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Expected rate 

• Expected rate calculated on 60:40  gas mixture @ 1atm  25°CHe/CF4

• Total cross section of neutrino on 
electron

• Oscillation taken into account

• pp flux tabulated taken from Bahcall

Threshold on  E at e− 20 keV-th flux componenti

• Resulted rate:
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Bayesian framework

p(μs, μb |D) =
p(D |μs, μb) ⋅ π(μs) ⋅ π(μb)

p(D)

• Sensitivity studies performed with the Bayesian framework:

Posterior probability
Likelihood Prior probabilities

Normalization factor

• Prior probability: a priori knowledge of the signal and background probability distribution, it will 
be assumed possoanian for the background and flat for the signal 

• Likelihood: probability of observing the data given  and , calculated as the 
product of the probability of  events in the  bin with expected value 

μs μb
ni, j i, j λi, j

L = ∏
i, j

λni, j
i, j e−λi, j

ni, j!

• Normalization factor: difficult to estimate a priori, it will be calculated by integrating the numerator 
distribution with a Markov-Chain Montecarlo based algorithm (posterior must be nomalized to 1 )
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Analysis tool

• Work done with Stefano Piacentini in Roma Sapienza

• Framework moved from python to C++ for fastness and future scalability of the code 

• Tool used is the BAT: Bayesian Analysis Toolkit

• Tool developed to solve statistical problems encountered in Bayesian inference

• It contains inside the tools for defining models, marginalize distributions, compare different 
hypothesis models…

• For this case of study BAT requires the models (S,B), the likelihood function, the priors 
and the expected values of each bins
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Resolutions used and assumptions

• For the templates generation (  information) the energy resolutions from the data and 
the angular resolution from the MC have been used 

λi, j

• Assumptions:
• Same resolution in both theta (on the GEM plane) and phi (respect to the perpendicular 

to the GEM plane)
• Isotropic gamma background
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Signal templates

• Extraction of a random neutrino energy according 
to the pp solar flux

• Extraction of a random  value according to the 
differential cross section for extracted neutrino energy

cos θ

• Calculation of the electron energy

• Smearing of the energy and angle according to the resolutions

σE

E
= 10.25 +

21.23

E

σθ = − 10.11 +
184.3

E
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Signal templates

 distribution 
for the 16 keV bin
cos(θ)

• Histograms construction:
• Energy histogram with bin size  of resolution
• For each energy bin a  histogram with bin size  of resolution

±1σ
cos(θ) ±1σ

1  of resolution 
at 287keV

287± σ

 distribution 
for the 141 keV bin
cos(θ)
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Background templates

• For the background, the templates were 
generated in the same way

• I preliminary used the LIME bkg spectra calculated by Flaminia, 
summing the external and internal flux of gamma with cuts

• Extraction of a random energy according to the spectrum, 
and theta from flat distribution  smearing both→

External + internal gamma 
spectrum with cuts

Energy template with same 
binning of the signal one

 distribution 
for the 16 keV bin
cos(θ)

 distribution 
for the 141 keV bin
cos(θ)
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Toy-MC

• 50 toy MC for every combination of  and  have been generated:

•  = 10,100,500,1000,10000

•  = 5, 10, 20, 40, 60, 100, 200, 400, 600, 1000  

N̄s N̄b

N̄b

N̄s

• Toy-MC generated by:

• Choosing an hypothesis of signal and background ,  

• Extracting the actual values from a poissonian distribution , 

• Injecting  ,  events, respectively from the signal and background 
templates, into an E-cos( ) histogram 

N̄s N̄b

ns nb

ns nb
θ

Template s Template b
Toy MC

ns

nb

N.B. all the 
histograms have 
the same binning
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How the code works

• Define the environment with the distributions, the 
data sample, and the parameters of the Markov-chain

• Define the signal+background model with 
the log-likelihood and the log-priors

• Fit the likelihood, sample the posterior with 
the MCMC Metropolis-Hastings algorithm 
and get the distributions for signal and 
background
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Output of the code

e.g. 60 events of signal over 500 events of background

p(ns, nb |D)

Marginalization

Marginalization

p(nb |D)

p(ns |D)

a.k.a. projection

a.k.a. ∫Ω
p(ns, nb |D)dnb
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Output of the code

Comparison of 
prior and posterior

Background Signal
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3σ

5σ

Nsigma sensitivity

• Plot of  as a function of  under different background hypotheses
n̄s − 0

σ
ns

(S,b) (60,500)→

nσ = 64,3/12,7 = 5,1

• Each point is the mean of the 50 MC generated and analyzed
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Can we trust it?
Background template

Each bin contain the cos(theta) 
distribution for a fixed energy bin

N.B. on the x axis there is the bin index

Signal template

N.B. on the x axis there is the bin index

S-B-N  (40-100-5)σ S-B-N  (40-1000-3)σ S-B-N  (200-10000-5)σ

Following plots obtained filling two histogram with the same bkg, and adding signal to one  (B), (S+B)→


