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Ratio of Observed To Predicted Reactor-v’s

The Reactor Anomaly

= Observed/predicted averaged event ratio: R=0.938+0.023 (2.7 o)

1"lllll‘ I IIIIIII’ R ‘ I IIIIIII‘ I IIIIIII‘ R I

- Il Solar Neutrino
no oscillation

N R N N S S R . --.'I.F__-:-:: ----------------------- Anomaly

(1968-2001)
- v-oscillation

09

08

0.7— J Atmospheric
| W_/ Neutrino Anomaly
0.6 Terra Incognita Reactor (1986-1998)
' to be explored Antineutrino - v-oscillation
— > 15 projects....  Anomaly (2011-)
0.5— - v-oscillation ?

o[ Phys-Rev.083,078006 2011 | |l

l

l

0 10 100 1000 10000 100000
Reactor — Detector Distance (m)
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c%ee.
......
.........

The Gallium Anomaly

51Cr (27.7 days)

747 keV v (81.6%)
52 keV v (8.5%)

= Test of solar neutrino radiochemical
detectors GALLEX and SAGE ﬁ; E:Xiiﬁé’iii

="Ga+v,— "Ge + e

320 keV y
= 4 calibration runs with 20-60 PBq
Electron Capture v, emitters v
= Gallex, <L>=1.9m o
= 51Cr, 750 keV A7

= Sage, <L>=0.6 m —
= 51Cr & 37Ar (810 keV)

= Deficit observed

= 30 anomaly

= Supported by new "1Ga (3He,3H)
"1Ge cross section measurement
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Active Neutrinos

0!
e lNedee
........

Only 3 light v’ s coupling to Z boson

_AL

' N\
-835_—

e L DELPHI
V'u, 25:—
Ve 20:—
141 V9 V3
i : : 15—
2 2 2 I
my my ms :
\/\/\\ 10‘_
2 2 B

AmSOL AmATM 5:_ | | | | | | |

3v-mixing 8 8 90 91 92 93 94 095

Energy, GeV
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Adding Sterile Neutrinos

But maybe light vg? No SM interactions. Mixing with active v' s

No coupling with Z boson (LEP)

A
' N\
I/Sl I/32
Vr
Y
1/6
U1 V2 V3 Yy Vs
m3 m3 m3 mj m? log m?
coun DMSor,  AMamy Amgg,
SV-MIXINg
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@ ‘{;’e disappearance (3+1)

Data consistent with(VL disappearance at L/E=1 m/MeV

(95%CL =,
S Sl
101 E 5 :
i < ]
= —
- ~
_ : - :
I\ w1 .{A Q
> - e || ®
— gl ".0 &
= 100 eonsssme ] e 1B
Sk 3 = Cl B
= a1 2] =
s o= |
£ Gayy- =
1 + |
107 . =1 E
L P = 1-sin?20,sin? 24l & sin226%=|Ue4|2(1-|Ue4|2) =
. 4E 8 |
o L T | 5 . PR PR |
103 10~2 107!

IUe4|2
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cea Testing(VZ3 disappearance anomalies

* GA & RAA : comparison between data and event prediction

= Search for L, E, L/E pattern (shape only)

= Complement with a rate analysis — need for an absolute calibration

* Input from sterile neutrino global fits
E(MeV)

Amz(ew)zplo m

= Am,.,2=0.1-10 eV2 > L  (m)=2.5

- sin2(20,,,) = 0.01 - 0.2

= Experimental specifications

= Am.__..2=eV2: compact source < 1m & vertex resolution << 1m

new

= sin?(20,,.,,) : experiment with few % stat. & syst. uncertainties
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v Generator Proposals

