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I:NOSTOS: Spherical gaseous TPC’s 

for detecting Earth or sky neutrinos 
• A) LOW ENERGY NEUTRINOS 

-A1: neutrino electron scattering  for neutrino 
oscillations, θ13  and sterile neutrinos ) 

  - A2: Neutral current induced scattering for sterile 
neutrino detection. 

• B)   Neutral Current Spherical TPC’s (Nuclear recoils)  
for Dedicated 
        SUPERNOVA NEUTRINO DETECTORS 

II. The LENA detector: 

 (Neutrino-electron scattering in Liquid Ar) 
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The NOSTOS  Set Up (the position is 

determined via a radial Electric field) 

The detector The neutrino source 
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I: Measure the Weinberg angle using (νe,e)  
scattering at very low momentum  transfers 
(electron energy T) 
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II : Measure or set limit on  the 
neutrino magnetic moment. At low  energies 

the  induced EM interaction competes with the weak 

 

 

 

 

• With μν the neutrino magnetic moment and ξ1 

≈0.25 

• Thus we can obtain the limit: μν ≤10-12 μΒ  

• (present limit: μν ≤10-10 μΒ) 
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III Neutrino oscillations (neutrino-
electron scattering) “in a box” 

• Measure  small mixing angle:                    

              sin2 (2θ13) and δm2
13  

• Measure sterile neutrino mass and mixing:  

     sin2 (2θ14) and δm2
14 

(The Reactor Neutrino anomaly, The Short 
Baseline Anomalies (LSND, MiniBooNE)) 
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Neutrino Oscillations in Neutrino 
Electron Scattering 

Charged current (νε only)  Neutral current (all flavors) 
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Part I: Measuring sin2 (2θ13) and δm2
13           

 in (νe, e) scattering: σ(L,Eν)= σ(0,Eν)P(νe->νe) 

 

 

 

•                                                   

•                                                  χ (Εν)=1-σ’/σ 
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The function χ(Εν). It reduces the 
amplitude of oscillation 

         neutrinos              antιneutrinos 
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Sketch of νe disappearance probability:Eν=13keV,  

θ12 =π/5, sin22θ13=0.175,0.09,0.045  

Detector close to the source Detector far from the source 
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Mono-energetic Neutrino sources 
suitable for a spherical gaseous TPC 
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The number of events for a 
spherical gaseous detector 
(source at the origin) 
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Event rate dN/dL(per m), P=10Atm, 
Ar target for m=0.2 and 0.3 kg of source 
 sin22θ13=0.2,0.1,0.05 Tth=0.1keV  

L=10m, Eν=9.8 keV (157Tb) L=50m, Eν=50 keV (193Pt) 

 

 

 

 

 

 

 

 

L->m 
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Other detectors and geometries 
• The gaseous TPC detector has many advantages. 

However (low threshold 0.1 keV, high resolution) 

• The gas has small density few events for small 

oscillation lengths 

• One may have to go to higher neutrino energies to 
obtain a sizable cross sections. Longer L require large 
spheres, which are hard to construct. 

• So one may have to consider cylindrical liquid 
detectors, which exist for other purposes. But then the 
threshold is much larger (200 keV) 
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LENA detector :R0 =11m, h=91m 
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The event rate in terms of L 
(u=R0/h=11/91), x=Eν/me, y=Te/m 
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Mono-energetic neutrino sources 
suitable for the LENA detector 
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The rate (R0dN/dL)/gav(R0/h,L/R0) for  51Cr 
(Eν=753 keV) on the left &75Se (Eν=450 keV) 

on the right. ne=2x1029 m-3 ; Tth=200keV 
5 implantations 55 d each 3 implantations 240 d each 
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Part II: (νe, e) scattering for  
oscillations to  a Sterile Neutrino 
measuring*  sin2 (2θ14) and δm2

14 
 

• Motivated by  
The reactor neutrino anomaly and LSND: 
sin2 (2θ14) =0.17±0.1(95%), δm2

14 >1.5 eV2 

 

 *Now δm2  is larger ->The optimal ν-energy can 
be larger->Larger cross sections 
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νe disappearance in the presence of 
sterile neutrinos  
Now δm2

14 >1.5 eV2 <->Eν~MeV,L~1m     

• The sterile neutrinos do not interact, but they 
simply remove flux. So: 

P(νe-> νe)= 1- χ(Εν)  {sin2 (2θ12) sin
2[π(L\L12)]+     

                   sin2 (2θ13) sin
2 [π(L\L13)]} 

                  - sin2 (2θ14) sin
2 [π(L\L14)] 

• Since the oscillation lengths are different 

• P(νe-> νe)= 1- sin2 (2θ14) sin
2 [π(L\L14)] 
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Some sources (0.1 kg) of low energy 
Monoenergetic Neutrinos for meαsuring 

sin2 (2θ14) and δm2
14 (electron recoils) 

To check the Reactor neutrino anomaly  
sin2 (2θ14)= 0.17± 0.01, δm2

14≈1.5 eV2
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Sterile neutrino oscillations: R0=4m,P=10 Atm 
51Cr, Εν =747 keV;  full, dotted, dashed 
curve  sin2(2θ14)=0.27,0.17,0.07 
Oscillation Pattern       (10d) Expected Spectra (55d) 
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Sterile neutrino detection  
via the neutral current interaction 

• Large number of events due to neutron 
coherence 

• Sterile neutrinos do not interact, just they 
take way flux. 
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Sterile neutrino oscillations: R0=4m,P=10 Atm 

Εν =1343 keV; (NC) full, dotted, dashed 
curve  sin2(2θ14)=0.27,0.17,0.07 
  source:65Zn; target  20Ne  source:65Zn; target  4He 
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Detection of sky Neutrinos 
(From outside the solar system) 

• With the exception of SN1987 events, nobody 
has observed such neutrinos 

• The neutron coherence of the neutral current 
leads to large cross sections for observing 
nuclear recoils 

• Supernova neutrinos originating with the galaxy 
(10 kpc) cannot be missed. 
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Advantages  of a detector measuring 
nuclear recoils (Neutral Current interaction) 

• All neutrinos contribute 

• The event rate is not affected by neutrino 
oscillations 

• Ideal probe for the neutrino source 

• The cross section is coherent, i.e. proportional 
to the number of neutrons, N2 

   (The target proton contribution is negligible) 

•  Exploit the technology of dark matter searches 
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Differential cross sections 
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 Normalized SN Neutrino Spectrum 
continuous: νe, dotted: anti-νe, dashed: all others 

            a=μ/Τ=0 a=μ/τ=3 (degeneracy factor) 
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Number of Events: Xe under P=10 Atm 
(to be reduced by 30%(50%) even at Eth=1keV) 

            Formulae  for Xe target, Eth = 0 
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SN neutrinos: Number of events for other gases 
(Since Xe is very expensive!)  

(to be reduced by 10%(30%) even at Eth=1keV)  

    Ar target , Eth = 0 Ne target , Eth = 0 
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Concluding remarks 
  THE NOSTOS Collaboration intends to: 
• Use the Spallation Neutron Source (SNS) at Oak Ridge 

to test the coherent  neutral current detector. 
• Build a  low cost, robust and easily maintainable 

gaseous TPC detector 
   Design it so it can be easily maintained (even by 

students) 
• Utilize a rich neutron target to exploit the coherence 

due to the neutral current. Even for Ar More than 200 
events are expected in SN explosion in our galaxy. 

   Note: 
• No need to go underground. Just 100 m underwater 

to maintain the high pressure 
• A cluster of such detectors could localize SN 
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•THE END 
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