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Physical motivations

• Directional DM detectors  capability of 
discriminating particles from different sources 
through directionality 

→

• Possibility of making solar neutrinos an 
opportunity to study more than nuisance

• pp cycle neutrinos can be studied:
• Low energy threshold (lower than Borexino)
• Low background (Positive identification by sun direction correlation )

• Solar neutrinos from pp cycle can be studied 
through elastic scattering on electrons
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Expected rate 

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

• Total cross section calculated 
with quantum field theory

• Oscillation taken into account

• pp flux tabulated taken from Bahcall

Threshold on  E set at e− 20 keV

-th flux componenti

• Resulted rate:

Not so bad for a  detector1000 m3

Differential cross section integrated form 
threshold to maximum electron energy
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Expected electrons spectrum 

•  angular distribution + energy spectrum:e−

1. Extraction of a random neutrino energy 
according to the flux

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

cos θ
Eν = 200 keV

The kinematic now is closed
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Expected electrons spectrum 

3. Calculation of the  kinetic 
energy given  and 

e−

Eν cos(θ)

4. Smearing of energy and angle 
according to the resolutions

σE

E
= 4.33 +

1890
E

σθ = 0.3490 = 20∘

ESm = E + gE g: factor extracted from a normalized 
gaussian with  and μ = 0 σ = σE /E

Same thing for the 
angle, but fixed σθ

5. Reconstruct the energy of the 
neutrino with  and  smearedEe− cos θ Eν,Reco =

−meTe − T2
e m2

e cos(θ)2 + 2Tem3
e cos(θ)2

(Te − Te cos(θ)2 − 2me cos(θ)2)
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Results 

•  distribution for two 
different threshold: 
cos(θ)

20 − 100 keV

• Signal free regions available for 
background measurements

 thr.
free region
20 keV

 thr.
free region

100 keV

Tthr = 20 keV

Tthr = 100 keV

• With higher threshold better 
signal but R ∼ 0.3ev/(m3 y)

• Electron energy spectrum 
reconstrucred

• Typical falling exponential signal
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Results 
pp spectrum reconstructed (in 

agreement with the Borexino one)

• Residual distribution

• Histogram std. dev. 0.16Eν
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Energy resolution

•  vs   @  fixed  kinetic energy
• Same angular and Energy resolution of before

σEν
/Eν Eν e−

1. Fix a neutrino Energy

2. Simulate the interaction (  Energy and )

3. In bins of electron energy build the  distrib.

4. Fit each projection (Crystal ball) for any 

5. Build the  vs  for different  energy

e− cos(θ)

Eν,Reco

Eν

σEν
/Eν Eν e−

Eν = 327 keV

 distrib @:

•
•

Eν,reco
Eν = 327 keV
Ee− = [140 − 170] keV
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Results in neutrinos E resolution

Resolution as FWHM (Hellaz like) Resolution as CB standard deviation

The first has more sense?
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Other comparison

Comparison with Elisabetta’s 
analytical result

Remember: FWHM = 2.355 σGaussian
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Backup
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Hellaz comparison


