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The Conception of the Lithium Antineutrino Source (1)

7Li(n,ɹ )8Li    Tѹ(8Li) = 0.84 s

Ғ13.0MeV            Ғ6.5 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 ς1) too-small 
hardness of       ςspectrumand 
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,ɹ )8Li    Tѹ(8Li) = 0.84 s
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The Conception of the Lithium Antineutrino Source (2)
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Cross section of Li-7 and Li-8. 

Requirements for Li-7 purification
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The Errors of the 

Reactor Antineutrino 

Spectrum

The density of source from a nuclear reactor
Is determined by its power P and for 
distance R is

[ ] []2 1 2 12 2·   / 4    1.5·10  ] /  [ mn EF ʩm s P R P MW Rp- -= =

·

Where      @6 - mean number of b--decays 
for both fission fragments of 235U,   @200MeV 
- mean energy released at 235U-fission. 
Then, at the power  P= 2800MW (the Bugeu
reactor, France ) and distance R @18 m (as in
the realized reactor experiments on search of 
neutrino. oscillations [4, 5]) the flux is
F @мΦо9Ҍмо ͫƳ-2 -ͫ1. Antineutrinos  emitedat 
b--decay of fission fragments in a nuclear 
reactor have energy ¢10MeV and cross 

n

sections of the interaction 
with protons, electrons and 
deuterons are in the interval 
10-46 -10-43ͫƳ2.
LyashukV.I., LutostanskyYu.S. 
VarXiv:1503.01280v2

Ὁ

LyashukV. I. // Particles and Nuclei, Letters. 
2017. V.14. No.3. p. 465.
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The analytical expressions 
for lithium neutrino fluxes
from differentpartsof the
source are obtained.

It is proposed to use the 
D2O-solution of 7LiOD 
(that allows the save 
the requested enriched 
7Li mass up to ~30 times 



The Requirements to the Active Zone
The main fuel - is enriched 235U. The other main fuel isotopes (238U, 239Pu, 241Pu) are excluded to  simplify 

the evaluation of the total  neutrino spectrum at burning of the fuel. The advantage of the enriched 235U: the 

observed distortion of the reactor antineutrino spectrum in the 5-7 MeV can restricted by decay products only 

single fuel isotope [1].   The next demand to the discussed reactor is the compactness of it's active zone. In 

this case the the lithium blanket can be shifted more close to the reactor core. It means that the volume of

antineutrino source        will be more compact too that is very important for precision of oscillation search. The 

such solution also allows to decrease significantly the requested mass of high purified 7Li. 

The possible examples for the discussed reactor are SM, HFBR and PIK research reactors.

reactor fuel
Volume of 
the reactor 
core, liters

Height of 
the core, 

cm

eeffective
size of the 
core, cm

Max 
thermal 
power, 
MW

Max thermal 
neutron flux 

density

Refe
ren-
ces

SM

235U, 
enrichment-

90%
50 35 пнͻпн100 MW 5x1015cm-2s -1 [2]

HFBR
235U (9.8 kg), 
higlyenriched

~25.4 53
48 (in 

diameter)
60 MW 1x1015cm-2s -1 [3]

PIK

235U, 
enrichment -

90%
50 50 39 100 MW 5x1015cm-2s -1

[4, 
5]

[1] Hayes A C, Friar J L, Garvey G T, Ibeling Duligur, Jungman Gerard, Kawano T, Mills Robert W. arXiv:1506.00583v2; 
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[5] Aksenov V L Reactor PIK.Present status and trends 2014 International Workshop ñCollaboration and Perspectives of Russian and 
Chinese Mega Projectsò December 3-4, 2014, Dubna, Russia. 07
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Generalized Hardness 

of the Total Spectrum

Li
( ) 1

( )
AZ

F r

F r n
=

n

AZLi
( ) ( )Let andr rF F -

n =n

e
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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 hardnessif 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

rF
H r n

rF
=

e
ɜ

- spectrum at the point

( )H r
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cross sections ̀

ςdashed lines.
Count errors ς
solid lines
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Probability Pof         -existence   for the model (3+1), Ethreshold = 3 MeV
hǇǇƻǊǘǳƴƛǘȅ  ɲP  of         -detecting along A-line of the geometry

en
en

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

the functional ɲp(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. ◕▬● [1 ςɻ c ὼὪὭὼ ╟ὼὪὭὼ Ŏɻ● ╟●ȟ
where ɻ c  - count errors; ὼὪὭὼcorresponds to maximal P-value 
close to reservoir position (ὼὪὭὼҒ нл ƳύΦ 

en

Parameters for (3+1)
model 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) -
in Table I; for (3+2)a and 
(3+2)b ςin Table II 11