Type | Detection | Background | Isotope | Production Activity Projects
Sage
Ve€—Ve€ R [()fteciic.')r.t S1Cr Nin AUt LENS
5% E, adicactuvity | -2 mev irradiation
15cm R t,,=26d in Reactor >370 PB CrSOX
res Solar v 9 | (SNO+)
Vo o (irreducible) Moot >37 PBq i
37Ar irradiation
Radio- vgenerator | o | inReactor ,
chemical Lijeitizles t,,,=35d (breeder) 185 PBq Ricochet
zée_p1 :l\f\? 144Ce | spentnuclear | 3.7-5 PBq SN
th= - € reactorv, | E<3MeV fuel
(e*.n) geo v, t,,=285d | reprocessing | 18.5PBgq | Daya-Bay
’ +
7 90 : )
Vo 5%E,.. | Vgenerator 106Sr Single isotope ) )
15cm R, impurities Rh extraction
3HOHe e v : SH Irradiation in KATRIN
EC/B-decaye LS E<18 keV reactors e (Mare/Echo)
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CeSOX:

144Ce-149Pr next to Borexino

(Borexino Coll. + CEA)
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ezY Antineutrino Source: 14Ce-14Pr

(ITEP N°90 1994, PRL 107, 201801, 2011)

= v, detection: v+ p >e*+n (a=1.8Mev)
= large IBD cross section - 3.7 PBqg activity

= (e*,n) detected in coincidence 2> mitigate backgrounds

85 d
= 144Ca-144Pr 1440 g-

<318keV 1445 {7 mn

R-<913keV
1%

= Abundant fission product (5%)

B-<2301 keV
= 144Ce: long-lived & low-Qg e
Enough time to produce, R- < 2996 keV

transport, use 97.9 %

= 144Pr: short-lived & high-Qg
v -emitter above IBD threshold

| Y
1 2185 keV
0.7 %

144N\q

Th. Lasserre - Neutrino Telescope 2015



o
|
>

(}]
=
~~
Ll
©
=
<
©

-t
o
=}

-1 ‘ : :
107 T
H. . ... .. . 765 % 318.7 1%t non-unique forbidden e e e e
............. 3.9% 238.6 15t non-unique forbidden 5. 9595303090535 30303592 a0a0a000500000o0c
19.6 % 185.2 1%t non-unique forbidden

-2

97.9% 2997.5 15t non-unique forbidden
1.04% 2301.0 15t unique forbidden
1.05% 818.8 Allowed

107 s
1.5

Kinetic energy (M

eV)
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Oscillometry in BOREXINO

Search for an L/E oscillation pattern inside LS target
Compare observed to expected v rate (no oscillation)

“aan aans

-

LA
A e

iy
e

8.3 m from Bx Center

\ .‘\.“.

a2 TR R S

Counts per 0.10 m MeV~" bin

Osc/No osc ratio

500

450

400

iy

o
©
a

o
)
a

o
©

No oscillations
sin?(20 ) = 0.10, Am?
new'’ new

__sin’20 )=0.10,Am?> =2eV?

=0.5eV?

144Ce-144Pr: 3.7 PBq
R<4.25 m (280 tons)
Vertex resolution: 15 cm
Energy resolution: 5%

10000 events/1.5y

- - <

K ’ \ ’ . AN ~
LS 7 \ ’ RN , \ B

\\ ’ N PR \ ; \ ’ ~
~ ’ N ,.” N ,

o N \\ // S
D R B - =
| L | L | L | L | L | L | L | L | L L
1.5 2 25 3 3.5 4 4.5 5 5.5 6.5
L/E (m MeV™")



3.7 PBq %4Ce-144Pr
Antineutrino Generator
(CeANG) Production
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CeANG: Specifications

B activity (in 44Ce)
= 3.7 PBq

Extracted from fresh spent nuclear fuel (<2 years cooling)

Chemical form : CeO, ?
m3 e w.

Density : between 4 and 6 g/c

Fitting inside a D:H=15:15 cm double capsule of Special
Form of Radioactive Material (ISO 9978 - IAEA regulation)

Purity requirements
= Content of any others REE (y-emitters) < 10-3Bq/ Bq of *4Ce
= Content of Pu and TPE (actinides) < 10-°Bq / Bq of '44Ce

Th. Lasserre - Neutrino Telescope 2015
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d
= 3
KOLA Nuclear Plant o
",
3 &
o)
Rosatom -
FUSE PA Mayak Reprocessing Facility
World Unique facility producing PBq-scalq of 144Ce
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144Ce:

* Produced in nuclear reactor core
= 5.5%in fission prod. of U
= 3.7% in fission prod. of Pu

= Then decay 411 d mean-life.

