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number of antineutrinos, (1/MeV)

IDEA of the LITHIUM CONVERTER

Li(n,y)*Li T, (Li) = 0.84

EM™~13.0MeV E; ~6.5MeV

Alongside with the obvious
advantage on a neutrino flux
the nuclear reactor has a
disadvantage — 1) too-small
hardness of —spectrum and

2.5 | | | | | | | | | | |
2 V, -spectrum "
from 235U V., -spectrum
/ per fission from 8Li
1.5 /

U

S
W

-
o
(\®)
-}

40 60 80 10.0 12.0
Energy of V,, [MeV]

2) significant errors.

This disadvantage can be filled
having realized the idea to use a
high-purified isotope of ’Li for
engineering of a
neutrons-to-antineutrino

Lithium Converter.

The 1dea of neutrino source
based on 8Li decay 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). 3



STATIC REGIME of the OPERATION

Geometry A Geometry B
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In a reactor neutrons flux a short-lived isotope "Li(Ts= 0.84 s) is created in the reaction 'Li(n,y)’Li and
at B’-decay emits hard antineutrinos jy, of a well determined spectrum with the maximum energy

E7"=13.0 MeV and mean energy £ .= 6.5 MeV.

In the calculation it was considered the next values: L =130, 150, 170 cm, L = 30, 15 cm. R, = 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,O acts as a reflector in the geometry A and as an effective moderator in geometry B.

Bopoobes E.JI. u ap. UmnyabcHbiil peakrop PUHI'. Ilpenpunt UAD, 2384, 1974 4
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XPOHOJIOTHYECKH.
1934 r. Bethe H.A. and Paierls R. The “neutrino”.// Nature, 1934,
V.133, P.523, 689-690.

Paccmotpen [ -pacman

A(Z,N) — A(Z+1,N-1)+¢e + Ve u BO3MOXKHOCTH OOPATHOI
peaxus C Ve (MCXOIS U3 MIPUHIINIIA IETAJIEHOTO PABHOBECHS ):
A(Z+1,N-1) + Ve > A(Z,N) +¢e' u

A(Z+1,N-1)+e + Ve — A(Z,N) (BBIHYX/IEHHBIN 3aXBaT
opOuTtansHOro eKkTpoHa; Pepmu D. AnepHas dpusuka. [lep. ¢ anrm.
M. Unoctp. JIut-pa, 1951; Mukasnsan JI.A., Ilunoes B.I'., bopoBoii

AA.//AD, 1967, 1.6, ¢.349)
HanOonpiiee BHUMaHUE MPUKOBAHO K PEaKIINU

V + ¢ 2 w
Ve+p—n +e (maubonee “noctymHas’ B HEUTPUHHBIX
AKCOEPUMEHTAX Ha PEAKTOPE)
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OCHOBHBIE PE3YIBTATHI 11O
U3MEPEHUIO CCUCHUS

Ve+p—n +e (Epp=1.8MeV)
MOJTy4eHBI Ha peakTope (PeiHec u
KoysH, He3puk u Pelinec, MAD) :
(~ (5+6)10™" cv*/nenenne, 6>
~3+4% ?)

- MpO0JIeMbl HEUTPUHHOU
TUATHOCTHKH PEAKTOPOB.

Kananel B3aMMOAEUCTBUSA C AAPOM
(Ha mMpUMEpPE OEUTPOHA):

Vetrdo>n+n+e (cc) (Enwp=4.0MeV) o= (3+4)10™ cm*/nen.
Vet+td —>n+ p+ Ve (nc¢) (Enpp=2.23MeV) o= 10** em*/nen.

Heynpyroe paccesnue Ve Ha sape (M3y4eHUE HEUTPAJIbHBIX TOKOB):
~ . . S . ~ 1
Hampumep, Ve+ 'Li — 'Li* + Ve — 'Li* + Ve +v (E=478 keV)



TNHOOTE3A O CYIIIECTBOBAHHUU CTPEPUIBHBIX HEUTPUHO

IIpo6aema anHoManuii B perUCTPUPYEMOMO MOTOKE HEUTPHHO:

LSND (u30bITOK ﬁe),MiniBooNe, MicroBooNe.
AguilarA. et al. // Phys. Rev. 2001. V. D64. P. 112007.

Aguilar-Arevalo A.A. et al. // Phys. Rev. Lett. 2010. V. 105. P. 181801.

