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The Conception of the Lithium Antineutrino Source (1)

Li(nd)8Li - T,(Li) = 0.84s °Li- "Be+e H/,

EJ'°F 13.0MeV E; F 6.5 MeV
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number of antineutrinos, (1/MeV)

The Conception of the Lithium Antineutrino Source (2)
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Li(n)BLi - T,(Li) = 0.84 s
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Alongside with the obvious
advantage on a neutrino flux
the nuclear reactor has a
disadvantage 1) too-small
hardnesf Ve ¢spectrumand
2) significant errors

This disadvantage can be fille
having realized the idea to use
high-purified isotope of'Li for
engineering of a
neutronsto-antineutrino
Lithium Converter.

The idea to uséLi isotope
as neutrino source was
originated by
L.A.Mikaelian, P.E Spivak
and V.G.Tsinoev
(L.A.Mikaelian P.ESpivak
And V.GTsinoeyNucl Phys
V.70, p.574 (1965).
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Cross section of Li-7 and Li-8.
Requirements for Li-7 purification
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Scheme of the Antineutrino Source with
Nonregulated 1 — Spectrum

Li-D,0-scheme

D,0-Li-scheme Li-blanket

Blanket in the Li-D,0 scheme is more compact in comparison with D,O-Li scheme and requests the less mass of pure “Li.
In the calculation the layer Lg was varied up to 170 cm and L, —up to 30 cm. Ry, = 23 cm (as for the reactor PIK).

It was assumed that one fission-spectrum neutron was escaped from active zone per fission in the active zone.

The D,0 acts as an effective moderator in D,0O-Li-scheme and as a reflector in the Li-D,0-scheme.

In IAE in 70-th it was considered proposal to install lithium blocks into pulse reactor RING

Vorob’ev et al. The pulse reactor RING. Preprint IAE, 2384 (1974) (in russian
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The Errors of the
Reactor Antineutrino
Spectrum

3(5) >3%Pu (experiment) [1]

80 241Pu (experiment) [1]

75 *3U (experiment) [1]
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The density of source from a nuclear reactor
|s determined by its power P and for
distance R is

Fifpni- §=n /4#p ’ER 1.510° [ P] MW[m|

/

Wheren @6 - mean number ob-decays
for both fission fragments ¢fU,0@00MeV
- mean energy released atU-fission.

Then, at the powerP= 2800MW (the Bugeu
reactor, France ) and distané&@l8 m (as in
the realized reactor experiments on search
neutrino. oscillations [4, §]the flux is

F@n ® o 9 binb Amtin¥utrinos emited at
b-decay of fission fragments in a nuclear
reactor have energ¢ 10 MeV and cross
sections of the interaction
with protons, electrons and

J

( calculations:
239pu 2]

- /
charged channel /’
“"llnpslmld =40MeV) |,

deuterons are in the interva
24lpu 2] | 1046-10%m Y.

235y 21 | LyashukV.l., LutostanskyYu.S
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Scheme of the neutrino source with regulated spectrum

NEUTRINO DETECTOR o

The analytical expressions il
for lithium neutrino fluxes
from differentpartsof the
source are obtained.

—

—

” PUMPED VGLUMEF T P
(RESERVOIR} v e
R T
It is proposed to use the
D,O-solution of ’LiOD
l' DEVICES FOR
j,,-r'T"’ MAINTENANCE OF THE REGIME (that allows the save
T (PUMPING OF THE LITHIUM,
LITHIUM|  \NEUTRON SOURCE TEMPERATURE CONTROL, t h_e requested enri Ched
BLANKET) (ACTIVE ZONE) TRITHIUM RECOVERY ET AL.) Li mass up to ~30 times

Scheme of the neutrino source with variable spectrum. Lithium in the blanket (activated by neutrons from the source -
reactor active zone) is pumped continuously through the delivery channel to the remote volume (reservoir, which is set
close to the neutrino detector) and further back to the blanket. The rate of pumping can be smoothly varied by the

installation for maintenance of the regime.

