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Status circa 05/2004

Maltoni et al,  
New. J. Phys. 6, 122 (2004)

Rather interesting things 
were happening with 
neutrino oscillations!
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Neutrino 2004 
Paris

“Solar” sector

C Gratta, 2004

“Atmospheric” sector

Nakahata, 2004

Status circa 05/2004

Maltoni et al,  
New. J. Phys. 6, 122 (2004)

Rather interesting things 
were happening with 
neutrino oscillations!
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What about ?θ13
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n → p+ + e− + ν̄e ν̄e + p+ → n + e+
Inverse Beta Decay
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Φν̄ ∼ 2 × 1020 s−1/GW
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Φν̄ ∼ 2 × 1020 s−1/GW
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❖ Time dependence
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Nunokawa et al,  
PRD 72, 013009 (2005)

Valid for L /E ≲ 1 km/MeV
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What about ?θ13

Null results 
from CHOOZ

S Goswami, 2004

Reactor  disappearance 
offer a window to 

 for 
distances of 

νe

Δm2 ∼ 10−2 − 10−3 eV2

𝒪(km)

Main issue: Large systematic uncertainties 

❖ Total flux 
❖ Cross sections 
❖ Efficiencies 
❖ Time dependence

Use 2 or more detectors!

Three experiments 
were built based on 

this technique
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Schematically  
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Latest results from Neutrino2024
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Zeyuan Yu, 2004

Can we reproduce 
this result?

Latest results from Neutrino2024
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References:  
Daya Bay results: 1607.05378, 1610.04802, 2211.14988 
NuFit approach: 1811.05487 

https://arxiv.org/abs/1607.05378
https://arxiv.org/abs/1610.04802
https://arxiv.org/abs/2211.14988
https://arxiv.org/abs/1811.05487
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Detector measures the 
photons total energy 

Events will be as 
function of the 

“prompt” energy
Eprompt ≈ Te+ + 2me

≈ Eν − (mn − mp − me) = Eν − 0.78 MeV

Kinematics:
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the reconstruction of prompt 

energies

Kinematics:

Luckily, the DayaBay 
collaboration has provided 

data as function of true 
prompt energy
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Dominant at the 
 scale𝒪(few MeV)

σ(Eν) =
G2

F cos2 θC

π
( f 2 + 3g2)Ee+pe+

Ee+ = Eν − (mn − mp)

: Total energyEe+

Vogel, Beacom 
PRD 60 (1999) 053003

Additional corrections: 
✤ Expansion in powers of  1/mn

Skadhauge, Zukanovich Funchal 
JCAP 0704:014,2007

f = 1, g = 1.26

https://arxiv.org/pdf/hep-ph/9903554


Ingredients: Neutrino Flux
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dϕrd(νe)
dEν

=
Wth

4πL2
rd

∑
isotopes

pi

Qi
Si(Eν)

Wth → Thermal Power, Wth = Ni Qi

Ni → Number of fissions per s
Qi → Energy released per isotope

Si(Eν) → Antineutrino spectrum per fission

pi → Power fraction

Huber, PRC84:024617(2011) 
Mueller et al, PRC83:054615(2011)

We will use the interpolated 
formulae for  from 

Huber-Mueller (HM)
Si(Eν)

https://arxiv.org/abs/1106.0687
https://arxiv.org/abs/1101.2663


Ingredients: Neutrino Flux — 2
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Thermal power for 
Daya Bay and Ling Ao 

NPPs?

In GWs

Power fractions? Flux averaged values

Energy released per 
isotope?

Baldoncini et al,  
PRD 91 (2015) 065002 

DB Collaboration,  
PRD 95, 072006 (2017) 

1610.04802 

https://www.fe.infn.it/radioactivity/materials/papers/baldoncini2015.pdf
https://arxiv.org/abs/1610.04802
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3 Different 
periods of data 

taking

DB Collaboration,  
2211.14988

https://arxiv.org/abs/2211.14988
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3 Different 
periods of data 

taking

6AD 8AD 7AD

EH1

EH2

EH3

AD1, AD2

AD3

AD4, AD5, AD6

217 days 1524 days 1417 days

AD1, AD2

AD3, AD8

AD4, AD5, AD6, AD7

AD2

AD3, AD8

AD4, AD5, AD6, AD7

DB Collaboration,  
2211.14988

https://arxiv.org/abs/2211.14988
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3 Different 
periods of data 