Selection of best SNF at Cola NPP

= Shortest cooling time
= <2years
= Highest burnup inlastirr. cycle

Delivery of SNF from Kola NPP to

FSUE Mayak PA (3000 km)
= TUK-6 container

PA Mayak will receive fresh fuel for
CeSOX prod. in March 2015
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= Radiochemical Plant
= Standard radiochemical
re-processing of SNF (Purex)

= Separation of CeO, {oy s AR T
= Primary encapsulation o RN e
= Activity measurement (=5%) SRR e S
i S (R . China -
‘ Pakistan e o ;'; -,“’ :
o o Saudi T = '"‘”f{?;ﬁ#?/ ﬁ
= Radioisotope Plant ,

= Source manufacture

= Certification ISO 9978

» Loading into W-shield

» Loading into transport cask

» R&D and upgrade of PA Mayak
facilities for CeANG production
ongoing since 2012

Th. Lasserre - Neutrino Telescope 2015



eles ey
-------
R

Extraction of Cerium Solution e

co ey

Hot Cells for

Eluant Tank Conditioning 144Ce()‘f
= Complexing agent displacement Stainless stt:e/llining
chromatography for Rare Earth m\\\\\ k\\\\\\\\\\\\\\\\\\\\\\\\\ E
elements (REE)
heavy concrete C an yo n
= Reactor Spent Nuclear Fuel: o—
= PA Mayak: 100 t SNF/y - l l l l l l
= 1 ton SNF:
= 13 kg REE Feed
= 22g'4Ce (3y, 70 kCi) Tank
= Production C1|/C2||C3 |[C4]|C5](|Cq||CT
= Start Ce-extraction in 2015 T
= Ce extraction: 9-12 months Separation | || ([ JqL | L))LI|L
Columns
= Delivery June-August 2016 BRI N0 N0 O I I
(saint Petersburg harbor) S IR

Ay
iy, | .
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144Ce-144Pr SFRM capsule

st Asedcason

F:

Rol N

Sanavve ard Do

Capy ime e

Ravhvco inv. Ny

Svpatum aod Dale

Oyl v, N0

900089425951
#20
T @ @ 7
| 7T
= F
S —

170 max
582 max

1365

= SFRM ISO 9978
=V, .= 1.8 liters

" p(Ce0,) = 4.5 g/lcm3
= 30 g of 144Ce

= =5 kg of CeO,

= 800 Watt - =400°C

-

#1313

2154 max

Agreed

design frozen |

Notes:

1.

2.
3.

Assembled and welded using manufacturer’s technological
process, penetration depth not less than 0.6 mm.
Dimensions without tolerances are given for reference only.
Marking.

Marking content:

a) Senal Number;

b) chemical symbol of the element — Ce-144;

¢) basic trefoil symbol;

d) year of manufacture

Marking.

Marking content: Serial Number

@45.65.2168000 (b

Wepht! Scahw

Rov

Shoo!

Documant N | Sionature] Cato

Ce-144

Dovalocod
(Chocked

Toch wedting

Hoad of OA

Assembly Drawing

Shwnt l af Shants

Steel 12X18H10T-A0"" to

State Standard rOCT 5632-72 | FOUE "Mayak” PA

Capied by Snootazo  AJ

19



? - Acceptance
‘ e for 139La

(loss of capacity for

Acceptance for 141Pr
(loss of capacity for Ce in capsule)

Ce the capsule)

/Zq

Loss of Cerium 144
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Yolume (liter)