Lutostansky, Yu.S. and Lyashuk, V.., Bull. Russ. Acad. Sci. Phys., 2011, Viol. 75, No. 4, pp. 468.
V. I. Lyashuk, Yu.S. Lutostansky. The Conception of the Powerful Neitrino Source..Preprint ITEP-38-97;

http://lss.fnal.sov/archive/other/itep-38-97.pdf 07



The Requirements to the Active Zone

The main fuel - is enriched 23°U. The other main fuel isotopes (?38U, 239Pu, 241Pu) are excluded to simplify
the evaluation of the total neutrino spectrum at burning of the fuel. The advantage of the enriched 23°U: 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 “Li.

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

Volume of | Height of| eeffective ax Max thermal
: thermal
reactor fuel the reactor| the core,| size of the neutron flux
core, liters core, cm | POWeL density
) ) MW
235U’

<1\ enrichment- 50 35 NnHOMHIO0O MW  5x10cm?st [
90%
23 I
HE BRI N AL P 53 48N e MW 1x10%cmzst [
iglyenriched diameter)

[1] Hayes A C, Friar J L, Garvey G T, Ibeling Duligur, Jungman Gerard, Kawano T, Mills Robert W. arXiv:1506.00583v2;
[2] http://www.niiar.ru

[3] Shapiro S M, BNL-61645. http://www.iaea.org/inis/collection/NCLCollectionStore/ Public/26/074/26074008.pdf

[4] Konoplev K.A. http://www-pub.iaea.org/MTCD/publications/PDF/P1360_ICRR_2007_CD/datasets/K.A.%20Konoplev.html

[5] Aksenov V L Reactor PIK.Present status and trends 20141 nt er nati onal Wor kshop fACol |l abaor.-a
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STERILE NEUTRINO MODELS (3+1) and (3+2). PROPOSED SOURCE for

SEARCH of NEUTRINO at Am? ~ 1 eV? [1]. Joachim Kopp, Michele Malfoni, and
Thomas Schwerz. Are there sterile neutrinos
at the eV scale? arXiv:1103.4570v2 [hep-ex];
[2]. J., Kopp, M. Maltoni, T. Schwetz.

Phys. Rev. Lett. 107, 091801,

DOI: 10.1103/PhysRevLett.107.091801

from Table I [1]. Taking into account the
reactor anti-neutrino data

Amiy [eV?]  |Uea| Amii [eV?] |Uss
3+1 1.78 0.151)
3+2 0.46 0.108 0.89 0.1‘34)

0-86 Tl | 11 | 11 | T | 11 | 11 | T | I'T1 I | 11 |
from Table II [1]. From global fit taking
o 1 2 3 4 5 6 7 8 9 into account LSND, MiniBooNE
L(m)/E(MeV) _ e Am3y |Uea| Ami, |Ues |
e C — 4 (3+2 047 0.128 087 0.133)

[ AZ shield lithium blanket

Installation:
____________ ) —/— — —pa,— Lithium antineutrino

= = = source with regilated
L (length of the delivery channel) R voi . .
' > \’f_L@ spectrum. In the simulation

the volume rate of pumping
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X (m)
The distance L4 corresponds to the time 1 s of Li-delivery from the blanket to reservoir for appointed w rate.
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Generalized Hardness H(r)
of the Total Spectrum

]
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number of antineutrinos, (1/MeV)

Let F (F) and F(F)- s

- densities of lithium antineutrinos flux from the °° 2° ;fmgyﬁ-:fv?f[Mg?"lO
blanket and antineutrino fluxes from the active z@k#),
N, = 6.14- number of reactor3_ emitted per one fission in AZ.

