(HM, EF, …)

Vanilla model

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157
https://arxiv.org/abs/2102.04614


“Data-driven” reactor model
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Build JUNO spectrum using Daya Bay unfolded spectra 

𝑆𝑆JUNO = 𝑆𝑆total + ∆𝑓𝑓235𝑆𝑆235 + ∆𝑓𝑓239𝑆𝑆pu_combo + ∆𝑓𝑓238𝑆𝑆238 + ∆𝑓𝑓241 − 0.183 ∆𝑓𝑓239 𝑆𝑆241

Ingredients of the recipe:
• Stotal, S235 and Scombo from DYB (unfolded spectra)

• S241 from Huber (conversion method)

• S238 from EF 2019 (summation method)

After 1 year: use TAO’s spectra instead of DYB’s spectra

arXiv:2102.04614

Time evolution

𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐
JUNO [YB] 0.58 0.07 0.30 0.05

DYB [CPC 2021] 0.564 0.076 0.304 0.056

(JUNO – DYB) 0.016 -0.006 -0.004 -0.006

https://arxiv.org/abs/2102.04614


What about uncertainties?
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arXiv:2102.04614

Use most recent data to 
compute prediction for JUNO

JUNO expected reactor spectrum 
without oscillations

arXiv:2102.04614


What about uncertainties?
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arXiv:2102.04614

Use most recent data to 
compute prediction for JUNO

JUNO expected reactor spectrum 
without oscillations

DYB uncertainty encoded into 
covariance matrix

238U and 241Pu uncertainties 
collected in tables

Propagate uncertainty 
to JUNO prediction

??

??

We are oriented towards a 
covariance matrix approach

𝜒𝜒2 = 𝑀𝑀− 𝑇𝑇 𝑇𝑇 � 𝑉𝑉−1 � 𝑀𝑀 − 𝑇𝑇

arXiv:2102.04614


Uncertainties
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Covariance matrix from DYB (25 bins)
75 x 75 matrix

tot     - 235U     - Pu_combo

to
t  

  -
23

5 U
   

 -
Pu

_c
om

bo
Uncertainty tables for 241Pu and 238U

bin-to-bin uncorrelated
diagonal matrix

𝑉𝑉𝑖𝑖 = 𝜎𝜎𝑖𝑖2

fully correlated (𝜌𝜌𝑖𝑖𝑖𝑖 = 1)
off-diagonal elements

𝑉𝑉𝑖𝑖𝑖𝑖 = 𝜎𝜎𝑖𝑖𝜎𝜎𝑖𝑖

ar
Xi

v:
11

06
.0

68
7v

4

arXiv:2102.04614

https://arxiv.org/abs/1106.0687v4
arXiv:2102.04614


Uncertainty propagation with cov matrix
General recipe:

• Let Y be a random vector with covariance matrix covY
• Let Z = R Y, where R is a transformation matrix
• Then: covZ = R covY RT
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Y: nx1 vector
covY: nxn matrix
Z: px1 vector
R: pxn matrix
covZ: pxp matrix

arXiv:2102.04614

https://arxiv.org/abs/2102.04614


Uncertainty propagation with cov matrix
General recipe:

• Let Y be a random vector with covariance matrix covY
• Let Z = R Y, where R is a transformation matrix
• Then: covZ = R covY RT
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Y: nx1 vector
covY: nxn matrix
Z: px1 vector
R: pxn matrix
covZ: pxp matrix

𝑆𝑆core = 𝑆𝑆total + ∆𝑓𝑓235𝑆𝑆235 + ∆𝑓𝑓239𝑆𝑆pu_combo + ∆𝑓𝑓238𝑆𝑆238 + ∆𝑓𝑓241 − 0.183 ∆𝑓𝑓239 𝑆𝑆241

25x1 = (25x125) (125x1)

𝑆𝑆core = 𝑅𝑅 �

𝑆𝑆total
𝑆𝑆235
𝑆𝑆combo
𝑆𝑆238
𝑆𝑆241

𝑅𝑅 = |𝐼𝐼25 |∆𝑓𝑓235𝐼𝐼25 |∆𝑓𝑓239𝐼𝐼25 |∆𝑓𝑓238𝐼𝐼25 ∆𝑓𝑓241 − 0.183 × ∆𝑓𝑓239 𝐼𝐼25Matrix 
form

