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[he neutrino-less double beta aecay

. B B . allowed Bp e
2V[[3 decay: (A, Z) — (A, Z + 2) + 2 + 20, 2 NN"L 1 .N“k

® 2nd order process allowed in the SM
® Single 3 decay forbidden (energy & angular momentum)
OvBB decay: (A,7) — (A, Z +2) 4+ 2e~

neutrinoless 3

® process forbidden in the SM

.

(T7Y5) ™" = Gou(Qps, Z)| Moy |*n” 8B

® Light Majorana neutrino exchange

® Right-handed current (V+A), SUSY, 1 Majoron, etc.

1 | ] 1 L

BBOVX°  BBow

| ! l L

Different event topology in the final state 00 02

l0.4l I0.6l 0.8. I l1.0x
(T++T2)/ Q

Alberto Remoto
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Searching for OvB3 process

Measure the 2 e energy spectrum

® 2Vv[3(3 signature — Broad spectrum

® OV signal signature = Peak @ Qg

If no signal — set a limit on half life

NsIn2 ¢ M x t R O o

T1/2 No “A°VBxAE _
5 years time scale: Eg WW

® M ~ 10 - 50 kg of 33 isotope
® Background level 1078 cts. /(keV kg V) 102k

10 years time scale:

® M ~ 100 kg - 1t of B[3 isotope

® Background level 10 cts. /(keV kg V) 10%

Alberto Remoto
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SuperN

-MO: toward the new generation

Extrapolate a well known techniqgue (NEMO-3):

® 100 kg of B3 emitter in 20 detection module

® Approach Inverted Hierarchy region

NEMO-3 SuperNEMO
Efficiency 18% ~30%
Isotope | 7kg '®Mo | ~100 kg ®Se (‘ONd, Ca)
Exposure | sskgy | -500kgy
Energyres. | 8%@3MeV | 4% @3MeV
2007 (source) | ~100 uBakg | <2uBakg
24Bi (source) | ~ 300 Bakg | <10yBgkg

0.31-0.79 eV

0.04 - 0.1 eV

Calorimeter

Tracker Calorimeter

H

Jelel=k )

el
Ty

'r. .

i [t

e ket a b

") ‘-__!

A challenge under many aspects:

® R&D program in the past years
almost completed!

® Next step: Demonstrator module

Alberto Remoto
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SUuperNEMO: the demonstrator module

Calorimeter Tracker  Calorimeter

One SuperNEMO module — 7 kg ®2Se running ~2.5 y \ /\ \
® [0 be installed @ LSM (replacing NEMO-3) : =

Match SuperNEMO requirements
® Background level ~ 104 cts./(keV kg V)

® Background free at high energy (™*°Nd)

1y 5 A v ) D 2
D [ o o o wwm

Reach NEMO-3 (1%Mo) sensitivity in 4.5 months _
® Sensitivity: (my) ~ 0.20 - 0.40 eV 1 B 88 source

Schedule:

® Calorimeter & tracker under production

® Installation & commissioning in 2015 00 [

® First physics data by the end of 2015! 00

Alberto Remoto
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En\igmo S

Contribution from the labex A

Alberto Remoto ]
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Enigmaoss

Contribution from the labex

® R&D and production of 82Se foil source

Technical activities

L APP/L SM ® Development of the Slow Control system

® Chemical Se purification in collaboration with JINR (Dubna)

® Simulation/Sensitivity studies
Physics studies

® NEMO-3 Data analysis

® Detector installation + commissioning + running (2014 - 2016)
The next step

® Physics data analysis (2015 - 2016)

Alberto Remoto 6
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SUperNEMO: the source foll

® About 37 foils installed on the source frame in e ARty

.
N !l Il F  peese]esee
.

the detector center ;313 [ T T T T 1T T[T T Tviro[wack ]

13| 14} 15I161710 19| 20| 21(|22| 23|24 | 25| 26| 27| 28| 29|30 |31 | 32| 33[| 34| 35| 36|

® 5°Se powder mixed with PVA glue + nylon
mechanical support

® 5.56 kg of enriched 3Se, negotiation ongoing
for the remaining 1.5 kg

|
|

® 400g of Na'Se purified with chemical i

chromatography for radio-purity measurement
(LSM & Dubna)

Limits on foil contamination in 29Tl (2 uBag/kg) and 2“Bi (10 uBa/kg) are challenging

Alberto Remoto [

Friday, 28 November 14



—0ll source production @ LA

)

)

A. Remoto, D. Duchesneau, J.M. Dubois, A. Jeremie, T. Le Noblet

® | APP is in charge for the production of 1/2 of the
source for the Demonstrator

® A new design is proposed: light nylon fabric (tulle)
as internal foil support

® [oil production protocol is defined. All the tools are
ready! Improving the technigue with practice...