T

Vtot (4 glcms) = (1 2 |)Ce + (06 I)Pr+ (06 l)La = 1’3 Vcapsule

[ Lat39
[ lLa138
2| ELa137
[ Jcet144
_[Jcet142
[ce141
—~ B cet140
[ ]Pr144m
—~[_1Pr144
EPr141
8- lcmoas
[ Icm247
- [Clcmeds
[ cmo4s
“ B cm244
- I cm243
Wl cm242 |

Risk: 30% lost in activity if all Pr/La is included

Th. Lasserre - Neutrino Telescope 2015
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Traces of minor actinides =
= Am, Cm, Bk, Cf,... E
= Spontaneous fission (SF> neutrons)
= (a,n) reaction (about 102 of SF)

Uranium

Most hazardous: 244Cm
= 244Cm ~ all Cm after 3 years
= T=18,1y;lg=1.4.10%; 2,7 n/SF
= Heavier minor actinides

Américium

Curium

O (Section efficace)

Specific
» Higher branching ratio to SF Isotope Half-life Isp (%) neutron
= Much less produced in reactor activity (n/g)
241Am 4322y 4.010°'° 1.2
- . M2mAm 141y 4.7107° 46
CeSOX specification 24301 7370y 3.7 10~° 0.72

= 24Cm/144Ce <10°Bq/Bq

(Driven by LNGS regulation) ~Cm 291y 53107 _ 2610°

44Cm  18.10y 1.410°* 1.6 107

= Factor 1/1000 rejection needed 5Cm  8510°y 6.110°7 1.1 10
during the chromatograph 26Cm 4.73 10y 3.01072 1.0 107
9 graphy 8Cm  3.40 10°y  8.39 4.2 107

Requires dedicated purification step
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144Ce-144Pr Antineutrino
Generator (CeANG)

Characterization
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......
T

= Pilot production phase in Mayak (2013)
= PBqscale-6yold fuel
= 3x 10 cm3 Ce(NO;); samples — 59 kBg/'44Ce

= y-spectroscopy

= Characterization of (/y impurity content

= pB-spectroscopy
= Measure %*Ce & %*Pr g-spectra: Heat/Activity conversion
= Predict the %4Pr v—spectrum: expected v-rate

= Realization of two —spectrometers

= |CP-MS & EAS and x-spectroscopy

= Characterization of neutron impurity content
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Ce(NO;); samples: r spectroscopy

‘erc

» Absence of impurities emitting 7’s = Activity
= <10“4Bqg/Bq of 144Ce for E>500 keV = 01/10/2014
= <10-3Bqg/Bq of 144Ce for E<500 keV = 58,9 (2.5) kBq in 44Ce
-"E’ 10" - within specifications
S 10 -
LLI ) )
=H= 105
S Data
10° Mg
= T |....||J_ Aol |'||TI' et | | | e |
10 = Simulation | H |‘I|
= |
10° -
10
1 ? All lines are from 144Ce & 144Pr ‘
— ! ! ! ] ! ! ! ! I ! ! ! ! I ! ! ! ! ] !
500 1000 1500 2000
Energy (keV)

Th. Lasserre - Neutrino Telescope 2015



@ Ce(NO,), samples: o spectroscopy

erc

Deposition and evaporation of
250 pl of Ce(NO;); solution

CANBERRA type IN 114, ionization
chamber, 100% in 2r st. oy =40 keV
at CEA/LASE

x-spectrometry (12 hours)
Gridded ionization chamber

244Cm: o decay 244 etfou 243.Cm
5.762 MeV (23.1%) | 46E0280/m /- 42%3k=2
5.804 MeV (76.9%)

238Pu et/ou 241Am

1.2 E-02Ba/mi

|“IIIIIIIH (NI iI‘ ‘II WHT A1 IHlI

244Cm / 144Ce = 8(3) 10°Bq/Bq
- 65000 n/s/3.7 PBq - within specifications

241Am / '%4Ce = 2(2) 10-°Bqg/Bq
- 330 n/s/3.7 PBqg - within specifications
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Ce(NO,), samples: ICP-MS/AES