SAGE, GALLEX (“rannuesas anoMmanus’ : ae@uuut(13+5%) v. )
Abdurashitov J.N. et al. // Phys. Rev. 2006. V. C73. P. 045805
Kaether F. et al. // Phys. Lett. 2010. V. B685. P. 47-54.
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O BO3MOKHBIX OCHUJIISAIUASAX B AHTUHEMTPUHOM CHEKTPE Li-8

B MOJEJSIX (3+1) u (3+2) IPU Am2 ~ 1 eV?2
1

[1]. Joachim Kopp, Michele Maltoni, and
Thomas Schwetz. Are there sterile neutrinos

1\ s at the eV scale? arXiv:1103.4570v2 [hep-ex];
0.99 |} [2]. A. Bungau, et al. Proposal for an Electron
0.98 | Antineutrino Disappearance Search Using
T High-Rate 8Li Production and Decay //
0.97 7] PRL 109, 141802 (2012)
0.96 - from Table I [1]. Taking into account the
. reactor anti-neutrino data
0.95 i Am}y [eV?]  |Uea| Amii [eV?]  |Ues|
0.94 - 3+1 1.78 0.151 )
0.93 - (3+2 0.46 0.108 0.89 0.124)
0.92 from Table II [1]. From global fit taking
0.91 N into account LSND, MiniBooNE
0.9 . Am3y |Uea| Amiy |Ues|
0.89 — (342 047 0.128 0.87 0.138)
0.88 _ (P(3+1) =1-4|U42(1 - |Uyy?) Sin2(1.27*Am24l*L/E;
0.87 , )
0.86 ] Paigy=1- 4{(1 - |Uegl™= [Uegs|?)*
00 ] (|U4Sin?(1.27*Am?, *L/E) +
0.85 T[T T[T T[T [TT T[T T [TIT[TTT[TTT[TTT] (|U,s/?Sin?(1.27*Am?, *L/E) +
0 1 2 3 4 5 6 7 8 9 10 | |UyP|Ues?Sin2(1.27*Am> *L/E)}
\.

L(m) / E(MeV)
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NEUTRON CROSS SECTION for ®Li and “Li

o,b

10000 —=
= Ga(ﬁLi)/GnY(7Li) = 937/0.045
. . It determines the grade of Li purification.
E\ The Nature Lithium: 6Li - 7.6%, 7Li - 92,4%.
100 —=
- ~~ .
— 6L total
0= 7Li(n,y8Li x 10-4]\
= JENDL-2 ~ ] A
1 — \\ ~ _ J \
- ~~ S
0 7 | dependence o, ~ 1/v dictates 6Li(N,00)T /" ~_ : \
3 | The necessity for slowing o, ~
7 | down of neutrons ~
0.01 LU BRI LI R R ALl R L

1E-002 1E-001 1E+000 1E+001 1E+002 1E+003 1E+004 1E+005 1E+006 1E+007
En, eV



DEPENDANCE of EFFICIENCY k from the ‘Li PURITY

. ) Dependance of the converter efficiency
Converter efficiency k - is the number | ¢~ ° TLi-purity for A.geometry

of SLi-isotopes produced in the (solid line) and B-geometry (dotted line)
converter per neutron of the source. in case of different thickness of the
converter L and for different D,O
thickness Ly,.

k % L=170¢cm, Ly=30cm
20 |- L.=150cm, L,=30 cm
Ly=15cm, L.=170cm

L.=150 cm

Contents of 7Li in the nature
lithium is 92,41%.

L,=15cm,

15
Dependence of the converter efficiency k(%) on D,O layer
thickness in geometry A (solid line) and B (dotted line) for
converter thickness L_ and Active Zone of the reactor PIC.
10 | . LN

I T LK :ng _

3
: _ /// B XLK =f50cM:
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\X\‘“-\,:“'-x LK = Me
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Lithium isotope purity for ‘Li, % R e e s W T




number of antineutrino, (1/fission/MeV)

1E+001

1E+000

1E-001

1E-002

1E-003

1E-004

/ from 235U

1 =10.0

0.0

20 4.0 _6.0
Energy of V_, MeV

8.0

10.0 12.0

SUMMARY
ANTINEUTRINO
SPECTRUM

Antineutrino spectrum:
1) from 23°U,

2) summary antineutrino
spectrum from the active
zone and lithium converter
for different values of the

converter efficiency,

3) neutrino spectrum from
the converter (dotted line)
for different converter
efficiency.
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CHOISE of CONVETER MATTER

CONVERTER DENCITY TEMPERATURE Li mass (in kg)
MATERIAL (gfem?) OF MELTING (¢ for K= 9 %
©) (Li=99.99%)
TLiD - lithium 0.89(crystal) 68615 >300
deuteride 0.80(pressed)
TLiOD - lithium 1.495 462471 250
hydroxide (for LiOH)
"LiOD-D,0 - 065 >600 (for "
monohydrate of ' LiOH'H,0) S
lithium hydroxide
"LiOD-heavy ~1.1 - 70

water solution (6 %)

To increase the converter efficiency by increasing the purity of 7Li to not less than 99.999%
value is difficult. The solution is to use not pure ’Li isotope as the converter material, but its
chemical compositions, for example the perspective matter is a heavy water solution of

lithium hydroxide LiOD, LiOD -D,O and LiD [1,6]. The results of calculations Li mass for
different chemical compositions and other information presented in Table. The most perspective
was considered LiOD heavy water solution. Thus, using it permits to reduce the layer thickness
L. up to =1m and sharply reduce a required mass of a high-purified lithium. For example, at
the concentration of 9.46 % for the achievement x= 0.077 it will be necessary mass in

300 times less than for the converter with lithium only. Other chemical compositions like
Li,C,, L1,CO;, Li1,0, LiDCO,, LiF, LiDF, and their heavy water solutions are not so |,
perspective.




converter efficiency &, %

e e Y
co O O = N W B

1 e e

L CHOISE

LiOD- LiOD-D>0 ; of

solution, : —

9.64% / CONVETER
] MATTER (2)

L10D

\ _ Dependence of

[LiOD—solution, 5.66%) E con\./er.ter efficiency k
1 on lithium mass m;.