COVcore = 𝑅𝑅 � COVinput � 𝑅𝑅𝑇𝑇

arXiv:2102.04614

https://arxiv.org/abs/2102.04614


COVinput
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25x25 = (25x125) (125x125) (125x25)

small boxes are 25x25 matrices

from unfolding:
Total, 235U, 
Pu_combo

75x75

238U

241Pu

0 0 0

0 0 0 0

0

0

0

0

0

0

0

COVcore = 𝑅𝑅 � COVinput � 𝑅𝑅𝑇𝑇



COVinput
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25x25 = (25x125) (125x125) (125x25)

small boxes are 25x25 matrices

from unfolding:
Total, 235U, 
Pu_combo

75x75

238U

241Pu

0 0 0

0 0 0 0

0

0

0

0

0

0

0

COVcore = 𝑅𝑅 � COVinput � 𝑅𝑅𝑇𝑇

arXiv:2102.04614

https://arxiv.org/abs/2102.04614


COVinput
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25x25 = (25x125) (125x125) (125x25)

small boxes are 25x25 matrices

from unfolding:
Total, 235U, 
Pu_combo

75x75

238U

241Pu

0 0 0

0 0 0 0

0

0

0

0

0

0

0

COVcore = 𝑅𝑅 � COVinput � 𝑅𝑅𝑇𝑇

arXiv:2102.04614

JUNO will have 
different binning!

https://arxiv.org/abs/2102.04614


Re-binning methods: 241Pu and 238U

25/10/22 Beatrice Jelmini - Unoscillated antineutrino spectrum 19

Work in progress

Simple case: double the number of bins

Original matrix
25 bins

scipy.interpolate.interp2d
50 bins

1D interpolation
50 bins



Re-binning methods: DYB 
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Work in progress

Simple case: double the number of bins

Original matrix
75 bins

scipy.interpolate.interp2d
150 bins

ToyMC interpolation
150 bins

Note: cannot use 1D interpolation



Re-binning methods: DYB 
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Work in progress

Simple case: double the number of bins

Original matrix
75 bins

scipy.interpolate.interp2d
150 bins

ToyMC interpolation
150 bins

We are finalizing the
choice of the method

Note: cannot use 1D interpolation



From COVinput to COVcore
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DYBtot - 235U  - Pu_com.  - 238U  - 241Pu

DY
Bt

ot
-

23
5 U

  -
Pu

_c
om

.  
-

23
8 U

  -
24

1 P
u



From COVinput to COVcore
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COVcore = 𝑅𝑅 � COVinput � 𝑅𝑅𝑇𝑇

𝜒𝜒2 = 𝑀𝑀 − 𝑇𝑇 𝑇𝑇 � (COVcore)−1 � 𝑀𝑀 − 𝑇𝑇
DYBtot - 235U  - Pu_com.  - 238U  - 241Pu

DY
Bt

ot
-

23
5 U

  -
Pu

_c
om

.  
-

23
8 U

  -
24

1 P
u



Summary and next steps

• JUNO reactor model
• Use “data-driven” reactor model with RAA and 5-MeV bump
• Inputs: mainly DYB, TAO in the future

• Reactor uncertainties – work in progress
• Uncertainties treatment study is ongoing
• Next step: finalize choice of re-binning method

• Next step: integration with Andrea Serafini’s fit framework (later talk)
• Test impact of reactor model on sensitivity

25/10/22 Beatrice Jelmini - Unoscillated antineutrino spectrum 24

Thank you!
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Backup
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Fission cross-section
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https://universe-review.ca/F14-nucleus04.htm

fast neutrons

• 1980’s - ILL measurement with thermal 
neutrons: 235U, 239Pu, and 241Pu 
--> conversion (Huber)