taking

6AD 8AD 7AD

EH1

EH2

EH3

AD1, AD2

AD3

AD4, AD5, AD6

217 days 1524 days 1417 days

AD1, AD2

AD3, AD8

AD4, AD5, AD6, AD7

AD2

AD3, AD8

AD4, AD5, AD6, AD7

Efficiencies

DB Collaboration,  
2211.14988

https://arxiv.org/abs/2211.14988
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3 Different 
periods of data 

taking

6AD 8AD 7AD

EH1

EH2

EH3

AD1, AD2

AD3

AD4, AD5, AD6

217 days 1524 days 1417 days

AD1, AD2

AD3, AD8

AD4, AD5, AD6, AD7

AD2

AD3, AD8

AD4, AD5, AD6, AD7

Efficiencies

Muon veto and multiplicity selection

DB Collaboration,  
2211.14988

https://arxiv.org/abs/2211.14988
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Instrumental Uncorrelated Correlated

❖ PMTs emitting light ❖ Accidentals: 
Events producing two 
photons within the 
time interval expected 
for an IBD 

❖ Muons 
❖ Fast neutrons 
❖  and  
❖  —  

neutron sources 
❖  interactions 
❖ High multiplicity 

signals

9Li 8He
241Am 13C

(α, n)

DB Collaboration,  
2211.14988

https://arxiv.org/abs/2211.14988
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Instrumental Uncorrelated Correlated

DayaBay collaboration has also provided us data 
with the full backgrounds!

❖ PMTs emitting light ❖ Accidentals: 
Events producing two 
photons within the 
time interval expected 
for an IBD 

❖ Muons 
❖ Fast neutrons 
❖  and  
❖  —  

neutron sources 
❖  interactions 
❖ High multiplicity 

signals

9Li 8He
241Am 13C

(α, n)

DB Collaboration,  
2211.14988

https://arxiv.org/abs/2211.14988
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Npdb = 𝒩pd ϵd ∑
r=reactors

∫
Eb+1

Eb

dEprompt
dϕrd(νe)

dEν
P(νe → νe; Ldr) σIBC(Eν)

Neutrino 
flux

IBD cross 
section

Exposure

Efficiency
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Npdb = 𝒩pd ϵd ∑
r=reactors

∫
Eb+1

Eb

dEprompt
dϕrd(νe)

dEν
P(νe → νe; Ldr) σIBC(Eν)

Neutrino 
flux

IBD cross 
section

Exposure

Efficiency

Neh
pb = ∑

d=detectors in EHeh during period p

Npdb
Events at experimental hall 

 during period  in the 
true prompt energy bin :
eh p

b
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We will provide you all these 
quantities!

Npdb = 𝒩pd ϵd ∑
r=reactors

∫
Eb+1

Eb

dEprompt
dϕrd(νe)

dEν
P(νe → νe; Ldr) σIBC(Eν)

Neutrino 
flux

IBD cross 
section

Exposure

Efficiency

Neh
pb = ∑

d=detectors in EHeh during period p

Npdb
Events at experimental hall 

 during period  in the 
true prompt energy bin :
eh p

b
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 analysis, including 
systematic uncertainties
χ2

As there is some information we don’t 
know about the data taking, we take 

a ratio of the events to the EH1 to 
perform the analysis 



χ2(sin2 θ13, Δm2
ee; ⃗α ) = ∑

p=periods
∑

b=bins

1
(σ21

pb)2 (
O2

pb − (1 + α2
Bp)B2

pb

O1
pb − (1 + α2

Bp)B1
pb

− (1 + α21
ϵp )

N2
pb

N1
pb )

2

+
1

(σ31
pb)2 (

O3
pb − (1 + α3

Bp)B3
pb

O1
pb − (1 + α1

Bp)B1
pb

− (1 + α31
ϵp )

N3
pb

N1
pb )

2
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 analysis, including 
systematic uncertainties
χ2 Observed minus 

background in EH2

Expected events in 
EH2, depending on 

sin2 2θ13, Δm2
ee

As there is some information we don’t 
know about the data taking, we take 

a ratio of the events to the EH1 to 
perform the analysis 

We will follow an 
approach similar to 
NuFit’s 1811.05487 

https://arxiv.org/abs/1811.05487


χ2(sin2 θ13, Δm2
ee; ⃗α ) = ∑

p=periods
∑

b=bins

1
(σ21

pb)2 (
O2

pb − (1 + α2
Bp)B2

pb

O1
pb − (1 + α2

Bp)B1
pb

− (1 + α21
ϵp )