® All materials to be used in foil production have been
defined.

® Radio-purity measurements have been performed
(collaboration with LSM, LAL and LSC - Canfranc)

Se + PVA bulk

Tulle

Alberto Remoto
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—0ll source production @ LAPP

A. Remoto, D. Duchesneau, J.M. Dubois, A. Jeremie, T. Le Noblet

\— Where we were last year

Where we are now

Alberto Remoto 9
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Material radio-purity

A. Remoto, D. Duchesneau, J.M. Dubois, A. Jeremie, T. Le Noblet

Density A(214-Bi) A(208-TI)

Polyvinyl
alcohol

Nylon6-6 (tulle)

Alberto Remoto 10
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Material radio-purity

A. Remoto, D. Duchesneau, J.M. Dubois, A. Jeremie, T. Le Noblet

Density A(214-Bi) A(208-TI)
Material . Limit | Measuredvalue @90%C.L. | Limit | Measured value @ 90% C.L.
(e 7113 N SO RO SO
. _ [uBg/kg] [uBg/kg] . [uBakg] [uBg/kg]
82-Se 320 . 10 | jan. 2015 2 jan. 2015

Polyvinyl
alcohol

Contamination during sample production: there is room for improvement

Alberto Remoto 10
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Material radio-purity

A. Remoto, D. Duchesneau, J.M. Dubois, A. Jeremie, T. Le Noblet

Density A(214-Bi) A(208-TI)
Material Limit Measured value @ 90% C.L. Limit Measured value @ 90% C.L.
e T 11 3 N O SRS SO
[uBa/kg] [uBg/kg] [uBg/kg] [uBa/kg]
82-Se 3.20 10 jan. 2015 2 jan. 2015
Polyvinyl 130 100 | [532:1094]+77 | 20 <65
alcohol s s s s

N S <
i i \.w‘g\"\
4 4
I # 4

7 4
F 2

PSS P\/A (Sept. 2013) ‘ S8 Tulle (Apr. 2014) §

Alberto Remoto 10
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Sensitivity studies

A. Remoto, T. Le Noblet, D. Duchesneau

® Sensitivity study comparing different
T — l design of the source foll

.....................................................................

.........................................................................

e @ Results from recent radio-purity

fffgffffffffffffffffffffﬁ;ﬁﬁfﬁ;;ﬁ{{‘ﬁﬁ’fff"ffff;ffff.;...f?f"’f"fffﬁ; measurements taken into account

i .77 | e LAPP proposal provide compatiole

~IDEAL* | performance with alternative design

...........

—IDEAL |- ® T. Le Noblet M2 stage, March-July 2014

—TULLE | (currently Ph.D. student)

_ SuperNEMO Preliminary |—MYLAR|--- Qe . .
Tech. Note (September 2014) ——+—— ® Most recent sensitivity study available in

10 e P8 COllADOALION
10 10
Exposure [kg xy] ® Other relevant contribution on

simulations and reconstruction chain

BBOv Halflife @ 90 % C.L. [y]

Alberto Remoto 11

Friday, 28 November 14



NEMO-3 analysis : 1'°Co

A. Remoto

® NEMO-3 observed 10kg of different (33
Isotopes from February 2003 to January 2011

sources
60 mg/cm? foils
10 kg of BB isotopes

N

S
(1]

=il ;uﬂl)llL)lU

® Results among the most competitive to date

=\
J

\ )2
AR ENEER

==
i |
v‘_
==

® Final analysis for all the isotopes ongoing

PR 553\’“33\3\'.\‘
Bl bbbl llt

22D DD DD
(PR XA A A A A A A A

QEA AU ARS NG A ARG A S AT A A Y

a(--f-:-:-.':-;:-:»i-:c-;;.;;__l,-,_;’,:_:,:_,_ ‘ |

NEMO-3 "camembert" (source top view)

100-Mo (full stat.) published on Phys. Rev. D.
89.111101 (2014). Enigmass labs among the
authors

Full stat. for 82Se, 48Ca, ™°Nd published soon

I've recently join the analysis effort being in charge
of the 11°Cd analysis. Publication in 2015...

