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Majorana Neutrino

Neutrino is the only fermion with Q =0

= Neutrino might be a Majorana particle v =V

Only two v states:

v, h=-1/2> ——— [|vg h=+1/2>

Massive Majorana neutrino = Violation of the Leptonic Number

Theorists already uses the Majorana neutrino in mechanisms beyond the Standard Model:

> Leptogenesis in the Early Univers through the Majorana neutrino to produce the observed
Mater/AntiMater asymetry

> See-saw mechanism to explain the small mass of the neutrino

Question: if antigravity exists, what appends for the Majorana neutrino ????




Standard Bp2v decay

For few isotopes, the 3-decay is forbiden
= [BP2v process: a second order 3-decay
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La désintégration BBOv

If neutrino is a Majorana particle = BBOv Process
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Process AL =2

» Majorana neutrino exchange v = v
 Right Handed weak current

e Majoron production

» Exchange of SUSY particles
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List of isotopes used in the Bp experiments

Isotope  Qgg(MeV) Gy, (y?)
#Ca 4271 2.44
8Ge 2.040 0.24
82Se 2.995 1.08
%Zr 3.350 2.24

100Mo 3.034 1.75
116Cd 2.802 1.89
130T 2.528 1.70
136y e 2 479 1.81
150Nd 3.367 8.00

Criteria for the best isotope

» High Qg value for bkg suppression
E,(28TI) = 2.6 MeV
Qp(*1Bi) = 3.2 MeV
» High G,
» High M,,
= uncertainty in the calculations
» High Mass
e capacity of enrichment
e Low Atomic mass A
» High efficiency of detection
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Natural radioactivity = Enemy of BpOv
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Summary of the Nuclear Matrix Elements Calculation
Final Report of the N4 ILIAS Network (FP6 European Program)
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Simkovic et al. PRC 77, 2008

i 4 QRPA Jyvaskyla
Suhonen et al. IIMP E17, 2008

Except 76Ge: recent calculation with
neutron occupancies : Suhonen PLB
668, 2008

T1,,(BBOV) for <m >

1024

48Ca 76Ge 825e %7r 100MO 116Cd 128Te 130Te 136Xe

M,, strongly depends on g,= coupling constant of the Gamow-Teller interaction = T,,,(0v) ~ (9a)™*

For both QRPA: the lower limit always corresponds to the free value g,=1.25 and UCOM?’ short range corrections (s.r.c.) and the
upper limit always corresponds to a strength quenched to g,=1.00 and Jastrow’ s.r.c.

In B-decay, the strength is quenched to g, ~ 0.8 — 0.9. Bp2v decay rates indicate also g4~ 0.8 - 0.9




Recent calculation using a third and independant approach:

M(O V)

The Interacting Boson Model (IBM)
Barea and lachello, Phys. Rev. C 79, 044301 (2009)
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In agreement with QRPA....




They propose a very simple formulae for M,,,, !

M,, = 89 A3

° @ Bm-2

80 100 120 140 160
Mass Number

Is it a real behaviour or a bias due to the theoretical model ?
QRPA has similar dependence, Shell Model is independant of A

—



Current best limits in BBOv search

. . Mass of Ty15(0v) <m,> (eV)
Isotope Experiment Technique . o
P P b isotope | Limit (90%) | QRPA Shell Model
8Ca NEMO-3 Tracko-calo 79 >1.310% - 21-29
Heidel.-Mosc. i
6Ge CEETIL 11 kg >1510% | 0.26-0.65 | 053-0.64
IGEX semicond.
82Se NEMO-3 Tracko-calo 1 kg > 3.6 105 1.01-2.28 1.94-2.36
100Mo NEMO-3 Tracko-calo 7 kg >1.110% 0.51-1.04 —
116 Solotvina | COWO. Crystal | g >1.710% | 1.45-3.13 2.06
Scintillator
130Te CUORICINO Bolometer 10 kg > 3.0 10% 0.34-0.64 0.54-0.68
136X e TPC Gothard Gas TPC Xe 3.4 kg > 4.4 102 1.31-3.15 1.67-2.10
150Nd NEMO-3 Tracko-calo 37¢g >1.810% IBM:2.9-5.1