Measurements by CEA/LASE O,_W TR
AL g’ Ll L L
, L e L1
u 0.25 ml Sample Ce(NO3)3 dlluted ‘92 ;Ca 21 8¢ |2 Ti |V [*Cr ® Mn|?*® Fe | Co 2*‘DNi 2 Cu |* a 32:Ge 33:‘As ‘“a;e 353ﬁBr * }2:
100 times e e i o e dpl 4
Y o A T A AL
=  Semi-quantitative analysis 2 50% R
uncertainty S Ce [® Pr [ Nd |* Pm[® Sm|[® Eu |* Gd [ Tb [ Dy | Ho |® Er |[® Tm|® Yb | Lu
SV 1 T
m:[“i:fwijlw Np [ Pu [ Am[* Cm|e Bk [* Cf [ Es |'%Fm]"" Md|"No |* Lr
= |CP-MS/AES: =i
n Cerium — 30 ppm x 10° Ce(NO3)3 ICP-MS (250e-6 I): semiquantitive analysis
_I l 1 T 7T l T T T l 1 1 T l 1 T 7T L T mo
= 1, 140Ce (stable) as expected : _:N‘;‘Z’/“ "'7
= % 142Ce (stable) as expected 2r e .
= Traces of 44Ce as expected - e ]
consistent with 6 y old fuel e 1:Ce (stable) 7]
= No '3%La & No 4'Pr 2 | :
Good recovery process E o No™ka v -
* No significant impurities [ ]
0.5; ]
= 144Ce -1
But samples not fully representative U i e

of 3.7 PBq CeANG - first step R Y R R TR

Mass
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144pr Antineutrino Spectrum

= 144Ce-144Pr B/v spectra needed with % level precision
= Power-to-activity conversion factor: 216.0 * 1.2 W/PBq
= Prediction of the IBD rate depends on the #4Pr spectral shape

= Modeling of the 144Ce-14*Pr B/v spectra
= Fermi theory + nucleus finite-size effects + screening + QED corrections +
weak magnetism + recoils and mass effects 2> 1% uncertainty (theory)

= But forbidden 3-branches—> need for a measurement (shape factor, 10%)

Simulation of 144Pr from nuclear database data 144pr spectrum x IBD cross section
0.6 T T T T T 1.2

0.5f — — 1 1+

o
=y
o
o

e
)

dN/dE (MeV™)
o
w
dN/dE (cm2.MeV™")

o
o
T
o
-y

01f 1 02k

Il Il Il i i i i i i i
0 0.5 1 1.5 2 25 3 1.8 2 2.2 24 2.6 2.8 3
Kinetic energy (MeV) Kinetic energy (MeV)
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@ 144Ce-144Pr samples: [ spectroscopy

CEA spectrometer (under construction)

144Ce 144Pr

= Plastic spectrometers (+wire chamber)
= But low energy B’s from 144Ce pollute the
determination of the 14*Pr-v spectrum

= 144Pr only

= Need chemical separation of 44Pr from
144Ce (CEA/LNHB)

= But '%Pr mean life time is only 17 min TUM spectrometer (PRL. 112, 122501)

= So need to be fast...
= Detection methods:

= ("4Pr), in PS + PMTs
= ('44Pr), onto Si-detector

= Ongoing measurements. Needed by 2016

Th. Lasserre - Neutrino Telescope 2015



High-Density Tungsten Alloy
Shielding (HDTAS)
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rc

" Intensity ¥ >1 MeV
= 1380 keV - 0.007 %
" 1489 keV -0.3 %

144Ccea
284.5d

1(%) — Log(ft)

19.6-7.26 —

3.90-831 —

00 —m- o >
B-100 %
Q <318.7 keV
76.5-7.43 —
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1
33.6 534
1

13
2-

3.5

41

144Pr

17.28 m

133.5

100

80.1

59

0.0

Gamma Backgrounds of 144Ce-144Pr

= v rays produced by the decay through excited states of 144Pr
= Intensity ¥ >2 MeV

=2185keV-0.7%
(2.10"° y/sec for 3.7 PBq)