We admit that the hardness of the summary §e- spectrum at the point r

. | | .. F.(F) 1
equals one unit of hardnes the ratio of densities is L~ = —
I:AZ (r ) nn

Then the generalized hardness H (f) - F Li(r)

of the total spectrum is: Y E . (F)

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. 9
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) Ethreshold : y = ] é
COUNT ERRORS inthe -~ | 2'\'\28\\; B, .
! P ] |
TOTAL SPECTRUM with 2 30 ; MZV - g ~ - 13 g %
" = o ] w&
HARDNESS H(r) = | 3Mev& L 1 5%
g L 41 A&
o 201 - ; S . =7 g g
i ~ 7~ 7 - crosssections ] 3 E
) - A . ] & 2
=) . ‘00 A 3 édas:]ed lines. ] 1 § 2
Basing on the hardness B # 3 ounterrorsg 1" - o
definition L S s solid lines ;
.. _ Fu) O e T—m—xu —=1¢
H(r) =Nny———— 0.0 2.0 4.0 6.0
F AZ(” ), hardness of the total Ve -spectrum

it is possible to write the density of the total Ve —flux in the point 7 :
o . Pz (7
Fi5(F)=Fay (F) + HF) x222)
n

where  Faz (7) - density of the Ve -flux from AZ, H - generalized hardness in the point r.
As the cross section is the additive value then for total -spectrum we can write:

- __ AZ — Li
Op(F)=0yp+ H(F)X0p,p.
At increase of H-value the strong rise of the cross section is caused by enlarged part of Li- Ve.
The cross section and count errors in the total spectrum was obtained for thresholds

Eihreshold= 4, 5 and 6 MeV and it confirmed that Li yield strongly dominates the reactor part
at increase the threshold. Lyashuk V.I. Results in Physics 7, 1212 (2017); arXiv: 1809.05949
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Probability Pof /7e -existence for thanodel (3+1), Ei eshoq= 3 MeV
h LILJ2 NI dayf k74l -8etecting along Aline of the geometry

For evaluation of possibilityto -~ /35 ‘__4
detect oscillation 77 to > 090 1, Fas €
sterile neutrinos c{gpending on Zoss| : 2
Coordinates, let us introduce o7 15 F %
® 0.96 3, @ F? 3§
the functlonalﬂp(X) for £ oesl 1’ s b ow
opportunity of registration. > 0.94 - 1% Lis ,,é
We will compare the maximaP = °®F E LA AP
092 . - @
. > i Hardness H A - 4
value with the_currenP(X)anng Zonil /. [ os Lo
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A—llﬂE) Of the Insta”ation X coordinate on the line A of the installation geometry, (m)[detector positionXﬁszO m]
geOMelY. | smme  [1Gl Gons || Gone tge |Feh Parameters for (3+1)
wherel . - count errors;wy-ogprresponds to maximalkfPalue | model model [1]:
close to reservoir positiordygk, HA1 YU @ [1] J., Kopp, M.
3| oz AZshield lithium blanket " 7 Maltoni, T. Schwetz
2 ___":(:‘_‘ hne—‘i\ —G PhyS Re\Lett 107,
- 1-_/- _______________ @) 7~ — _1a— 091801, DOI: 10.1103/
~ of = & = = =~ o PhysRevLett.107.
I :_|:k ,g\__/{j/f‘[ L, (length of the delivery channel) o rﬂen—ogﬁ' 091801
“F \I‘R_ [ 1| 0 [ T [T T I B T T I_I IJIKIr [ T Sl (3+1-)

[ ] c .
6 7 & 9 10 11 12 13 14 13 16 17 18 19 20 21 22 23 24 25 26 27 28 In Ta'ble_ I’ for (3+2)a an
X (m) (3+2)bcin Table Il 11
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Densities of Ve-fluxes and number of (¥e,p) events N the detector

The densities oVe-fluxes (A) ~ 11 42 ﬂ”fafﬁ/fe@ fotal flux for E - A-_zs
[from antineutrinos of active zone ¥ 1E+013; = 'V'eV ZaMeV’ .
(AZ) and from the whole mass of % ;g,g120 %ﬁ&m VY, > o
8Li in the installation] and hardnes: & N\ T -
H of the total -spectrum - E s e , B -, 8
depending onX-coordinate along % 1E+010 >6MeV/ 7= 05
line A TN TN v PP oo reveeseereeeest
0 5 10 15 20 25 20 35 40 45 50
and 6 X coordinate on the line A (i) Reservoir
;10 % position

number of events in the detecto{B) © 4o8l\\\_ e events for £y 2EMeV,

>
The results obtained for: detector shifted S
along the Aline; lithium substancg D,O
=
@
C
>

solution ofLiOD pumped at w=2.25 ffs; " from AZ for _
‘Li purification 0.9999; proton concentratio € 1g2L Ev: -
in the detector ~6.610%2cm3 (as in 5 f :
KamLANDetector [1]: =10 'é"'a'o"'a'f;' "z'd"'z's'"é'd"é's" W0 45
(80v% of normaDodecane+ 20v% oPseudocumene 12 X coordinate on the line A (m)