• Fast neutrons needed to induce 
fission on 238U

• 238U with ab initio method
--> Mueller or Estienne-Fallot

• 2014 - Garching measurement with 
thermal and fast neutrons:
235U and 238U 𝛽𝛽 spectra
--> 238U from conversion method

thermal neutrons

JUNO-doc-8157

https://universe-review.ca/F14-nucleus04.htm
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


Summary of available 
isotopic spectra

235U 238U 239Pu 241Pu Total

1) ab initio 
method

2) conversion 
method

3) reactor 
antineutrino 

data

parametric

25/10/22 Beatrice Jelmini - Unoscillated antineutrino spectrum 30

235U 238U 239Pu 241Pu Total

1) ab initio 
method EF EF, Mueller EF EF /

2) conversion 
method

Huber, Mueller
(ILL: 0-12 h),
ILL+KI_corr

Haag
(Garching 11-53 h),

Haag+KI_corr

Huber, Mueller
(ILL: 0-36 h)

Huber, Mueller
(ILL: 0-36 h) /

3) reactor 
antineutrino 

data

DYB, 
DYB+PP, TAO? TAO? DYB+PP, TAO? TAO? DYB, TAO

parametric HM_parametric,
V_parametric

HM_parametric,
V_parametric

HM_parametric,
V_parametric

HM_parametric,
V_parametric /

Vogel: 1989 Haag: 2014 KI_corr: 2021

Huber: 2011 EF: 2019 DYB+PP: 2021

Mueller: 2011 DYB: 2021 TAO: 2024?

DYB (combo)

JUNO-doc-8157PP = PROSPECT

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


Huber (H) spectra  
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Huber (2011) arXiv:1106.0687

Conversion method 
(ILL data - 1980s)

IBD threshold 
(1.806 MeV)

1.875-8.125 MeV
Binning: 250 keV

Mueller (M) spectra  

Mueller et al. (2011) arXiv:1101.2663v3
235U, 239Pu, 241Pu: conversion method 
(ILL data - 1980s)
238U: ab initio method

IBD threshold 
(1.806 MeV)

1.875-8.125 MeV
Binning: 250 keV

Measurement at 
ILL with thermal
neutrons

JUNO-doc-8157

https://arxiv.org/abs/1106.0687
https://arxiv.org/abs/1101.2663v3
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


Estienne-Fallot (EF) spectra
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IBD threshold 
(1.806 MeV)

Estienne, Fallot et al. (2019) arXiv:1904.09358v1

Ab initio method
Range: 0-10.1 MeV
Binning: 100 keV

Most updated calculations 
based on ab initio method

Most recent nuclear 
measurements are included 

Theoretical calculations
down to 0 MeV 

JUNO-doc-8157

https://arxiv.org/abs/1904.09358v1
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


DYB unfolded spectra
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IBD threshold 
(1.806 MeV)

From reactor antineutrinos
Range: 1.8-9.8 MeV
Binning: 250 keV
25 bins

DYB unfolded spectra    - weighted by 𝜎𝜎IBD

Unfolded = from Eprompt to 𝐸𝐸𝜈𝜈 by removing 
detector response
Pu-combo: Combination of 239Pu and 241Pu to 
reduce uncertainties

JUNO-doc-8157

DYB collaboration (2021) arXiv:2102.04614

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157
https://arxiv.org/abs/2102.04614


DYB+PROSPECT spectra - only weighted by 𝜎𝜎IBD
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DYB+PROSPECT (2021) arXiv:2106.12251

From reactor antineutrinos
Range: 1.8-8.5 MeV
Binning: 250 keV

PROSPECT (PP)
• experiment at HEU reactor at 

Oak Ridge National Laboratory
• measurement of 𝜈𝜈𝑒𝑒 spectrum 

from 235U

Consistency between DYB and 
PROSPECT is assessed  

A joint fit is performed:
• reduced uncertainty on 235U
• reduced correlation between 

235U and 239Pu

JUNO-doc-8157

https://arxiv.org/abs/2106.12251
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


Haag spectrum  
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Haag et al. arXiv:1312.5601