4 for different chemical
4 compositions and

heavy water solution

. . ] of LiOD
L10D-solution (0.94%) 3 (with LiOD

LiD

Li 1 concentration 0.94,
= 5.66 and 9.64%).

200 400 600 800 1000
mass of 7Li, kg s
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DINAMIC REGIME of OPERATION

———————————————————

' Installation for maintenance |
, of operative regime .
<l |

- - - =

'Neutrino,
. detector !

d

It is possible to supply powerful neutrino fluxes with considerably greater hardness in a facility
with a dynamic mode of operation 'V: liquid lithium is pumped over in a closed cycle through

a converter and further in a direction to a remote neutrino detector. For increasing of a part of
hard lithium antineutrinos a being pumped reservoir is constructed near the -detector. Such a
facility will ensure not only more hard spectrum in the location of a detector but also an
opportunity to investigate -interaction at different spectrum hardness.

However, the development of such a facility comes across serious problems connected with
necessity of a temperature regime maintenance (z,,,,,,,(L1)=C) and requirement in a large mass
of a high-purified lithium. So, at the thickness of converter L .= 1.5 m it is reaches the efficiency
k= 0.077 that requires 11.9t. of lithium with the purity on the isotope 'Li P, =99.99%.

For realization of a dynamic mode it will required lithium about in 2-4 times more. 17

The problem of the requested ’Li mass can be solved with use of lithium heavy water solution



FLUXES of LITHIUM ANTINEUTRINO

Let V. - converter volume, V- volume of a whole system, w - volume being

c
pumped over in a time unit ( flow rate, i.e. circulation rate ), thent,=V_/w - time of

pumping over of converter volume. In a converter we shall allocate some spherical segment
with a volume V_ and with a plane of the basis perpendicular to the axis of a delivery channel.
It was obtained integral flux of lithium antineutrinos emited from this spherical segment for

atimefr:

- WY
\rg (”:%[ Sl-i—z ”W 7 |:.S + - :|
§ n=2 )

/ O(=ap ¥y /W)
where Nt) and Nyff) - number of nucleus "Li and *Li at the moment 7, )LH.;,,- . )Llﬁ-
rate Df( n.y)-reaction and - decay,

-S _ \' I: .Tg)_ ( ?.‘_5-):;*»;;;-‘; \rr‘J fg_(}b;;‘! \rg/}hﬁ,)(p( Vf, )a

:)"...,rillr" \
}'...ﬁ.
Q(v)=1-exp(— 3_1/11)

In the same way it was obtained the expression for the fluxes from the delivery channel
and from the pumped reservoir. 18

S,= (V¢ {exp[—}»ﬁ(% —Ve )/"1’]—‘31’113[—?45( Vo —Ve +Wi )/H-‘]}.



SOME PHYSICAL ASPECTS

c (10 44 em2 fission)

c (10 44 cm? | fission)
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The total number of antineutrinos from the installation is:

Ny =Naz + Ne(Naz/n),

where N, is number of antineutrinos from the active zone, 1 - converter
efficiency, n —number of antineutrinos from active zone per fission ;
n = 6.13). So, the second summand determines the number of lithium
antineutrinos.

For reaction i , the cross section (normalized per one fission) for the
summary neutrino spectrum is also an additive value:

converter

_ Az
G;,=0;" t N-O; ;
where the cross section of antineutrinos from the active zone O ,-AZ

and from the converter are calculated separately: each with its own
spectrum.

Some reaction, investigated in the neutrino reactor experiments:

(p,+p—on+e) (1)

(V,+td—=n+p+y,) (0,5, neutral channel) (2)

(Y, +d—n+n +€") (0, -chargedchannel) (3)

Cross section for the reactor antineutrino:

1) (4.3 to 6.9) 10™* cm*/fission
() (1.1 to 1.9) 10™* cm?%/»
(3) (2.9 to 4.7) 10 cm?/»

Hard-spectrum lithium antineutrinos allow

Increase cross section in several times.




HARDNESS OF THE SUMMARY NEUTRINO SPECTRUM

Let F;(7) and F 47(7) - densities of lithium antineutrinos flux and antineutrino

flux from the active zone, v=6.13+6.14 - number of reactor antineutrinos

emited per one fission in the active zone. Let us consider that the hardness of the

summary j - spectrum at the point 7 equals one unit of hardness if the ratio of

densities F;(7)/F 42(F) equals 1/ 71, - Then in common case the hardness of a

summary spectrum 1s defined as:

HG) =1, F1i(F)

Having know hardness of
the summary spectrum

———————————————————

F (’7’) = * Installation for maintenance |
AZ : of operative regime |

S0 oo o

(purity of 'Li, parameters
of the installation,

'Neutrino,
. detector !

flow rate w (m3/s))
we can evaluate the

—»

20
expected neutrino cross section for the summary spectrum for this installation.