« Shell Model: Caurier et al., Phys. Rev. Lett. 100 (2008)
Except 116Cd preliminary results (no s.r.c. correction): Private communication
* QRPA Tubingen: Simkovic et al., Phys. Rev. C 77 (2008)
* QRPA Jyvaskyla: Suhonen et al. Int. J. Mod. Phys. E 17 (2008) 1
Except "6Ge: recent calculation with neutron occupancies: Suhonen et al., Phys. Lett. B 668 (2008) 277
« IBM: Barea et al., Phys. Rev. C. 79, 044301 (2009)




Current best limits in BBOv search
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State-of-the-art: Limit ... or claim ?

Heidelberg-Moscow experiment

* 5 HPGe crystal with enriched "°Ge (~10 kg) running 1990 — 2003 = 71.7 kg.y

* Bkg ~ 0.11 cts/(keV.kg.y)

"Part of the collaboration claims 4.2c BB0v signal (NIM A 522 (2004) 371, PLB 586)
Best fit: T,,(BBOv) = 1.2 105 y
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(reject multi-compton events)

Significance and T,,, depends on background description
Recent analysis of the origin and description of background done by O. Chkvaorets (arXiv:0812.1206)

Peak significant (without PSA) 1.3 ¢
T,,=0.4-4.010% years (68% C.L.)




Ge claim and limits from other experiments
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Overview of experiments

Name Nucleus Mass* Method Location Time line
Operational & recently completed experiments
CUORICINO Te-130 11 kg bolometric LNGS 2003-2008
NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo LSM until 2010
Construction funding
CUORE Te-130 200 kg bolometric LNGS 2012
EX0O-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)
GERDA I/l Ge-76 35 kg ionization LNGS 2009 (comiss.)
SNO+ Nd-150 56 kg scintillation SNOIlab | 2011
Substantial R&D funding / prototyping
CANDLES Ca-48 0.35 kg scintillation Kamioka | 2009
Majorana Ge-76 26 kg ionization SUSL 2012
NEXT Xe-136 80 kg gas TPC Canfranc | 2013
SuperNEMO Se-82 or Nd-150 100 kg tracko-calo LSM 2012 (first mod.)
R&D and/or conceptual design
CARVEL Ca-48 tbd scintillation Solotvina
COBRA Cd-116, Te-130 tbd ionization LNGS
DCEBA Nd-150 tbd drift chamber Kamioka
EXO gas Xe-136 thd gas TPC SNOlab
MOON Mo-100 thd tracking Oto




The GERDA Experiment

Next generation °Ge B3 experiment at Gran Sasso
Under installation — Commissioning Jan. 2010

» Operation of bare °Ge diodes in
ultrapure cryogenic liquid Argon

» Background rejection

* Heidelberg-Moscow: o R | :
bkg~0.1 cts/(keV.kg.y) = Rl R - cryotank

« This bkg seems to be produced by s ;3"' detector array

external ¢ i e | _

» Goal of GERDA: achieve an

ultimate bkg ~ 0.001 cts/(keV.kg.y)




The GERDA Experiment

A stainless steel cryostat (25 t, U/Th<5 mBq/kg)
with internal Cu shield (20 t, U/Th<16 uBq/kg)
will contain 100 tones of LAr, 222Rn = <1 nBq/m?.
The cryostat is immersed in a water tank (590 t of water)

The Ge detector array is made up of
individual detector strings and is situated in
the central part of the cryostat

= water tank

LAr cryotank

it
detector array

( * All 8 existing and reprocessed enriched detectors from previous Heidelberg-Moscow and IGEX A
Phase | experiments = In total 18 kg of "°Ge
L « And 6 reprocessed natural HPGe detectors = In total 15 kg of Na'Ge )
( Phase |1 » The new BeGe (or segmented) detectors with PSA bkg rejection, made from recently produced )
enriched 75Ge material added (> 20kg of 76Ge) = In total 40 kg of 7°Ge + 15 kg of NaGe