Conversion method
Range: 2.875-7.625 MeV
Binning: 250 keV

First bin center at 3 MeV due to 
background at low energy

Garching measurement - 2014

• Both thermal and fast neutrons

• Target foils from natural uranium 
(0.7% 235U, 99.3% 238U)

• Both 235U and 238U spectra are measured

• Normalization to ILL’s 235U to reduce 
systematic uncertainties

IBD threshold 
(1.806 MeV)

JUNO-doc-8157

https://arxiv.org/abs/1312.5601
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


Kopeikin spectra  
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Kopeikin et al. arXiv:2103.01684

Conversion method + normalization correction
Range: 1.875-8.125 MeV
Binning: 250 keV

𝑅𝑅 =
𝑆𝑆235
𝑆𝑆239

electron energy

Kurchatov Institute (KI) - 2021

• Ratio of 𝜷𝜷 spectra of 235U and 239Pu

• Smaller ratio than ILL data

• 𝛽𝛽 spectra converted in 𝜈𝜈𝑒𝑒 spectra:
• Corrected 235U spectrum
• 238U spectrum: correction to Haag spectrum 

+ Kopeikin at al. in the range 2-3 MeV (2012)

IBD threshold 
(1.806 MeV)

JUNO-doc-8157

https://arxiv.org/abs/2103.01684
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


238U: comparison

25/10/22 Beatrice Jelmini - Unoscillated antineutrino spectrum 37

ab initio method
conversion method

IBD threshold 

𝑆𝑆238 only

: available data

𝑆𝑆238 × 𝜎𝜎IBD

JUNO-doc-8157

Kink @ ~7 MeV
Not visible in 
final prediction

Haag spectrum begins at 3 MeV
-> we don’t trust extrapolation in the 2-3 MeV region

Kopeikin spectrum combines Haag data (3-7.5 MeV) with data 
from another experiment (<3 MeV) 

In the end, we decided to stick to ab initio method for 238U

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8157


Time evolution: rate and shape effect

25/10/22 Beatrice Jelmini - Unoscillated antineutrino spectrum 38

JUNO-doc-8235

Taishan core
No oscillation

Antineutrino rate 
decreases by -7.70% 
over 1 burnup cycle

Fresh reactor fuel: Low Enriched Uranium (LEU)
YJ: 95.55% 238U, 4.45% 235U
TS: 97.02% 238U, 2.98% 235U 

239Pu and 241Pu: produced by neutron capture on 238U

Fuel composition is not constant
--> fission fractions evolve in time

Variations
in rate
and shape

arXiv:1607.05378

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8235
https://arxiv.org/abs/1607.05378


Evolution of the antineutrino rate
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Example: Antineutrino 
rate from 1 Taishan core 
without neutrino 
oscillations

Antineutrino rate 
decreases by -7.70% 
over 1 burnup cycle

𝑅𝑅𝜈𝜈 =
𝑁𝑁𝑝𝑝 𝜀𝜀
4𝜋𝜋𝐿𝐿2

�
𝑊𝑊th

𝐸𝐸 𝑓𝑓
� 𝜎𝜎𝑓𝑓

25.10 
IBD/day 23.16 

IBD/day

-1.31% -6.48%

Note: antineutrino rate for 1 Taishan core reduces 
to ~7.5 IBD/day with neutrino oscillations

mean 𝑓𝑓239 for JUNO from YB:
23.81 IBD/day

similar results for a Yangjiang core



Effect of burnup on the spectral shape
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burnup 
(or time)

Bottom panel: relative difference wrt spectrum at beginning of burnup cycle

Vanilla Data-driven



Input spectra
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25x1 = (25x125) (125x1)

total 235U Pu_combo

238U

241Pu

Note: 238U and 241Pu interpolated and “rebinned” 
to match binning of DYB unfolded spectra

𝑆𝑆core = 𝑅𝑅 �

𝑆𝑆total
𝑆𝑆235
𝑆𝑆combo
𝑆𝑆238
𝑆𝑆241



Transformation matrix
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25x125 
matrix 

𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐 𝒇𝒇𝟐𝟐𝟐𝟐𝟐𝟐
DYB 0.564 0.076 0.304 0.056