HARDNESS and EXPECTED CROSS SECTION (1)

-------------------

" Installation for maintenance
of operative regime

< |

I
'Neutrino,
| detector:
1

N ,
_____

to set (Input data):
hardness of

the summary spectrum
(purity of 'Li, parameters
of the installation,

flow rate w (m3/s))

}

we obtaine (Output data):
hardness of the summary
spectrum, expected cross
sections

Hardness of the summary neutrino spectrum

3.5
3.3
3.1
2.9
2.7
2.5
2.3
2.0
1.8
1.6
1.5
1.3
1.1
0.9
0.7
0.5
0.3
0.1

Distance from the center of the reservoi

o- w=3.0m3/s (L=23.9m)
A-w=25m3/s (L=19.9m)
- w=20m3/s (L=159m)
x- w=15m3s (L=11.9 m)
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105 125 145

85

45

25
Neutrino cross section in the (n,p) channel, (10 -44 cm? /fission)

S 44 64 84 104 124 144 164
Neutrino cross section in the (n,n) channel, (10 -44 cm? /fission)
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HARDNESS and EXPECTED CROSS SECTION (2)

Variation of neutrino cross section as function of the linear speed of pumping
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Neutron Sources on the Base of Accelerator + Neutron Producting Target

Facility (Country,

site, laboratory)

Beam parameters: particles,

energy, current, frequency (Hz)

Neutron vield, flux

Target;

status of the facility

4 Hz

from the target : 4:10° cm™s™

) protons, 600 MeV, 0.5 mA ~1.1016 -1 ) )
IN-6 (Russia, e 1-107 s tungsten (target in block 1);
Troitsk, INR RAS) parameters) first run in 1998 year
IREN (Russia, electrons, 200 MeV, 1.10% ¢! Pu (Kerr TO‘?S); Ui
3 A (in the pulse), 150 Hz ' construction.
DA ( pulse) (W-target at st stage)
protons, 1 GeV, A017 -1 mercury;
SNS (US4, ORNL) 1.4 mA (average), 60 Hz (1.8-2.7)10 s work since 2006 year
SINQ (Swisserland, protons, 590 MeV, 1.10" em2s”! lead;
Paul Scherrer institut. 1.8 mA, steady-state flux work since 1998 year
n-TOF (Switzerland, protons, 20 GeV, 04107 s";atL=185m lead;
Geneva, CERN)

work since 2000 year

IFMIF (Italy,
Frascati)

deuterons, 40 MeV,
125 mA, steady-state flux

(4.5+10):10" m™s™

Moltem 'Li;

under construction

LANSCE (USA,
Los-Alamos)

protons, 100-800 MeV,
up to ImA; 20 Hz

1-10'° S'l; for MTS(material
test facility): 210" cm™s™
(2012year plan)

tungsten;
work since 1985 year

KENS (Japan,

protons, 500 MeV

310" cm2s™!

tungsten (tantalum clad);

Tsukuba, KEK) 10 nA, 20 Hz work since 1980 year
16 -2 -1 ..
protons, 2.5 GeV, 410 cm”’s tungsten; normal operation in
ESS (Sweden, Lund ) 14 Hz (peak flux); 2019; 44 neutr. instrum. in 2025
CSNS (China, protons, 1.6 GeV, 62.5 UA, 25 Hz; ~ 5. 1015 Cm-zs-l tungsten;
Dongguan) 1.63-10" proton/pulse, plan-Stagel

normal operation in 2018 year




Powerful Lithium Antineutrino Source
on the base of the booster
for inciniration of radioactive vaste (1)

4 )
Static regime Of lithium anﬁtineutrino
] I\X 27\ target
the operation target
\_ J S \= = — — — /= =
neu%[o / ;i
, roton Nk 'y
( linear pbea? JPARRI "y
accelerator | HeWTpoHbl
Blanket - lithium \Q @ Ql
neutrino converter lithium antineutrino
(LiF - BeF2) +
radioactive vaste Antineutrino
isotope lithium composition: detector

Li-6 - 0.01%, Li-7-99.99%)

Lutostansky, Yu.S. and Lyashuk, V.I., Physics of Elementary Particles and
Atomic Nuclei, Lett., 2005, vol. 2, p. 60.



Powerful Lithium Antineutrino Source
on the base of the booster
for inciniration of radioactive vaste (2)

[Dinamic regime of the operationj

lithium antineutrino

NN/ target lithium

> ‘
- neu't'ro
. proton :,
(Ilnear bearT ”& i
accelerator _ Meutrons _ A,

- <
Blanket - lithium @ @ &\I lithium
neutrino converter lithium antineutrino Antineutrino

detector

Lutostansky, Yu.S. and Lyashuk, V.1I., Bull. Russ. Acad. Sci. Phys., 2011,
Vol. 75, No. 4, pp. 468 26



1. NEUTRON YIELD FRON HEAVY TARGETS (W, Pb)
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18. Slastnikov V.N. et al.// Z. Phys. A 311 (1983) 363.