Probability P
of       -existence   
for the models 
(3+1), (3+2)a, 
(3+2)b. 
hǇǇƻǊǘǳƴƛǘȅ ɲP  

to detect       
along A-line;
Ethreshold=3 MeV

en

en

ɝὴὼ [1 ςɻ c ὼὪὭὼ ὖὼὪὭὼ ρ ɿὧὼ ὖὼ

ɲP> 0

If ɲP> 0,
-detection

Is poissible.
Positive ɲp-
functional values 
indicate X-
coordinates 
where ɲp(x) is 
higher to level-
of-total-
spectrum-errors

en
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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 ςD2O 
solution of LiOD, pumped at w=2.25 m3/s;
7Li purification 0.9999; proton concentration 
in the detector ~6.6Ĭ1022 cm-3 (as in 

KamLANDDetector [1]: 
(80v% of normal-Dodecane+ 20v% of Pseudocumene)

[1] KamLANDRCNS Group collaboration, 
An overview of the KamLAND1-kiloton 
liquid scintillator, ArXiv0404071

Reservoir 
position

ev

A

B

(A)

(B)

Lithium       -flux strongly dominates overthe active zone 
neutrinos thank to geometricalfactor (detector position)
and transferof lithium in the close loop.

ev
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Probability Pof -existence for models (3+1), (3+2)a, (3+2)b (top line ςsee figures 
(a), (c), (e)) and
Opportunity ɲP  of        -detecting (bottom line ςsee figures (b), (d), (f))for 
thresholds of registrationE= 3, 4, 5, 6 MeV. 
The results are given for A-line geometry [1]

ev

ev

[1] V.I.Lyashuk, JHEP06(2019)135
The investigated geometry:
A-lineόάŘέ-detector position Y=1 m);
B-lineόάŘέ-detector position Y=2 m);
C-lineόάŘέ-detector can be shifted 
ortogonalto delivery channel 14



Target

D2O
(moderator, 
target cooler)

Lithium
blanket

Shield

Neutrino
detector

Proton beam

Accelerator scheme of the Li-8 

antineutrino source (1). 
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Blue - Li-8 yield

for  W-target

Violet - Li-8 yield

for  Pb-target

Green - Li-8 yield

for  Bi-target

Accelerator scheme of the Li-8 antineutrino source (2). Yield 

of Li-8 in case of W, Pb and Bi-targets.
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1 - W-target
2 - D2O-channel
3 - LiOD-volume (lithium blanket
with LiOD9.46% solution in D2O)
Hc=338 cm
Rc = 182 cm
ht = 30-40 cm
Ep = 200 MeV

kp~ 0.26 (Yield of Li-8 

per proton)
(2.1E+23 ςantineutrino fluence 
during 5 years at 1 mA current 
and for the 80% of used time
of the accelerator)

V.I. Lyashukand Yu.S. Lutostansky. 
Bull. Russ.Acad. Sci. Phys, 2015, vol.7, 
p.431ς436.

Accelerator scheme of the Li-8 antineutrino 

source (3). The cylindrical geometry.
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The boundaries of 
105-cylindrical-cells in the 
blanket volume are indicated as 
dashed lines. 
The volume regions 
corresponding to 
90%, 80% and68% yields 
(of the total 8Li yield in the 
blanket volume) are shown by   
halftones (as n1, n2, n3). 
The data are obtained for 
proton energy 200 MeV.

Lyashuk V. I. // Results in Physics, v6, 2016, p 961; Lyashuk V. I. arXiv:1609.02127. 2016

Accelerator scheme of the Li-8 antineutrino source (4). 

Geometry of the lithium blanket, proton beam channel and 

tungsten target.

136 cm
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On the left to the proton beam
(Y1 axis): 8Li yield normalized 
per unit. On the right (Y2 axis): 
density of 8Li yield. 
Blue line on the horizontal plane 
is the blanket cross section. 
Histograms with black top 
correspond to 68% of total 8Li 
yield in the blanket.

Blanket - 9.5% LiOD solution

Lyashuk V.I. Result in Physics, 2016. 6. 961.
Lyashuk V.I. arXiv:1609.02127 [physics.ins-det]. 2016.

Accelerator scheme of the Li-8 antineutrino source (6). 

Histograms for Density of Li-8 yield and Li-8 yield in the cells.

19