[1] KamLANIRCNS Group collaboration, Lithium Ve -flux strongly dominates ovethe active zone

An overview of thekamLAND-kiloton neutrinos thank to geometricafactor (detector position)
liquid scintillator ArXiv0404071 and transferof lithium in the close loop. 13



Probability Pof v -existence for model$3+1), (3+2, (3+2)b(top line ¢ see figures

(a), (c), (e)pnd

Opportunity ns of Ve -detecting(bottom line ¢ see figures (b), (d), (ffpr
thresholds of registrationE= 3, 4, 5, 6 MeV.

The results are given fok-line geometry [1]

hardness H
nardness

0. probability P
T ﬁ'

0, probability P
Oc _probability F

! (3+1)model for E=6MeV/, 1F \(3+2)a-modeifor 6 MeV, errors for E = {[ \(3+2)b-model for: 4 MeV, N
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- 2094 E < — ] 34 =0
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o 0.92f E ] —131 5
1F I ir L 1.3
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X coordinate on the line A (m)

[1] V.I.LyashukJHEP06(2019)13

X coordinate on the line A (m)

5

AZ shield lithium blanket

X coordinate on the line A (m)

-\ -

The investigated geometry: i
A-line 6 a-Befector positiony=1 m); NN wm-/|--m-

B-line 6 G-Befector positionY=2 m);
Gline 6 d-Befector can be shifted

ortogonalto delivery channel

L, (length of the delivery channel)

— — —
o\ rescrvtm
=

—

Y (m)
R R R T . - SN

o [TTTTTTTTITITTTTI T T
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10 11 12 13

X (m)
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Accelerator scheme of the Li-8
antineutrino source (1).

Proton beam

Neutrino
detector

moderator,
target cooler)

Target

Shield
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Accelerator scheme of the Li-8 antineutrino source (2). Yield
of Li-8 in case of W, Pb and Bi-targets.

0.8 7
N Blue - Li-8 yield
0.7 — for W-target
_ _
g 0.6 Violet - Li-8 yield
= 7 for Pb-target
2054
© Green - Li-8 yield
NS 0.4 for Bi-target
S
E 0.3 =
2
>~ 0.2 -
0.1 7

I ' I ' I ' I ' I
S0 100 150 200 250 300
Energy of proton, MeV

profile of the
7-Li blanket and target

] B

neutron flux escaped
170
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scattered back
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Accelerator scheme of the Li-8 antineutrino
source (3). The cylindrical geometry.

1 - W-target

2 - D,O-channel
3 - LiODBvolume (lithium blanket?
with LiOD9.46% solution in fD)
H=338 cm

R.=182cm

h, = 3040 cm

Ep = 200 MeV

Rc

\

k,~0.26 (Yield of 1-B

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

X
L““““““‘“““““\\‘\“““‘\‘
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V.I.Lyashukand Yu.SLutostansky
Bull. Russ.AcadSci. Phys, 2015, vol.7,

p.431c436. 17
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Accelerator scheme of the Li-8 antineutrino source (4).
Geometry of the lithium blanket, proton beam channel and
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Lyashuk V. I. // Results in Physics, v6, 2016, plS&khuk V. I. arXiv:1609.02127. 2016



Accelerator scheme of the Li-8 antineutrino source (6).
Histograms for Density of Li-8 yield and Li-8 yield in the cells.

Blanket- 9.5% LiIOD solution

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 plan
Is the blanket cross section.

Histograms with black top
Lyashuk V.I. Result in Physics, 2016. 6. 961. correspond to 68% of total 8Li

Lyashuk V.arXiv:1609.02127 [physics.wdgt]. 2016 yield in the blanket 19