Alberto Remoto 12
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Control & Monitoring system

E. Chabanne, D. Duchesneau, T. Le Flour, S. Lieunard, J.L. Panazol

DETFC:I'OR
CENTRAL F— — — - CONTROL& - — — —, T =T
. . — — 7 7] MONITORING [T — — I I 2 § e g § S
® Control/monitor environmental parameters, | "™ |- - «<| Tswmen yﬁ
] I Dl I . ol o] [l
detector subsystems (local & remote) oy ¢ | |Frenmenta ::*j{;r
D | facilities I ot g
, EVENT [ _ _,_:i_|CONFIGURATION [, ::1
® Operate heterogeneous devices ~[BuwDER [T 7T ] MANAGER i | --;a;
I Col |t [ 4 LT
® Technical choice common with CTA project sTomAce || Data | —— 211885
MANAGEMENT
® [ake advantage of existing experience e — -
INFRASTRUCTURE
(LSM facility)
- z::::::::::zpply SuperNEMO LOGICAL VIEW
. Status: Trigger
® Collecting interface Control Document (ICD) from different sub-system
® Control & command use case definition (for each sub-system)
® First mock up of coll power supply to test remote control & monitoring
Alberto Remoto 13
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Enigmass

Conclusions :

® SuperNEMO activities developed within the ENIGMASS Labex are well advanced

® [he activities are expected to be ready by the end of 2015, in time for the
demonstrator installation/commissioning/running

® Publication dedicated to the activities under development at LAPP/LSM are
envisaged in the coming years (3 papers expected)

® The SuperNEMO group @ LAPP is growing: T. Le Noblet — Ph.D. student till 2017
® Conferences: Talk @ NOW 2014 (Otranto) & Poster @ Nu2014 (Boston)

® K. Lang U. Texas (MINOS+ spokesperson, chair of the SuperNEMO source foll
package) in sabbatical year @ LAPP since July 2014

Alberto Remoto 14
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KUPS

Alberto Remoto
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SEensy

—

V|

stugles

Alberto Remoto
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Source foil design

il | MYLAR

s F Bl ® Surface density ~1.6 mg/cm?

TULLE

® Based on the design used in NEMO-3
® 3°Se + PVA (5% - 10%) + 2 mylar backing film

® 12 um mylar film micro-perforated under an ion beam

New conception design
82Se + PVA (10%) + inner tulle (nylon6-6) mesh
100 um bobbinet tulle with hexagonal weave

Surface density ~0.7 mg/cm?

Se + PVA bulk

e

Tulle

Alberto Remoto
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—Oll parametrisation

® IDEAL:Se+5 % PVA Design | ¢ | VA | St | ’ |
-] -] [-] [mg/cm?] [g/cm’] [wm]
® [ULLE:Se+10% PVA +1.2 % nylon IDEAL | 0.95 | 0.05 | 0.00 52.5 3.11 169
TULLE | 0.888 | 0.10 | 0.012 56.3 2.98 189
® MYLAR:Se+5 % PVA+2mylar films | myiar| 095 | 0.05 52.5, + 3.2¢ | 311, + 1.47 | 169, + 24,
® Foil activity estimated as: Design | 3¢/ 5 | frvalfse | fsuppon/fse | ACHBL) ] ACTH)
-] [-] [-] [1Ba/kg] [1Ba/kg]
r IDEAL 1 0.053 0.000 62.0 3.4
A — L XA, TULLE | 1 0.113 | 0.014 154.9 12.7
fse MYLAR | 1 0.053 0.068 | 62.0, + 111.6¢ | 3.4, + 15.6¢
Alberto Remoto 18
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—Oll parametrisation