1(%) — Log(ft)
1.5 10 -8.88 2654.9
>10.4 2368.3
1-
1.05 - 6.311 2185.7
+
6.2 10 -10.22 2 2072.8
> 2185.7
B-100 % 3-
Q< 2997.5 keV 1510.7
1489.2
2+
1.04 —9.203 l A2 696.5
696.5
. I !&
97.9 —6.530 0 0.0
144Nd
2.31055y
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Steel flange

br Cables hole

ce in double
| capsule

Mockup at TU Miinchen
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@ HDTAS: Radiation Dose ere

..........

Computation by CEA/SPR Tungsten plug -‘kno y-leak validated

= Code Mercurad v1.10
= Code MCNPX v2.7.0

Hypothesis
= 5.5 PBgin '%4Ce
= y-emitters in Ce < 10-3Bq/Bq
* n emitters in Ce <10-°Bqg/Bq

=  Gamma Radiation dose
» at contact <120 uSv/h
=at 1 m <7 uSv/h
= Source: 144Pr de-excitation

= Neutron Radiation dose
= ‘at contact’ <100 nSv/h
=at 1 m <4 nSv/h
= Source: 244Cm SF (<10° n/s) 20 screws — 304L SS — 20x208: no y-leak
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HDTAS: Thermal Features

4.6 PBg (CeANG)-W temperature distribution alone in air at 38°C. Assuming a
temperature of 20°C. The temperature of the shield surface will be 80°C.

valeurs des isothermes (°C) valeurs des isothermes (°C)

1.52E+02 5.23E+02

1.51E+02 5.03E+02

1.49E+02 4.82E+02

1.48E+02 4.62E+02

' 1.46E+02 4.41E+02

1.44E+02 4.21E+02

1.43E+02 4.01E+02

1.41E+02 3.80E+02

1.40E+02 3.60E+02

1.38E+402 3.40E+02

1.36E+02 3.19E+02

1.35E+402 2.99E+02

1.33E+402 2.78E+02

1.32E+02 2.58E+02

1.30E+02 2.38E+02

| 1.28E+02 2.17E+02

1.27E+02 1.97E+02

1.25E+02 1.77E+02

1.24E+02 1.56E+02

1.22E+02 1.36E+02

1.20E+02 1.16E+02

HDTAS HDTAS + Capsule
T°C max in Averaged T°C in T°C max of inner T°C max of external T°C max of External
Cerium cerium capsule capsule HDTAS HDTAS T°C
526 398 434 338 153 119
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W-alloy top flange
(d=18.5 g/cm3)

W-alloy y cap
(d=18.5 g/cm3)

. “ Pe 3
—r \\
- /2
. do " N
! 0

144Ce source capsule
(d=4-5 g/cm?d)

=T

W-alloy shield core
(d=18.5 g/cm3)

Handling inside hot cell at Mayak
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144Ce-144Pr Antineutrino
generator transportation
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HOCK
ABSORBING
COVER
WOOCD
DRAIN LID
ORIFICE
2 CONCENTRIC

LEAD « O » RING
TRUNNION —
STAINLESS
S
TIE-DOWN —~ SIEEL
LUGS
LEAD
THERMAL
PROTECTION
COOLING
FINS
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A

AREV A

TN MTR

Suitable container for Nuclear Fuel

2m O x2mheight-M,_ ., =24 ton (30g '4“Ce...)
Large internal cavity (1 m © x 1 m height)

4 existing casks (3 for AREVA TN, 1 for CEA)
Packed into a 20’ ISO-container

CeSOX package certification

Engineering by AREVA TN & CEA
Thermal & Radioprotection studies
Need dedicated basket to hold the W-shield

Status

Request submitted to French authority (11/2014)
Validation expected by April 2015
Then need a validation in Italy (+4 months)




Transport Routes & Logistics

= |AEA Regulations for the Safe Transport of Radioactive Material
= Train/ Dedicated Boat/ Truck: 3 weeks (5% activity loss)

