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The Conception of the Lithium Antineutrino Source (1) 
       7Li(n,γ)8Li    T½ (8Li) = 0.84 s      
 
      ≈ 13.0 MeV                         ≈ 6.5 MeV 
   ( large high cross section for high energy of            ! ) 
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Alongside with the obvious  
advantage on  a neutrino flux  
the nuclear reactor has a  
disadvantage – 1) too-small  
hardness of –spectrum and  
2) significant errors.  
This disadvantage  can be filled  
having realized the idea to use a  
high-purified isotope of 7Li for  
engineering  of a  
neutrons-to-antineutrino  
Lithium Converter.  
The idea to use 8Li isotope  
as neutrino source was  
originated by  
L.A. Mikaelian, P.E. Spivak  
and V.G.Tsinoev 
(L.A. Mikaelian, P.E. Spivak,  
And V.G, Tsinoev, Nucl. Phys,  
v.70, p.574 (1965). 
 

7Li(n,γ)8Li    T½ (8Li) = 0.84 s 
 
   ≈ 13.0 MeV              ≈ 6.5 MeV max
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The Conception of the Lithium Antineutrino Source (2) 
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Generalized Hardness  
of the Total Spectrum 
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 - densities of lithium antineutrinos flux from the  
blanket and antineutrino  fluxes from the active zone (AZ),  

6.14 - number of reactor        emitted per one fission in AZ.  

equals one unit of hardness if the ratio of densities is: 

We admit that the hardness of the summary 

This definition is convenient as in so doing the averaged (over the blanket volume) value  
for the total spectrum generalized hardness of steady spectrum sources is estimated by  
the value the efficiency k  of the blanket.  

Then the generalized hardness 
 of the total spectrum is:  

Li

AZ

( )
.( )

( )
v

rFH r n
rF

=






eν
- spectrum at the point  

( )H r

09 



cross sections σ 
– dashed lines. 
Count errors – 
solid lines 
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HARDNESS H of the total        -spectrum    and total       -spectrum  
(from Active Zone and from 8Li in the dynamical system)  

eν

eν

Dependence of hardness H from x-coordinate  
at shifting along the line A  

Total       -spectrum for different hardness H 
(blue lines) as sum from active Zone (AZ) and 
from 8Li in the installation (dynamical system) 

eν
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Probability P of         -existence   for the model (3+1),    Ethreshold = 3 MeV 
Opportunity  ΔP  of         -detecting along A-line of the geometry 

eν
eν

For evaluation of possibility to  
detect oscillation            to  
sterile neutrinos depending on 
Coordinates, let us introduce  

the functional Δp(x) for  
opportunity of registration.  
We will compare the maximal  P  

value with the current P(x) along   
the indicated line (example for  
A-line) of the Installation  
geometry. 𝜟𝜟𝒑𝒑(𝒙𝒙) = [1 – δc(𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓)]  × 𝑷𝑷(𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓)  − [𝟏𝟏 + δc(𝒙𝒙)] × 𝑷𝑷(𝒙𝒙),  

where δc  - count errors; 𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 corresponds to maximal P-value  
close to reservoir position (𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 ≈ 20 m).  

eν

for (3+1) model [1]: 

[1] J., Kopp,  M.  
Maltoni, T.  Schwetz 
Phys. Rev. Lett. 107,  
091801, DOI: 
10.1103/ 
PhysRevLett.107. 
091801 
Best fit data for (3+1) 
model in Table I 12 



Probability P of    
      -existence   for the  
model (3+1), Ethreshold= 3 MeV  
Opportunity  ΔP  of          
      -detecting along A-line 

eν

eν
For evaluation of possibility to  
detect oscillation            to  
sterile neutrinos depending on 
Coordinates, let us introduce  
the functional Δp(x) for  
opportunity of registration.  
We will compare the maximal  P  
value with the current P(x) along   
the indicated line (example for  
A-line) of the Installation  
geometry. 