® IDEAL:Se +5 % PVA Design | 1% | A | T | ’ |
-] -] [-] [mg/cm?] [g/cm’] [wm]
® [ULLE:Se+10% PVA +1.2 % ny|on IDEAL | 0.95 | 0.05 | 0.00 52.5 3.11 169
TULLE | 0.888 | 0.10 | 0.012 56.3 2.98 189
® MYLAR: Se +5 % PVA + 2 mylar flms | myiar | 0.95 | 0.05 525, +3.2¢ | 3.11, + 1.4 | 169, + 24;
® Foil activity estimated as: Design | 3¢/ 5 | frvalfse | fsuppon/fse | ACHBL) ] ACTH)
-] [-] [-] [1Ba/kg] [1Ba/kg]
. IDEAL 1 0.053 0.000 62.0 3.4
A = f_l X A; TULLE | 1 | 0113 | 0.014 154.9 12.7
— 1Se MYLAR | 1 0.053 0.068 | 62.0, + 111.6¢ | 3.4, + 15.6¢
® J[ulle is considered uniformly distributed in the foil bulk
Alberto Remoto 18
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—Oll parametrisation

® IDEAL:Se +5 % PVA Design | ¢ | A foweer | ’ t
-1 | [ -] [mg/cm?] [g/cm®] [wm]
® [ULLE:Se+10% PVA +1.2 % nylon | /DEAL | 0.95 | 0.05 | 0.00 52.5 3.11 169
TULLE | 0.888 | 0.10 | 0.012 56.3 2.98 189
® MYLAR: Se +5 % PVA + 2 mylar films | wyiar | 095 | 0.05 525, +3.2¢ | 3.11, + 1.47 | 169, + 24
® Foil activity estimated as: Design | 5%/ | fevalfse | fouppor/fse | ACHBI) | ACET)
-] -] -] [uBa/kg] [uBa/kg]
£ IDEAL 1 0.053 0.000 62.0 3.4
A = L XA, TULLE | 1 | 0113 | 0.014 154.9 12.7
: fse MYLAR | 1 0.053 0.068 | 62.0, +111.6 | 3.4, + 15.6/
® J[ulle is considered uniformly distributed in the foil bulk
® T[he mylar layers are accounted separately from the source bulk
Alberto Remoto 18
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R.0O.1. method

The sensitivity Is defined as a limit on the decay halt-life

Constant depending
on the material /

\
‘Naln?2 Mx T
Tlo/”2 > AT ><©X( . )

W )| (S(b)
Signal selection efficiency: \

E Average upper limit on the
1 v dN number of signal events for a given
6i(ELow; EUP) Y ——dE : J
N Jg.,, dE mean expected background level

Exposure : 7 KgX 3y

Optimise the R.O.I. on order to maximise the &/S(b) ratio

Alberto Remoto 19
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-vent generation

Using Falaise-legacy + SNAnalysis

Generate BR0v, BR2v, 28Tl and 2'“Bi, consider the 2e- channel only

MYLAR design: 2%8Tl and 2'*Bi events generated also in the film

# of generated events

Desi Ov 2v | 208T| | 214B; o o
esign | 00w | P | Statistical uncertainties:
IDEAL 100 107 10 | 107
TULLE 106 107 107 107 . ~O2 % fOI’ BBOV & BBZV
MYLAR ® -3-59% for298T| and 214B;
(bulk) 10° 10” | 107 | 107
(film) 07 | 107 ® x2 lower than NEMO-3 syst. uncertainty

Simple event selection: 2 calo hits associated to 2 negative tracks with vertex on foil

Alberto Remoto
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2e” energy distribution — IDEAL

— TULLE

X10 X10
5 | S5 —— MYLAR (bulk)
= b ppov : BB2v .
g 15| 4o ---- MYLAR (film)
g | 2
10} 0.
5f 0.
: 3 3
0- L _11xX10 ] L1 ... 1]X10
2 2.2 2.4 2.6 2.8 3 3.2 2.8 3 3.2
X E __ [keV] E [keV]
1,2 calib. 1,2 calib.
-6
x10
5 [ =
< 30 <
1T} R 11}
T T
< s
T T
3 - 3
o1, 1IxX10 0'... b by, e e 1IX10
3 3.2 2 2.2 2.4 2.6 2.8 3 3.2
Z:1,2 Ecalib. [keV] Z:1,2 Ecalib. [keV]