3 United
¢ Kingdom

Ireland
Eire

Espana

(Spain)}
L

Suomi
(Finland)

Eesti/

(Estonia)

lLatwa

Lietuvav AR N
~(Lithuania)>

l\_,r/“ N
\ Benapycb Y}
(Belarus)
/ %

Polska <
_\_\_'_’M/‘

(Poland)

\
Nethrvland ) ‘E

elgiaue Deutschland ‘_l\
Belgié! (Germany) ™\

3elg|um||
} ‘(\Ceska ie?\,\ /

(Czech Rep) /Siovensko

‘“Iovaklal
)\"'\_f
aqyarorczag
[Hungaty

Ykpaisa
(Ukralne)

_ _Usterreich, Moldova

‘\"” \, [Austria) r‘i
; Romania
o

ka\ (Romania)

Cpfwua

(.,evtua
~~Bbnrapns
_/_)I Bulgarua)

E)\)\uc

(Greece)
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lGeorgla)

IAEA Safety Standards

for protecting people and the environment

Regulations for the
Safe Transport of
Radioactive Material
2009 Edition

Safety Requirements
No. TS-R-1




Arrival of the CeANG at LNGS

Gran Sasso
. National
.. Laboratory
.

Rome

driatic
coast
y

Gran Sasso National Laboratory
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. e
------

Inserting the CeANG beneath BX

4 % é N\ = o = ([

CeANG+HDTAS
in final position

Custom trolley rails
Installation March 2015

\ CR1 clean room ——

Th. Lasserre - Neutrino Telescope 2015
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Neutrino Activity
Measurement

Th. Lasserre - Neutrino Telescope 2015
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Measure CeANG Heat with

Calorimetric measurement

a <1.5% precision T° sensors

Mesure water flow and T° at the
infoutlets: 0 =mC(T, -T,,)

Preventing heat leaks

= Conduction

= Suspension platform
insulation

= Convection
=  Vacuum vessel

= Radiation
= Multilayer insulation
= Vessel thermalization

Calibration with a dummy
electrical source

Th. Lasserre - Neutrino Telescope 2015

S

O

wat termalisation circuit

}

\Vacuum vessel

l

——1 “Water”
Vessel

HDTAS

multilayer 1
insulation

G11




CEA Calorimeter

vacuum
vessel

electrical
dummy

Earthquake proofed design SOU"CG

Calo prototype

44
Th. Lasserre - Neutrino Telescope 2015



» Super-insulator (radiation)

» |solating structure (conduction)

= Base supporting the HDTAS

= Vacuum chamber & Cooling

45
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CeANG inside SOX pit @ LNGS

Use based of TUM/Genova-Calo as trolley & cooling device

Slide the CeANG into the pit — Radiation dose controls (0.5 y)
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Deployment

Borexino Design

2200 8" Thorn EMI PMTs

(1800 with light collectors
400 without light cones)

Stainless Steel
Sphere 13.7m &

Nylon Sphere Muon veto:
saals — 200 outward-
pointing PMTs
100 ton
fiducial volume
~ Nylon fi!m
CeSOX target , Rn barrier
R<4.25m -
= 280 tons :
] CGH12 q Scintillat
cinclr actor
= #H:1.7 1031
(\

—" Water
Buffer

x Holding Strings :
Stainless Steel Water Tank Steel Shielding Plates

18m I 8m x 8m x 10cm and 4m x 4m x 4cm
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= Random coincidence between
two y’s from CeANG

= |DB-like event:
= Prompt: E >1 MeV
= Delayed: E in[2-2.4] MeV
» Time window: 1 ms (3 T)

= Simulations Scintillator

= GEANT4 (limited)
= TRIPOLI-4

| e-
Fake prompt
* Results:
= 210“event/day (w/o E cut)
0O(10-° event/day (w E cut)

= 50% uncertainty
= Negligible (HDTAS design)

“* Fake delayed
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Neutron Background