19 KonmerukoB H.B. u np.// At. Dueprus 75 (1993) 219.

20. Arai M. et al.// Neutron research, 8 (1999) 71.

21. Barashenkov V.S.// Nucl. Part. Phys. 9 (1978) 781.

22. Co6onesckuit H.M. Ilpenpunt B1-5-5458 (/lyOna:
OUsIN, 1970); Dementyev A V, Sobolevsky NM Radiat.
Meas. 30 553 (1999); Dementyev A V, Sobolevsky N M,
Preprint 874/94 (Moscow: INR, 1994).

23. Ferrari A et al. Nucl. Instrum. Meth. B 71 412 (1992).
24. Gabriel T A et al., Preprint TM-1160 (Oak-Ridge:
ORNL, 1989); Gabriel T A, in Proc. of the 4th Workshop on
Simulating Accelerator Radiation Environments (SARE 4),
Knoxville, USA, September 14-16, 1998 (Ed. T.A. Gabriel).



2. NEUTRON YIELD FRON HEAVY TARGETS (W, Pb, Bi)

4

W
UV ()

D
W

[
()]

neutron yield / proton
NS

ek

<
W

100

1 I I I 1
150 200
Energy of proton, MeV

|
250

|
300

Why did we considered
the low energy

Interval ?

The answer:

- problems of background
- presence significant
number of of low energy
accelerators

Blue line - for W-target
Violet line - for Pb-target

Green line - for Bi-target
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3. NEUTRON YIELD FRON HEAVY TARGETS (W, Pb)
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4. NEUTRON YIELD FRON HEAVY TARGETS (W, Pb)
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1. Lithium Antineutrino Source
in the Cvlindrical Geometry

Neutrino
detector

Lithium
converter

D20
(moderator,
target cooler)

Target

Proton beam Shield
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GEOMETRY OF THE INSTALLATION 14

170

W- target

\ Air

e

[DzO coolerJ

40

170

to minimize loss
of neutron through
the target window !
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1. EFFICIENCY OF THE LITHIUM NEUTRINO SOURCE

IN THE SCHEME OF THE TANDEM OF THE CONVERTER

AND ACCELERATOR PLUS NEUTRON PRODUCING TARGET
0.6 =

0.5

0.4 -

GEOMETRY

( Yield of Li-8 ) / proton
-]
Lad
|

Li-8 yield for W-target

O——TT T 71 1
50 100 150 200 250 300
Energy of proton, MeV 33



( Yield of Li-8 ) / proton

2. EFFICIENCY OF THE LITHIUM NEUTRINO SOURCE
IN THE SCHEME OF THE TANDEM OF THE CONVERTER
AND ACCELERATOR PLUS W, Pb, Bi-TARGET

0.8 Blue line - Li-8 yield

1 for W-target
0.7 —

71 Violet line - Li-8 yield
0.6 for Pb-target

GEOMETRY

e N\

0.5 Green line - Li-8 yield
1 for Bi-target

0.4 —

0.3 —

Neutron yield from W-target is larger
compare to Pb and Bi-target.

Why do we have inverted yield of
Li-8 in the converter ?

0.2 —

O F——T T 717 7T 7 ]

50 100 150 200 250 300
Energov of nroton. MeV



Neutron current on the target surface

NEUTRON FLUX from the W-TARGET

(example for 200 MeV protons)
5311 profile of the converter and target

] /Z \
neutron flux escaped}

from the target (red) neutron flux escaped
from the target (red

neutron flux
scattered back
to the target (blue)

70 ’| \ﬂ

0

170

neutron flux scattered
back to the target (blue)) —




NEUTRON FLUX from the W and Pb -TARGET

(example for 200 MeV protons)

Neutron current on the target surface

Pb-targ et Number of neutrons captured out
W-targe_t > 6.213 of the Pb-target (1.397) is larger
5311 < compare to the W-target (1.008).
. As a result, number of Li-8 created

neutron flux escaped in the converter in case of Pb-target
from the target (red) is larger compare to the W-target.
g converter and target

1.008

neutron flux escaped
from the target (red

170

neutron flux
scattered back
to the target (blue)

] S
0 Air

170

neutron flux scattered
back to the target (blue)




NEUTRON FLUX from the W, Pb and Bi -TARGET

(example for 200 MeV protons)

Pb-target

7 W_targe_t 213 Bi-target
6 — » 5.682

4 S5.311 +—

neutron flux escaped}

W
>
S
—
=
7/}
~
S 4 — from the target (red)
o i
49 _| out of the target
S 2] s 1.397 1.349
= 1.008
1 ]
el W | [ ]
= 0
o = Number of
; -1 H neutrons
: -2 — || neutron flux scattered captured out
S 1 PFlback to the target (blue) of the Pb-
%“ o target (1.397)
o -4 and Bi-target
7z T (1.349) are

close.