2e” energy distributions do not strongly depend on the foil design

Alberto Remoto 21
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2e” selection efficiency in [2.0; 3.2] MeV

Design €ov €2u €T €Bi
[%] x1072 [%] | x1072 [%] | x107? [%]
IDEAL | 29.01+0.05 | 33.64+0.04 | 0.99+0.03 | 4.3+0.1
TULLE | 28.84+0.04 | 33.05+0.04 | 0.95+0.03 | 4.440.1

MYLAR
(bulk) | 28.86+0.04 | 31.75+0.04 | 0.92+0.03 | 4.5+0.1
(film) 0.73+0.03 | 2.7+0.1

® Overall decrease of the event selection efficiencies for 330v and BE2v
® Due to increased foll thickness
® [Effect more important for 332v in the MYLAR design (at low energies)

® No significant decrease for 29T and 2B

Alberto Remoto
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—stimated background level

IDEAL* design
® Se+5 % PVA (IDEAL)
® A(*"Bi) =10 uBa/kg
® AT =2 uBag/kg

N Naln2 e, xMx T
2 — X 50

W T2,
No1agi = Ao1api X €o148i X M X T
NoosT1 = AoosTs X €081 X M X T

Cumulative background distribution

3 n
10 \ ® Summed
102%_ .‘.%. ® BBZV
10 £ "o,
]é_ 'o.'. @ 208T]
-1 L
10 =
-2 >
©E | o, *
2000 2500 3000 3500
Z:1,2 Ecalib. [keV]

Move only the lower edge
of the R.O.l. [ELow; 3.5] MeV

We can move both edges...

Alberto Remoto
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—stimated background level

Summed background counts

3200

[keV]

y° 3100
3000
2900

2800

TI1208 counts

32 0 0 0.07 0.06 0.06 0.06 0.05 0.05 0.05 0.05
0.06 0.06 0.06 0.05 0.05 0.05 0.05
.06 0.06 0.05 0.05 0.05
0.06 0.05 0.05 0.05 0.05
0.06 0.05 0.05 0.05

53100

[keV]

E

3000

2900

2800

72900 3000

3100
E [KeV]
LOW

2800

72900 3000

73100
E  [KeV]
LOW

BB2v counts

3200

[keV]

y° 3100

3000

2900

2800

0.33,

2900 3000 3100
E [KeV]
LOW

2800

Bi214 counts

3200

0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04 0.03
0.07 0.06 0.05 0.04
0.07 0.06 0.05 0.04
0.07 0.06 0.05 0.04
0.09 0.07 0.06 0.05 0.04
0.08 0.07 0.06 0.04 0.04

[keV]

53100

E

3000

0.08 0.06 0.04 0.03
0.08 0.06 0.04 0.03
0.08 0.06 0.04 0.03
0.07 0.05 0.03

.09 0.07 0.05 0.04
0.08 0.06 0.04 0.04
0.08 0.06 0.04 0.03

2800 [@

2900

2900 3000 3100
E [KeV]
LOW

2800

0

0

.08

o
o)

.04

.02
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The Feldman & Cousins 90% C.L.

Sensitivity: Average upper limit on the number of signal events that would be
obtained by an ensemble of identical replicas of such experiment, each one with the
same mean expected background and no true signal

[Phys.Rev.D57:3873-3889,1998] and [JCAP 1106:007,2011]

Mean 90 % C.L. curve vs the background level

S(b) = EU(n|b)] = > P(n; b) {U(n|b))
n=0

z 120

2 L

'g 10

2 8:_ Feldman & Cousins upper limit for the signal
3 n and the mean predicted background b
X 6r

o L

§ aF Follow classical limit for large lbackground:
LL

N S(b) x a x Vb,

£ 05 10 15 20 25 30 35 40

Background Level [cts.]
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Sensitivity scan

[keV]

E

UP

3200

3000

2800

2600

ow . Naln2 exMxT
T > VAR S(b)
Method R.O.l. Bkg. Tlo/’/2
[keV] [c.t.s] [x10%* y]
R.O.l. 1d | [2720; 3200] | 0.74+0.06 6.09
R.O.l.2d | [2720; 3060] | 0.72+0.06 6.12

2600

2800

3000
E [keV]
LOW

BROv Halflife @ 90 % C.L. [y]

Alberto Remoto
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Sackground counts vs activity

Activity in [0 ; 15] uBa/kg
Optimised R.O.l.
Exposure : 7 kgx 3y

Compatible background level
among designs

® At target radio-purity level:

® -~0.15cts. in 29Tl and 214Bi

Alberto Remoto

Activity TI208 [ 1 Bg/kg] Activity TI208 [ 1 Bg/kg]

Activity TI208 [ 1 Bg/kg]

IDEAL Summed background

1
=

0.