Minor actinides SF fission
= 10°Bq?*“Cm/Bq1#Ce

= 2 neutrons captured in BX
releasing 2 Y’s

= |DB-like event:
= Prompt: E >1 MeV
= Delayed: E;in[2-2.4] MeV
= Time window: 1 ms (3 T)

Scintillator

Fake prompt
= Simulations

= TRIPOLI-4 Fake delayed

* Results:
= < 0(10?) event/day
= 50% uncertainty
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Sensitivity Studies

3.7 PBq (100 kCi) - 1.5 year of data taking

Activity measurement uncertainty: 1.5%
Shape only analysis (- - -) & Rate + Shape analysis (---)

3.7 PBq '*Ce (0,=1.5%) @ 8.2 m from Bx center - 1.5 y - 90.000 % CL

10 ¢ T \ SHE B \ \ L P e P
101 EREIETEEEEEEEEREEEIE FEERIEIEEE TS EE (EE T PR HEIER = e Ot R e =
NA [ —
> r B
< o
210 — ]
Q — =
~_C — T
3 - L 3
g - -~ _
10 - T
E— rate + shape Satilly
| = = . shape.only |
|1 Reactorv.anomaly, PRD 83073006 (2011), 95% CL |
) [] Reactor v anomaly, PRD 83 073P06 (2011), 90% CL
10~ | [ R | TR R N B A
107 107 10

sin2(29 )

new

Exclusion contour (90% CL)

3.7 PBq ""ce (0,=1.5%) @ 8.2 m from Bx center — 1.5 y — 99.000 % CL
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Discovery potential (99% CL)
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CrSOX:

S1Cr next to Borexino

(Borexino Collaboration)
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S1CrSOX overview

3Y.Y9b d

=31Cr (EC decay) E,, = 427 keV 9 %
= E=0.75 MeV E,, = 432 keV 0.9 %
= t,»= 26 days

Ep = 747 keV 81.6 %
Ep = 752 keV 8,5 %

= Production through ny, .
irradiation of enriched 320 keV 10% SICr
S0Cr in a nuclear reactor

stable

= Need: 370 PBq °'Cr
» 62 PBq in Gallex/Sage

» Detection:
» y scattering off electrons
= Status:

= R&D phase
= To be deployed after CeSOX

Gallex source & shielc
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S1Cr source production

Re-use Gallex 36 kg °°Cr
= enriched %°Cr (38.6%)
= depleted in %3Cr (0.7%)

» Transform the Cr chips

into 650 metal rods Yy |
= Induction melting _--""
» Impurities?

* |rradiation at Oak Ridge HFIR
= 1 or2 40 days cycle(s)
= 180 PBq could be reached _

= After irradiation
= |nsertion in a custom made

capsule in hot cell
= Quick flight to ltaly

» Repeat operations to reach 10 MCi
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CrSOX sensitivity

370 PBq °'Cr source in 1 shot. Continuous activity measurement

100 i 1 1 1 1
}
10} { |
Global fit. Giunti et al. ‘
— Physical Review D, vol. e —
Y 88, 073008, 2013 ‘;‘_—'_5.' -
E 1 ‘A‘A E
\ .~ "
4 %
- RA (95% C.L.)
0.1k |—RA@%CL) i
B --- SOX Cr (95% C.L.)
--- SOX Cr (99% C.L.)
--- SOX Ce (95% C.L.)
--- SOX Ce (99% C.L.)
0.01 - - - -
0.02 0.05 0.10 0.20
Sin®20,4
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Conclusion & Outlook ~erc

Veeleey

= CeSOX
= CeANG: 3.7 PBq to be delivered in June-August 2016
= Shielding: Ordered to Xiamen (China)
= Logistic: Engineering design completed. TN-MTR licensing ongoing.
= Activity Calibration: 2 calorimeters being realized
= Borexino Upgrade: Rail system installation in 03/2015

= Risk: legal authorizations - schedule

= CrSOX
= CrNG: Feasibility study for producing 2 x 180 PBq at Oak Ridge

= Deployment: after CeSOX
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