N2
pb

N1
pb )

2

+
1

(σ31
pb)2 (

O3
pb − (1 + α3

Bp)B3
pb

O1
pb − (1 + α1

Bp)B1
pb

− (1 + α31
ϵp )

N3
pb

N1
pb )

2

Putting Things Together

YETI School - July 30th, 2024 Yuber F. Perez-G. - IPPP, Durham U 32

 analysis, including 
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Expected events in 
EH2, depending on 
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Error related to 
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observed minus 
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As there is some information we don’t 
know about the data taking, we take 

a ratio of the events to the EH1 to 
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 analysis, including 
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background in EH2

Expected events in 
EH2, depending on 
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observed minus 
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 analysis, including 
systematic uncertainties
χ2 Observed minus 

background in EH2

Expected events in 
EH2, depending on 

sin2 2θ13, Δm2
ee

Error related to 
observed minus 
background ratio

As there is some information we don’t 
know about the data taking, we take 

a ratio of the events to the EH1 to 
perform the analysis 

Systematic uncertainty 
related to background 

at EH1 During period p

Systematic uncertainty 
related to detector 
efficiency at EH1 
During period p

As  are nuisance 
parameters, we need to 
marginalise over them

⃗α = {αeh
(B,ϵ)p}

χ2
mar = min

⃗α
χ2(sin2 θ13, Δm2

ee; ⃗α )
We will follow an 

approach similar to 
NuFit’s 1811.05487 

https://arxiv.org/abs/1811.05487
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We assume you have knowledge of python and that each one of you have a laptop
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Using provided Jupyter notebook:

1. Compute number of events  

2. Compute the  as shown on the last slide 

3. Marginalise over systematics 

4. Find the allowed region in the 2D plane , by 
computing , and plotting  regions 

5. Marginalise over either of these oscillation parameters to obtain the 
1D allowed for the other parameter 

6. Compare with official Daya Bay results!

Neh
pb

χ2(sin2 θ13, Δm2
ee; ⃗α )

(sin2 2θ13, Δm2
ee)

Δχ2 = χ2 − χ2
min 1,2,3σ

We assume you have knowledge of python and that each one of you have a laptop
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Go to:

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/
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Go to:

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/

Access with your credentials, and then click on Assignments:

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/
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Go to:

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/

Access with your credentials, and then click on Assignments:

Select dayabay_analysis by clicking Fetch

https://yeti-2425.notebooks.danielmaitre.phyip3.dur.ac.uk/
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After clicking “Fetch” this should appear:
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After clicking “Fetch” this should appear:

Click on dayabay_analysis, which should open a new tab with a jupyter notebook for 
you to work in 
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After clicking “Fetch” this should appear:

Click on dayabay_analysis, which should open a new tab with a jupyter notebook for 
you to work in 
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‣ IBD cross-section

‣ Oscillation probability

‣ Neutrino flux at a given EH 

‣ Data provided by Daya Bay
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❖ Mass: detector mass in kg 
❖ Eff: Efficiency associated with the detector 
❖ Reactors: detector-reactor distance in m
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❖ Exposure: time of data taking in s 
❖ EHx: Detectors present in period 
❖ Wth: Average thermal power associated with each reactors

Note that for 7AD we take the  average of 6AD and 8AD 
as this information is not provided by the collaboration afaik 

Wth
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Using provided Jupyter notebook:

1. Compute number of events  

2. Compute the  as shown on the last slide 

3. Marginalise over systematics 

4. Find the allowed region in the 2D plane , by 
computing , and plotting  regions 

5. Marginalise over either of these oscillation parameters to obtain the 
1D allowed for the other parameter 

6. Compare with official Daya Bay results!

Neh
pb

χ2(sin2 θ13, Δm2
ee; ⃗α )

(sin2 2θ13, Δm2
ee)

Δχ2 = χ2 − χ2
min 1,2,3σ

We assume you have knowledge of python and that each one of you have a laptop



Any question?



Let's get down to business!

Thanks!