EFFICIENCY OF THE LI-8 CREATION

IN THE SCHEME OF THE TANDEM OF THE CONVERTER

AND ACCELERATOR PLUS W, Pb, Bi-TARGET

W-target Pb-target | Bi-target
Efficiency of | (0.2702 of (0.3634 of (0.3620 of
LL1-8 creation | Li-8 nucle1) / | Li-8 nucle1) / | Li-8 nucle1) /
(per neutron) (1.008 of (1.397 of (1.348 of
neutrons) = neutrons) = neutrons) =
0.268 0.260 0.268
Efficiency of |(0.2702 of (0.3634 of (0,3620 of
Li-8 creation |Li-8 nuclei)/ |[Li-8 nucle1)/ |Li-8 nuclei) /
(per proton) | (1 proton)= | (]l proton) = | (] proton) =
0.270 0.363 0.362

1. Normalization per neutron give the close efficiencies that indicates on
simular neutron spectra in the converter for considered heavy targets.
2. Neutron flux analysis significantly corrects the choise of the target.




k %

DEPENDANCE of EFFICIENCY kfrom |
the THICKNESS L. of the o
CONVERETER '
for DIFFERENT CONVERTER il
SUBSTANCES (’Li purity — 99.99%) ¢ |

for the thermal group: e
[6,(’Li)=45 mb] »[c,(D)=0.52 mb ] >[c_(;0)=0.19 mb]
| | | | [ | | | | I
B LiOD-solution SN i X
s } L
E i
5 o s D OUVaR S e e 'X'""'""-* ........... H=rmrmr -X ]
3 A "LiOD-solution
/A T 0.94%
L = | | |

0“0 3 50 0 W 10 W B M W

L., cm

TR .
L., cm

(for the Peak
Reactor Geometry)
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2. Lithium Antineutrino Source in the Cylindrical
Geometry. The Possible Matter of the Converter

Cf)nverter: _ Converter: LiD Converter: LiD
L10OD-solution

< detector

_converter

shield

~40cm




3. Lithium Antineutrino Source
in the Cvylindrical Geometry. Target realization

Pumping

Target window Rod target of the
cooler

4

~

4

Proton beam

> 4

Proton beam
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4. Lithium Antineutrino Source
in the cylindrical Geometry. Common view Neutrino

detector

Rod target
(in the center)

D20
(moderator,

target cooler) Lithium

converter

4

Proton beam

Shield



Ccrosz sSection (bharns)

0.001
_

1. Neutrino Source
on the base of 14-MeV Neutron Generator

neutron reaction cross section

1

a.

.01

]

7Li(n,gamma)Li8

<

11B(n,a)8Li _ \ '

10-6 10-5 10-4 0.0010.01 0.1 1. 10.
ENEeLrdy [Iew)

Idea: to use reaction 11B(n,a)8Li1
in the fast part of the neutron
spectra (Eyreshold = 7.4 MoB) .
See:

LiB-Neutron converter for
Neutrino Source

( LiB-HEUTPOHHBIA KOHBEPTOP
JUIS

HEUTPUHHOI'O UHCTOYHUKA

O. M. I'op6auenko, B. H. Konapartbes,
1O. C. JIrorocranckui, B. U. JIamyk
U3BECTUS PAH. Cep ®U3., 2014,
ToM 78, Ne 7, c. 832-836 )
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2. Neutrino Source
on the base of 14-MeV Neutron Generator.
Geometry of the Model

neutron source
(14 MeV)

D,0

Li (Li7 - 99.99%,
Li6 - 0.01%)

B (B11 - 99.99%,
B10 - 0.01%)

air
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3. Neutrino Source

on the base of 14-MeV Neutron Generator

0 2.5 5 7.5 10 12.5 15
Layer of B, cm

® Total number
of Li-8 nuclei
producted in
the converter

<& Total number
of Li-8 nuclei
producted in
7Li(n,y)Li8

X Total number
of Li-8 nuclei
producted in

11B(n,00)Li8

S Production of Li-8 isotopes in the neutrino converter
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COAOEPXAHUE OOKIALA

- UOEA NUTUEBOIO KOHBEPTOPA KAK V,—MCTOYHUKA 1
“MPOCTEULLASA” PEANU3ALMUA UHTEHCUBHOIO UCTOYHUKA

-YTO MOXXHO U3YYATb HA Ve -UCTOYHUKE( 3AYEM OH HYXKEH ?)
-TPEBOBAHUSA K YUCTOTE U3OTONMA 7Li

-9®PEKTUBHOCTb JINTUEBOIO KOHBEPTOPA

-BO3MOXHBbIE MATEPUAIbI B KAYECTBE BELLIECTBA Li —- KOHBEPTOPA

- BOSMOXHbIE PEAJTUSALUUU INTUEBOIO KOHBEPTOPA

Ctatnyeckmm n AlMHaMn4ecKUn pexmmbl padoThbl.

