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Scientific motivations

Am3, ~ Am3, = 2.4 - 1073 eV?

The Standard Model of neutrino oscillations
Am2, =8 -107° el/?
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The anomalies
LSND P(VH_)VG) 30m | Appearance
MiniBoone P(v,—Ve) and P(v,—Ve) 540 M )
51Cr - 37 i
GalleX, SAGE Cr -37Ar 1.9m -0.6m " [ Deficit
Reactors v flux 10 -100 M )
cannot be explained by the same matrix ‘

All of these hint to Am2=1-10 eV2 mass scale
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The hypotesis of the sterile neutrinos
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Combined analysis: 3+1 scenario

arXiv: 1303:3011
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Sterile neutrino properties

* noSM interactions

* no coupling with Z boson (LEP)
* mixing with active v’'s

= sin

0.01-0.2
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E=1-10 MeV = L=E/Am2=1-10m

$

Experimental requirements:

L. (m)

_ E(MeV)
1.27Am?(eV?)

—> Precision on L (vertex recontruction and compact source

dimension)

- High sensitivity (low background, large scale detector)
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Hunt the sterile neutrino

= With accelerators to test the MiniBooNE and LSND signal
T2K and MicroBooNE
MINOS-DayaBay v, disappearance Am?, < 0.8 eV? Arxiv:1607.01177 (2016)

=  With artificial source to test the Gallium anomaly

RICOCHET 37Ar V.

SNO+ 51Cr (EC) Ve

BOREXINO-SOX 44Ce-244Pr v, in 2018!
= Qthers

|CeCube: from sterile neutrino induced matter effect in atmospheric neutrino

lceCube 1605.01990 (2016)
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The SOX idea

Short neutrino Oscillation with BoreXino

A 144Ce-44Pr v, source (100-150 kCi)

under the Borexino detector at LNGS Laboratory

Signature signal of new sterile neutrinos:

* Deviation from 1/r? behavior of count rates
(“disappearance technique”)

* Direct observation of oscillation pattern (*waves”)
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The radioactive source

144Ce—> 144Pr +e+ Ve

144Pr - 144Nd +e+ Ve

long lived with low Q
short lived with high Q above the IBD threshold

Activity : 100 -150 kCi T,,,=285 days
85d

144, g-

<318keV 144pr

v, detected by Inverse beta Decay
Threshold 1.8 MeV

-h -
.

.‘.

(1)

neutrino energy (MeV)
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The Borexino detector

| Buffer liquid Built mainly, for solar neutrino:
— vie-—>V+e-
in an organic liquid scintillator

Santillator BRI T
2701 PC-PPO contained in g S
a 150 pm think nylon wessel |~ . 2

Ultra-low radioactive background
-, e Spatial resolution: 12 cm @ 2 MeV
Nylon Vessels [  Energy resolution: ~3.5% @ 2 MeV

internal: R=4.25 m
estermal; R=5.50 m

Fiducial volume estimation: 0.7% for 7Be

Tank See G. Bellini’s talk

Soh 3300 m* of water
ere [ ; 0
21?4 PMTs | - AL
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The Borexino detector Ultra-low radioactive background

e Spatial resolution: 12 cm @ 2 MeV
e Energy resolution: ~3,5% @ 2 MeV

The anti-neutrino detection by a coincidence measurement
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@ ' ~236ps . 22— —4— Data
g ¢ o0 Reactor neutrino
V@ .\ arempt ¥ (2.2 MeV) x R I Best-fit U+Th with fixed chondritic ratio
p . ~few ns ? 18:_ Il U free parameter
s S 16 Th free parameter
* geo-v:~5ev/yin3o0t Y (511 keV)«---® -+ (511 keV) S 14F-
f m -
. . =~ 12 T S
» distantreactors: ~10 ev/yin3o00t ¢ F PHYSICAL REVIEW D 92,
S qof- 031101(R) (2015)
o F
5 . o 8-— '
* accidental background: << 1 ev/y 5 F ot
s oF |
W 4F L,
. 21 ‘ }4«“
SOX IS baCkground free : | | | I | I | I T I I | |r:\—t£im
0500 1000 1500 2000 2500 3000 = 3500
expected signal: > 104 eventsin 1.5y Prompt Event Energy [p.e}

New calibration with many radioactive sources (next October)
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Two types of analysis
The rate analysis

It depends mainly of 6, P —1_sin220.. sin® Amj, L
We look for a deviation from 1/r? behaviour the amplitude of the oscillation B T AE
T2 do (E, T)
No(l, T1,T2) = ne (1) V(1) Pee(l, E) T dT
= Fiducial volume
. I[] 7 _ R 2
P(] Ar]2 Vil '.3-1“{_ : —— : )

The sensitivity depends on:

=]
)

arbitrary units
"-\.\ .