16
14

0.83 0.84

0.81 0.82

12 .79 0.80 : 0.81 0.82:0.83 0.84
0.78 0.79 : 0.80 0.81 :0.83 0.84 : 0.

10 |0.76 077 : 0.78 0.79 :0.80 0.81 : 0.83 0.84 : 0.

.74 0.75 :0.76 0.77 :0.78 0.79 : 0.80 0.81 :0.82 0.84

8 F0.72 0.73 : 0.74 0.75:0.76 0.77 : 0.78 0.79 :0.80 0.81

H0.70 0.71 : 0.72 0.73 :0.74 0.75 : 0.76 0.77 : 0.78 0.79

6 10.68 0.69 : 0.70 0.71 :0.72 0.73

10.66 0.67 : 0.68 0.69 : 0.70 0.71§ .7

.62 0.63 : 0.64 0.65:0.66 0.67 : 0. X

0.76 0.78 : 0. X

4 lo.6a 065:066 067:068 069 :0.70 0.71:0.72 0.73:0.74 0.7

S S

X 74 076 :0.77 0.7
2 061062 063064 065:066 067:068 069:070 071:0.72 073:074 075
060 ; 0.61 062 ;063 064 066 067 ;068 069 070 071 072 073
0 ! L Ty s eral el Bt et el e}

0 2 4 6 8 10 12 14 16
Activity Bi214 [ 1 Bg/kg]

16 -_0 0.84 : 0.85

14 10.80 0.81:0.82 0.84

.78 0.79 : 0.80 0.81 :0.83 0.84

12 10.76 0.77 : 0.78 0.79 : 0.80 0.82 : 0.83 0.84 : 0.
F0.74 0.75 :0.76 0.77 :0.78 0.79 : 0.81 0.82 :0.83 0.84

0.78 0.80 :0.81 0.82

.74 075 :0.76 0.77 :0.79 0.80

1 0.82 :0.83 0.84 : 0.

10.63 0.64 : 0.65 0.66 : 0.67 0.68 : 0.69 0.70E g

.61 : 0.63 0.64 :0.65 0.66 : 0.67 0.68 : 0.

0.60 0.61:0.62 0.63 :0.65 0.66 :0.67 0.68
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0.69 0.70

0.81 082 : 0.
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“erformance comparison

® |[DEAL — TULLE — MYLAR

® Account for measured contamination

® |[DEAL"

® Ao =10 uBg/kg ; Acosti= 2 uBa/kg

® <18% (TULLE): <16 % (MYLAR) w.r.t. (IDEAL)

® J[ULLE and mylar compatible within ~3 %

Design R.O.L. €ov bkg. v
[keV] [%] [cts.] | [x10%*y]
IDEAL™ | [2720; 3060] | 17.44+0.04 | 0.7+0.1 6.12
IDEAL 2720; 3060] | 17.444+0.04 | 1.3+0.1 5.34
TULLE | [2720; 3020] | 16.98+0.04 | 2.4+0.1 4.40
MYLAR | [2720; 3000] | 16.44+0.04 | 2.1+0.1 4.50

Alberto Remoto
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Projet d’extension du LSM  F Piquemal

Projet final : 14 000 m3 (X4 LSM actuel)

Cavité: Longueur 40 m, Largeur 18 m, Hauteur 16 m

Etudes financées par Région Rhone-Alpes, Conseil Général de Savoie et CNRS

Financement travaux: CNRS, Région et CG73

Consultation entreprise pour savoir si le colt de réalisation est dans I'enveloppe
Budgétaire
Calendrier creusement si financement obtenu mi 2015 — mi-2016

Alberto Remoto
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