JUNO 0.58 0.07 0.30 0.05

J - DYB 0.016 -0.006 -0.004 -0.006

total            - 235U            - Pu_combo - 238U            - 241Pu

𝑅𝑅 = |𝐼𝐼25 |∆𝑓𝑓235𝐼𝐼25 |∆𝑓𝑓239𝐼𝐼25 |∆𝑓𝑓238𝐼𝐼25 ∆𝑓𝑓241 − 0.183 × ∆𝑓𝑓239 𝐼𝐼25

=
1

⋱
1
�
∆𝑓𝑓235

⋱
∆𝑓𝑓235

�
∆𝑓𝑓239

⋱
∆𝑓𝑓239

�
∆𝑓𝑓238

⋱
∆𝑓𝑓238

�
∆𝑓𝑓241

𝑒𝑒𝑓𝑓𝑓𝑓

⋱
∆𝑓𝑓241

𝑒𝑒𝑓𝑓𝑓𝑓

∆𝑓𝑓241
𝑒𝑒𝑓𝑓𝑓𝑓

symmetric 
power law scale



Reactor covariance matrix - ToyMC
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Using 125x125 total 
covariance matrix

𝑉𝑉𝑖𝑖𝑗𝑗 =
1
𝑁𝑁 �

𝑖𝑖=1

𝑁𝑁

𝑥𝑥𝑖𝑖
𝑖𝑖 − 𝐸𝐸 𝑥𝑥𝑖𝑖 𝑥𝑥𝑖𝑖𝑗𝑗 − 𝐸𝐸 𝑥𝑥𝑗𝑗

bin

𝐸𝐸𝜈𝜈 [MeV]

total 235U Pu_combo

238U

241Pu

𝑆𝑆reactor = 𝑅𝑅 �

𝑆𝑆total
𝑆𝑆235
𝑆𝑆combo
𝑆𝑆238
𝑆𝑆241



Reactor covariance matrix - comparison
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The analytical and ToyMC methods are equivalent

Note: this covariance 
matrix is the result of 
propagating the 
uncertainties of the 
initial isotopic spectra to 
the final reactor 
spectrum.

It depends on the fission 
fractions (∆𝑓𝑓𝑖𝑖), so it’s not 
the same for all reactor 
cores and constant 
during a burnup cycle.



IBD cross section
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• SVci and VBci from common inputs 
--> any correction included?

• SVapprox from Strumia-Vissani, 
Physics Letters B 564 (2003), 
eq. (25) 

• Above 2 MeV, difference is within 
0.5%

∆ = 𝑚𝑚𝑛𝑛 −𝑚𝑚𝑝𝑝 ≈ 1.293 MeV

up to 30%


	Modelling the �unoscillated antineutrino spectrum
	Slide Number 2
	Slide Number 3
	Reactor Antineutrino Spectrum  
	Reactor Antineutrino Spectrum  
	The spectrum: standard Vanilla model
	The spectrum: standard Vanilla model
	The spectrum: “data-driven” model
	The spectrum: “data-driven” model
	“Data-driven” reactor model
	What about uncertainties?
	What about uncertainties?
	Uncertainties
	Uncertainty propagation with cov matrix
	Uncertainty propagation with cov matrix
	COVinput
	COVinput
	COVinput
	Re-binning methods: 241Pu and 238U
	Re-binning methods: DYB 
	Re-binning methods: DYB 
	From COVinput to COVcore
	From COVinput to COVcore
	Summary and next steps
	Bibliography (1)
	Bibliography (2)
	Bibliography (3)
	Backup
	Fission cross-section
	Summary of available �isotopic spectra
	Huber (H) spectra  
	Estienne-Fallot (EF) spectra
	DYB unfolded spectra
	DYB+PROSPECT spectra - only weighted by  𝜎 IBD  
	Haag spectrum  
	Kopeikin spectra  
	238U: comparison
	Time evolution: rate and shape effect
	Evolution of the antineutrino rate
	Effect of burnup on the spectral shape
	Input spectra
	Transformation matrix
	Reactor covariance matrix - ToyMC
	Reactor covariance matrix - comparison
	IBD cross section