* Erroron source activity

* Erroronve spectrum

e FV determination a4

0.2

source

300 400 S00 GO0 00 B0 SO0 1000 17040
distance from external source (cm)
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Two types of analysis

Both the oscillation parameters
can be extracted independently

The shape analysis

The «waves» might be seen!

It does not depend on the activity measurements

% 8

P

—
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# neutrinos per (E,R) bin

I44Ce

Non-oscillated "*'Pr
I-V_-spectrum
|
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The SOX project

What we need:
* The source production /authorizations

* The activity measurement (1%) by two calorimeters

L YNy, &

O
" . L

* The v, spectrum measurement

Xy 'Y Bl -.,.w";

|

;, .
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* source activity (100-150 kCi) " AEINS

The final sensitivity will depends on:

» precision level of activity and spectrum measurements

* fiducial volume estimation
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At Mayak in Russia

The source production process

From spent nuclear fuel from
Research Reactor
purification
calcination
separation processes

Copper disk for better heat transfer

Free volume 25%

CeO2 powder
¥

. & Pressed up to density of 3 -5 g/cm3
o ; L}
3 Cu-capsules gz=277" Put inside the copper capsule
CeO2 powder ---------- ¥
7 Stainless Steel — - === inside the two vv‘evlded containers
cases
Inserted in the byological shield

The contract was signed last December!!

Neutrino Telescopes
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Source constrains

= Radioactivity

It must be very PURE!
- y emitter activity < 1073 Bq/Bq with respect to *44Ce
- neutron rate: 244Cm activity < 10~>Bq/Bq

with respect to *44Ce (max 10°n/s)

—> Alimit is put on several nuclides measured at Mayak
spectroscopy before the delivery

- Power from impurities 103 W/W with respect to 244Ce

“Na. *Ti-¥Sc. ®V. Mn. *Fe. 'Co. “Co. “Ni, ®Zn. ®Ge-%Ga. *'s1-"Y. *'Nb, *™Nb,
106, 106R}, 101pp 102py 102mpp 108m Ag. 1mmAg_ 1094 Wmey 19mg —Dmg 125¢p
Pes, Pes, PPBa, "PPm, Pm. "PPm. ¥°Pm, M'Pm. Sm, P'sm. P"Eu. *Eu. P*Eu,
1558y, MGd. 86d. 5 Tb. 5T, "'Tm. Lo, Lo "HELe. 7T 7mgr 0. 1%
192mp 193p, 195, 194Hg_194 Ay 207 20pp 3206y, 07g; 208p. 209p 228 3208
227 5 «3207p} 281 3208py 8273 208py zaﬁNp_ 236p,, B2y
28380 PP p M Pu- Am Am, PP Am-2Th, Pem>PP UL PMMom, 2 Bk-

244AI]]. 249Bk-249('f. 248Cf .249('1'1. 250Cf. ESZCf. ESEES. 254ES-2SOBk.
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Tungsten alloy shield

W-Ni-Fe alloy for mechanical properties
Closure lock
95% Tungsten (high density shield)
Ring for movimentation

Dosimetry issue Helicoflex gasket
—> Gamma dose: Tungsten alloy plug
8 pSv/hatim
from Pr decay (gamma of 2.2 MeV) [
source i J

- Neutron dose:
5 nSv/h atam

Weight: 2.2 ton Built in Xiamen Ltd, China
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The logistic

A journey to minimize borders:
* Mayak — St. Petersburg by train
e St. Petersburg — Le Havre by boat

e Le Havre — Saclay — LNGS by truck

Container: TN MTR
e 24 t container for nuclear fuel (CEA)

-\ v
\

Transportation from Mayak g/, CR1 clean room
to Hall C 1 month
In t'h(.e clean room for the , weeks N ey
activiy measurement:

i fnal position N
In the pit for data taking 1.5 year 3\

Custom trolley rails
Installation March 2015

\ CR1 clean room ———* -
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The activity measurement

P = mh(Tout, p) = M Tin, p)]

The activity is measured by knowing the heat released inside the shield and absorbed by a water flow