Cxema TaHpema:
(yckopuTenb, HeMTPOHOMNMpon3BoasaLlasa MULLEHb) + Li-koHBepToOp
BapnaHTbl HEUTPOHONPOU3BOAALLUX MULLEHEWN

Kak ewwe MmoXxHo noBbicuTb 3chcekTuBHOCTL Li-koHBepTOpa (LiB-koHBepTOp)

- TPEANOXEHUE k CO30AHUIO v ,-UCTOYHUKA

(JIMTUEBOI'O KOHBEPTOPA) B UAN:
CXEMA UICTOYHYHUKA WU PE3YIIbTATbI OLUEHOK

-“3ANAOHBLIN” BAPUAHT JINTUEBOIO KOHBEPTOPA

- SAKITIOYEHUE
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BAPUAHT UICTOYHUKA
ANEKTPOHHbLIX AHTUHEUTPUHO ans USAWN.
HenTtpoHHoOnpousBoAasuwasa sBonbdpamoBas MULLEHb

BepTukanbHoe (cresa) v ropnsoHTanbHoe (cnpaBa) cevYeHne NMMTMEBOro KoHBepTopa
(3eMeHbIN UBET), TSXKENOBOAHOro oTpaxatens (CUHUN) U MULLEHN (KpaCHbIN).
Pa3smepbl IMTUEBOro KOHBEpPTOpA: BbicOoTa unnuHapa — 145 cm; anametp — 140 cwm.
TonwwuHa cnos Takenon Boabl (D20-3amegnutens 1 oxnaanTenb MULLEHW) — 5 CM.
Pasmepbl W-muwienun: gnuHa — 37 cm, BHewHun gnameTp — 14 cm, rmybuHa Bxoaa “
noA ny4yok npotoHoB” — 20 cm, gMameTp “nog ny4ok NpoToOHOB” — 6 CM.

MaTepuan nutneBoro kKoHBepTopa — LiD. YkazaHHble faHHbIe UCMOosib30BaHbl B
OLIeHOYHbIX pacyeTax 47



BAPUAHT
UCTOYHUKA
IAJIEKTPOHHbIX
AHTUHEUTPUHO

ansa UAN.

Cxema
UMNYNbLCHOIo
UCTOYHUKA
HEeNTPOHOB B
bokce

i ik
' 11 i '
/ 1 |
4 7 0 H /*_
#
/ | s
| 9 2R
: / 7 _/
i Lyt /1
A e — | — - /]
‘ : . 1=
’ g8 || 7 /]
- _f s ‘\'\_ - -—
2 1 \ 12

Puc.12. HpHHI_[[/IHHaHLHaH CXC-Ma HMITYIIBCHOI'O HCTOUHHKA HeﬁTPOHOB B 3alllTUTHOM OoKce.

1 — MuImeHs, 2 — 3aMeLTHTETH, 3 — OSPHIUTHEBBIH OTpaXKaTellb; 4 — MHUITIEHHBIH MOIY/Ib, B COCTAB

KOTOPOTO BXOIST BOTB(PaAMOBas MUIIEHB, 3aMeITHTETH U 3aIIUTHEIC CTAIbHBIE IPOOKH; 5 — ra3oBbIi

Oak (muametp ~ 1500 Mm); 6 — TerioBas 3amuTa, 7 — JIUCTAaHIIMOHHO-PA3beMHOC YIUIOTHEHHE, 8 —

JATYHK TTOJIOKEHHUS My4uka, 9 — uoHotpoBoa, 10 — xenes3nas zanmra, 11 — cbeMHBIE cTalIBHBIE
3aIUTHEIE IPOOKH, 12 — HeHTPOHOBOJ

C.®. CupopkuH, 3.A. KontenoB. HentpoHHbIn komnnekc UAU PAH.

MMNynbCHbIX UICTOYHUK HEUTPOHOB: NAEOSIOMMUs, UCTOPUA CO3OaAHUSA,

BO3MOXHocTu passutua. MpenpuHt UAU PAH 1280/2011 48




BAPUAHT
MCTOYHUKA
IAJIEKTPOHHbLIX
AHTUHEUTPUHO
ansa UAWN.
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Oowun BuAO
YCTaHOBKM

e |
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C NUTUEBbLIM
KOHBEPTOPOM U
W-MuUWweHbLIo

Ucnonb3oBaHa cxemMa u3 paborbl: C.P. CuaopkuH, J.A. Kontenos.
HentpoHHbI kKomnnekc UAU PAH.

UMNynbCHbIA UICTOYHUK HENTPOHOB: NOEOSIONUS, NCTOPUS CO3AaAHUSA, 49

Bo3MoOXHocTu pa3sutud. Npenpunt UAUN PAH 1280/2011




BAPUAHT

NWCTOYHUKA

IAJIEKTPOHHbIX

AHTUHEUTPUHO

ansa UAWN.

Bbixoa nsortona SLi

B LiD-koHBepTOpE
npu 7"4W-muLieHun
B MHTepBane

3Heprun

E,= 100-500 MeV

OueHKa NOSTHOro NOTOKa aHTUHEUTPUHO

( Yield of Li-8 ) / proton
o
00
I
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COAOEPXAHUE OOKIALA
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“MPOCTEULLASA” PEANU3ALMUA UHTEHCUBHOIO UCTOYHUKA

-4YTO MOXXHO U3YYATb HA Ve -UCTOYHUKE( 3AYEM OH HYXKEH ?)