Δ𝑝𝑝(𝑥𝑥) = [1 – δc(𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓)]  × 𝑃𝑃 𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 − [1 +  δ𝑐𝑐 𝑥𝑥 ] × 𝑃𝑃 𝑥𝑥 , 
   

where δc  - count errors;  
𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 corresponds to maximal  
P-value close to reservoir  
position (𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 ≈ 20 m).  

eν

positive Δp-functional values indicate X-coordinates  
where Δp(x) is higher to level-of-total-spectrum-errors 
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Probability P of    
      -existence   for the  
model (3+1), (3+2)a, (3+2)b.  
Opportunity  ΔP  of          
      -detecting along A-line 

eν

eν
For evaluation of possibility to  
detect oscillation            to  
sterile neutrinos depending on 
Coordinates, let us introduce  
the functional Δp(x) for  
opportunity of registration.  
We will compare the maximal  P  
value with the current P(x) along   
the indicated line (example for  
A-line) of the Installation geometry  
at  pumpimg rate w =  2.25 m3/s. 

Δ𝑝𝑝(𝑥𝑥) = [1 – δc(𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓)]  × 𝑃𝑃 𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 − [1 +  δ𝑐𝑐 𝑥𝑥 ] × 𝑃𝑃 𝑥𝑥 , 
   

where δc  - count errors;  
𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 corresponds to maximal  
P-value close to reservoir  
position (𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 ≈ 20 m).  

eν

Parameters  for (3+1), (3+2) model  [1]: 

[1] Joachim Kopp, Michele Maltoni, and Thomas Schwetz 
Phys. Rev. Lett. 107, 091801, DOI: 10.1103/PhysRevLett.107.091801 
Best fit data for the models (3+1) and (3+2)a – see in Table I. 
Best fit data for the model (3+2)b – see in Table II. 14 



Probability P of    
      -existence   for the  
model (3+1), (3+2)a, (3+2)b.  
Opportunity  ΔP  of          
      -detecting along A-line 

eν

eν
For evaluation of possibility to  
detect oscillation            to  
sterile neutrinos depending on 
Coordinates, let us introduce  
the functional Δp(x) for  
opportunity of registration.  
We will compare the maximal  P  
value with the current P(x) along   
the indicated line (example for  
A-line) of the Installation geometry  
at  pumpimg rate w =  2.25 m3/s. 

Δ𝑝𝑝(𝑥𝑥) = [1 – δc(𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓)]  × 𝑃𝑃 𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 − [1 +  δ𝑐𝑐 𝑥𝑥 ] × 𝑃𝑃 𝑥𝑥 , 
   

where δc  - count errors;  
𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 corresponds to maximal  
P-value close to reservoir  
position (𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 ≈ 20 m).  

eν
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Probability P  
of       -existence    
for the models  
(3+1), (3+2)a,  
(3+2)b.  
Opportunity ΔP   
to detect        
along A-line; 
Ethreshold =3 MeV 

eν

eν

Δ𝑝𝑝(𝑥𝑥) = [1 – δc(𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓)]  × 𝑃𝑃 𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 − [1 +  δ𝑐𝑐 𝑥𝑥 ] × 𝑃𝑃 𝑥𝑥  

ΔP > 0 
If ΔP > 0, 
      -detection 
is 
poissible 

eν
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The “orthogonal” 
way to increase the 
OPPORTUNITY ΔP  of  
       -detecting: to 
increase the Ethreshold 
of registration 
 
Probability P of 
       -existence  
for the model (3+2)b.  
 
E (threshold of 
registration) = 3, 4, 5  
and 6 MeV. 
The results are given  
for the A-line  
heometry 

ev

ev

Reservoir 
position 
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The “orthogonal” 
way to increase the 
OPPORTUNITY ΔP  of  
       -detecting: to 
increase the Ethreshold 
of registration 
 
Probability P of 
       -existence  
for the model (3+2)b.  
 
E (threshold of 
registration) = 3, 4, 5  
and 6 MeV. 
The results are given  
for the A-line  
geometry 

ev

ev

Reservoir 
position 

ΔP
 >

 0
 

If ΔP > 0, then         -detection 
is poissible 

eν
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Probability P of        -existence for models (3+1), (3+2)a, (3+2)b (top line – see figures 
(a), (c), (e)) and 
Opportunity  ΔP  of        -detecting (bottom line – see figures (b), (d), (f)) for  
thresholds of registration E = 3, 4, 5, 6 MeV.  
The results are given for A-line geometry [1] 
 

 

ev

ev

[1] V.I.Lyashuk, JHEP06(2019)135 
The geometry: 
A-line (“d”-detector position Y=1 m); 
B-line (“d”-detector position Y=2 m); 
C-line (“d”-detector can be shifted  
ortogonal to delivery channel 19 



functional ΔP(x) =[1 - δC (xfix)] P(xfix) - [1 + δC(x)] P(x) for    
opportunity of detecting based on comparison of the maximal P with the current P(x) along  
A-line (δC - count errors; coordinate xfix corresponds to maximal P value close to reservoir ~ 20m.   