Final precision due to:

150 kCi 21200 W
T,,,=285 days
vessel
Heat losses (systematic)
Massflow measurement
(0.05 % accuracy)

Temperature sensors (mK accuracy!!)
Entalphy function (0.2% IAPWS)

vacuum

CEA calorimeter

Water at
contact with

the shield

Mass flow: 1-2 g/s

Difference of temperature: 40-50 °C

INFN-TUM calorimeter

vacuum tank water coil .

kevlar rope 4. copper heat

exchanger

P

Water
circulating in a

coil embedded

in a copper

Tungsten alloy shield

40N S e P

Water temperature
& \ sensors

heat exchanger

valves, pressure gauge,
turbo-pump, feedtroughs

Mass flow: 10 g/s

Difference of temperature: 25-30° C

Estimation of the system time constant

The goal was 1 %...but we are going to do better!!
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INFN/TUM calorimeter

CONVECTION RADIATION CONDUCTION
Vacuum system 2 stages of superinsulator (10 layers each one) System suspended by 3
Scroll pump Thermalization of the external chamber by kevlar ropes

Turbo molecular pump hot water

P<5-10% mbar
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Results from the electrical source calibration

Steady state: a constant power was applied

The temperature distribution in the system was studied as a function
of the setting parameters inorder to estimate the losses

0.35-
03 Parameters:
0951 o o * massflow value
2 02 . 5  entering temperature value
& 015 O - * temperature of the external
8 o oo o Data : vacuum chamber
008 Model
ol
0.05F | , , | , , | o
LA e AT Blind measurement:

Measured P =927.8 +1.3W  Set Power=92g9 W
0.3 % precision!!

In the best condition of measurement the losses result negligible!
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Results from calibration

Time dependent power, like the exponential decay

The time constant of the system is estimated for the final measurement

920
9151
910 —— Pmeas
Pset
— ——Pset
g 905 —— Pmeas no sm 914} — Prmeas
— — : —fitted curve _
5 900 g 2 fitted curve
= 8951 @ 15} i
O g 1
O 890+ & 0sf -
L0
[11]
885 & P a0T0en 2801 2000 2901 0940 2501 2320 : . . - . n
880L Abs Time 1.6 1.8 _ 2 2.2 2.4
Time (s) % 10°
8751 | | | | | -
27-0116:40 28-01 06:20 28-01 20:00 29-01 09:40 29-01 23:20
Abs Time

HME
= W
H20E §

920.0

9195 ¢
919.0 ¢
918.5 |

Fower [W]

At=15h Pw=oW

At=0 Pw=0W
At=0 Pw=-0.6W

5 10 15 20
time [hours |

Heat propagation time

N

P(t) = Pye  © +P,

t—At

>

Lost power <1 W

We are ready for the final measurement!
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Praseodymium Neutrino Spectra

0.0006}

0.0005

The beta spectrum measurement

0.0004

— Laubitz 1956
Graham et al. 1958
— Porter and Day 1959
— Daniel and Kaschl 1966
— Nagarajanet al. 1970
— Bosch et al. 1973

It influences: & 0.0003

0.0002

the source heat power (source-activity conversion)

0.0001

expected IBD interaction rate in Borexino

— C(W) = 1-(0.0834 + 0.03)/W

0.0000

0 500 1000 1500 2000 2500 3000

144Ce and 44Pr beta spectra both present non-unique forbidden transitions . eV
for which spectral shape is uncertain at the few % level
Some apparatus are under development:

at CEA in Paris at TUM in Munich

Reflective cylindrical shell - inner Inner cavity for (water-

surface tapped with teflon film \ liquid source depa
~ MWC
3 g i i
PMT Ian PMT - Scintillator
pl;stic P M
scintillator
-

42 mm

A proposal is submitted for using PERKEO Il spectrometer at Munich
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The SOX sensitivity

_ (100-150) kCil
Assuming 10 -
o -—— a =0015
0=0.015 activity meas - o, = 0.03
0=0.03 spectrum meas rates
LSS shape
—Shape “|— rate only
> Only
'."= 1} = — shape only
E -
(: -—
anomahes
- PRD &8 073008
Rate
| 95% CL
Only
et .
10" 99% CL
Thanks to both the analysis . e bean
the puzzle of 1 eV sterile —t— o .
. . 107 x10° ' 1 10”
neutrino might be closed!! o0g- e ‘303(3913) RN

Combined
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