-TPEBOBAHUA K YUCTOTE U3OTOIA 7Li
-OODOEKTUBHOCTb JINMTUEBOI'O KOHBEPTOPA
-BO3MOXHbIE MATEPUAJIbl B KAHECTBE BELWWECTBA Li — KOHBEPTOPA

- BOSMOXHbIE PEAJTUSALUUU INTUEBOIO KOHBEPTOPA

Ctatnyeckmm n AlMHaMn4ecKUn pexmmbl padoThbl.

Cxema TaHpema:
(yckopuTenb, HeMTPOHOMNMpon3BoasaLlasa MULLEHb) + Li-koHBepToOp
BapnaHTbl HEUTPOHONPOU3BOAALLUX MULLEHEWN

Kak ewwe MmoXxHo noBbicuTb 3chcekTuBHOCTL Li-koHBepTOpa (LiB-koHBepTOp)
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International Project of
Lithium Antineutrino Source

week ending

PRL 109, 141802 (2012) PHYSICAL REVIEW LETTERS 5 OCTOBER 2012

Proposal for an Electron Antineutrino Disappearance Search Using High-Rate 3L i
Production and Decay

A. Bung;_,,*au,l A. A(ﬁlelmann,2 J.R. Alonso,3 W. Barletta,3 R. Barlow,l L. Bartoszek,4 L. Calabretta,S
A. Calanna,’ D. Campo,3 J.M. Conrad.” Z. Djurcic,6 Y. Kamyshkov,7 M. H. Shaevitz.® 1. Shimizu,’
T. Smidt.” J. Spitz,3 M. Wascko.'” L. A. Winslow,” and J. J. Yangz’3
'University of Huddersfield, Huddersfield HD1 3DH, United Kingdom
>Paul Scherrer Institut, Villigen CH-5232, Switzerland
*Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
*Bartoszek Engineering, Aurora, Illinois 605006, USA
stituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud, I-95123, Italy
6/‘ugmme National Laboratory, Argonne, Illinois 60439, USA
7Unh!e.»'sr‘r_\' of Tennessee, Knoxville, Tennessee 37996, USA
SColumbia University, New York, New York 10027, USA
“Tohoku University, Sendai 980-8578, Japan
1mperial College London, London SW7 2AZ, United Kingdom
(Received 24 May 2012; published 4 October 2012)

This paper introduces an experimental probe of the sterile neutrino with a novel, high-intensity source
of electron antineutrinos from the production and subsequent decay of 8Li. When paired with an existing
~1 kton scintillator-based detector, this (E,) = 6.4 MeV source opens a wide range of possible searches
for beyond standard model physics via studies of the inverse beta decay interaction 7, + p — ™ + n.
In particular, the experimental design described here has unprecedented sensitivity to 7, disappearance
at Am> ~ 1 eV? and features the ability to distinguish between the existence of zero, one, and two
sterile neutrinos.




200 sm

v

experimental parameters. We note that the geometry
design is similar to that described in Ref. [10].

[10] Yu.S. LUt()Sti-lﬁSk}’ and V.I. Lyashuk, Bull. Russ. Acad.
Phys. 75, 468 (2011).

Lutostansky, Yu.S. and Lyashuk, V.I., Physics of Eler

Scheme of the Installation with Lithium Converter
(named as IsoDAR - Isotope Decay At Rest). The
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Lithium antineutrino source IsoDAR

Ep =60 MeV, [=10 mA

-W =600 kW

- Work cycle (time) — 90%

-Duration of the experiment — 5 years
(in fact — 4.5 years)

- 14.6 . /1000 protons
( Efficiency =1.46% )

For 5 vears of work - 1023 v,
Detector - KamLAND

Sensitive volume — 897t
Distance from the target the
detector center — 16 m
Expected statistic of the inverse
beta decay (5 years) — 8.2E+5

Yield
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Neutron Yield for

Sensitivity of the proposed

IsoDAR Installation
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Perspectives, Risks and Price for IsoDAR project

o Cost: Good: $30M, Moderate: $50M, Bad: $100M or higher.
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CONCLUSION. 1.

- It was developed schemes of the powerful neutrino source on
the base of 7Li (n,y)-activation.

-This source (lithium converter) can be constructed as

in the static as in the dynamic regime. The converter efficiency
(for different geometries) were calculated.

- It was obtained the analitical expression for neutrino fluxes
from the source.

- Different types of matter were investigated for production of
neutrino. The most perspective is the D,0 solution of LiOD.

- The proposed dynamic regime allows to increase the hardness
of the neutrino spectrum and to vary the neutrino spectrum for
investigated reactions.

-It was considered and proposed variants of neutrino
converters (neutrino factory) on the base of different neutron
sources.

56



CONCLUSION. 2.

- Compare to reactors the considered neutrino sources based on
tandem (od accelerators and neutron producing targets) have
significant advantages:

- durable stability of the regime (i.e., stability of neutrino flux);

- possibility to constract compact neutrino source (compare to

reactor blanket),

- significantly lower price,

- possibility to ensure hight flux and modify it.
These parameters allows to consider the tandem scheme more
perspective compare to neutrino sources based on reactors.

- The basic concepts for the proposed neutrino source on the base
of lithium converter are included in the IsoDAR project
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