Probability P of       -existence for models: (3+1), (3+2)a, (3+2)b and Opportunity  ΔP  of detecting 

along line B. E (threshold of       registration) = 3 MeV Probability P of -existence for 
three models [(3+1), (3+2)a  
and (3+2)b on the part (a)],  
hardness H of the total  
spectrum [part (a)], count  
errors δC (caused by uncerta- 
inties of AZ spectrum)  
[part (a)] and functional ΔP(x) 
 for opportunity of neutrino 
detecting [part (b) for models:  
(3+1), (3+2)a and (3+2)b]  
depending on the X coordinate 
 along line B (see geometry  
of installation) and w = 2.25m3/s. 
Probability P, count errors δC  
and functional ΔP  are given for 
the threshold of registration E 
= 3 MeV. The data are given for 
reactor bump taken into 
account. Curves with ponts – 
case without the bump. 

(see installation geometry) 

ev
ev

Reservoir position 
X coordinate along line B (m) 

co
un

t 
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Functional ΔP(y) =[1 - δC (xfix; y=1m)] P(xfix; y=1m) - [1 + δC(xfix ; y)] P(xfix ; y)   for    
opportunity of detecting based on comparison of the maximal P with the current P(xfix ; y) along  
C-line (δC - count errors; xfix corresponds to maximal P(x; y=1) value close to reservoir: xfix ~20m.   

Probability P of       -existence for models: (3+1), (3+2)a, (3+2)b and Opportunity  ΔP  of detecting 

along line C. E (threshold of       registration) = 3 MeV Probability P of -existence for 
three models [(3+1), (3+2)a  
and (3+2)b on the part (a)],  
hardness H of the total  
spectrum [part (a)], count  
errors δC (caused by uncerta- 
inties of AZ spectrum)  
[part (a)] and functional ΔP(x) 
 for opportunity of neutrino 
detecting [part (b) for models:  
(3+1), (3+2)a and (3+2)b]  
depending on the X coordinate 
 along line C (see geometry  
of installation) and w = 2.25m3/s. 
Probability P, count errors δC  and 
functional ΔP  are given for the 
threshold of registration E = 3 
MeV. The data are given for 
reactor bump taken into account.  

ev
ev
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Densities of     -fluxes and number of (    ,p) events in the detector    ev

The densities of        -fluxes  
[from antineutrinos of active zone 
(AZ) and from the whole mass of 
8Li in the installation] and hardness 
H  of  the total   -spectrum 
depending on X-coordinate along 
line A 
 
and 
  

number of events in the detector 
 
 

ev

The results obtained for: detector shifted  
along the A-line; lithium substance – D2O  
solution of LiOD, pumped at w=2.25 m3/s; 
7Li purification 0.9999; proton concentration  
in the detector ~6.6×1022 cm-3 (as in  
KamLAND Detector [1]:  
(80v% of normal-Dodecane + 20v% of Pseudocumene) 
[1] KamLAND RCNS Group collaboration,  
An overview of the KamLAND 1-kiloton liquid 
scintillator, ArXiv 0404071 
 

Reservoir  
position 

ev
A 

B 

(A) 

(B) 
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- It was considered and simulated an intense antineutrino source with 
 hard spectrum owing to transfer of created 8Li isotope to the remote  
 detector. 
- The source ensures the high flux and rate of counts ~ 10E+4 (in the  
 detector volume ~1 m3 per day and GW of the reactor power). 
- Owing to the well defined antineutrino spectrum of 8Li the errors of 
 the counts in the total spectrum can be decreased in order of value  
(up to ~ 0.5%). 
- It is  shown the possibility to detect sterile neutrinos with  
  ∆m2 ~ 1 eV2 for the models (3+1) and (3+2) basing on the considered  
 antineutrino source with regulated spectrum.  
- For the geometry of the discussed antineutrino source it is indicated  
  the space region for search of electron antineutrino disappearance  
  outside of interval of antineutrino spectrum errors.  

Conclusion 

23 



 
Thank you a lot  

for attention ! 
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