-




The GERDA Experiment

Phase 111 ~ 100 kg

10 y of exposure &

LAr active veto with PMTs = Phase 1 JYE
bkg ~ 1 cts/(keV.ton.y) f el
1027 /
i <)
Phase Il ~ 40 kg 6Ge i /eﬂ Ty
- Add new (segmented ?) 75Ge diodes | nase!l ,,-f';' Q»\Q&
- bkg rejection with PSA 1026, (2014) \
- bkg ~ 0.01 cts/(keV.kg.y) E q O
- Phase | A\ K\@
— (2011) A\

Phase | ~ 18 kg "°Ge

- Use available 7Ge diodes
from HAM and IGEX

- bkg ~ 0.1 cts/(keV.kg.y)

10 25

24
- Can reach T,,=3.10%®y in e~ ... 1. g g

1 year 1 10 10 exp(l)(s)ure (kgy)

Will validate claim’s ?



The GERDA Installation @ LNGS

3400 m.w.e o ) . -
indglgrourd #  Start Commissioning: Beginning 2010

(T Detector string

Glove box & lock
Clean room

:  Cryostat & u-veto ey
| Heat exchanger & pipes P

I g -




The GERDA R&D

Testing of naked HPGe detectors in Liquid Argon

Long-term stability tests (3 HPGe detectors in LN2/LAr during 2 years)

tested in liquid Argon
FWHM ~2 5keV (at 1332keV),
leakage current stable

Problems reported from GENIUS-TF

[H.V.Klapdor-Kleingrothaus end | Krivosheina,
NINM ABS6 (2006) 472]

have been overcome by GERDA.

Long term stability for > 1 year.

Detector performances are stable in LAr !




Amplitude [a.u/]

The GERDA R&D

Novel Ge-detectors with advanced Ov[33-signal recognition

& background suppression
Segmented detectors BeGe detectors
© arXiv:0909.4044v1

* Ovfp: point-like events

« Bgd: multi-site or partial energy
deposition outside crystal

* LAr scintillation read out

5500 | - : _
5000 1 %*Th all events — |
» 4500 Ovpp-like I after PSD cut — |
€ 4000 |
n-type detectors __3_ 3500 p-type with small
with 18-fold © 3000 DEP readout electrode;
segmented é 2500 89.2% +0.9% Similar performance
electrodes = with thick-window
BEGe detectors

- Full energy absorption peak

- N
TR
§|+
=)
Iqq
=

soo— Double-escape peak i oo - s A
0 BpOv-like 1. 1560 1580 1600 1620 1640 %GOO“ ¥-bkg
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Overview of experiments

Name Nucleus Mass* Method Location Time line
Operational & recently completed experiments
CUORICINO Te-130 11 kg bolometric LNGS 2003-2008
NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo LSM until 2010
Construction funding
CUORE Te-130 200 kg bolometric LNGS 2012
EX0O-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)
GERDA I/l Ge-76 35 kg ionization LNGS 2009 (comiss.)
SNO+ Nd-150 56 kg scintillation SNOIlab | 2011
Substantial R&D funding / prototyping
CANDLES Ca-48 0.35 kg scintillation Kamioka | 2009
Majorana Ge-76 26 kg ionization SUSL 2012
NEXT Xe-136 80 kg gas TPC Canfranc | 2013
SuperNEMO Se-82 or Nd-150 100 kg tracko-calo LSM 2012 (first mod.)
R&D and/or conceptual design
CARVEL Ca-48 tbd scintillation Solotvina
COBRA Cd-116, Te-130 tbd ionization LNGS
DCEBA Nd-150 tbd drift chamber Kamioka
EXO gas Xe-136 thd gas TPC SNOlab
MOON Mo-100 thd tracking Oto




CUORICINO Bolometers

TeO, Bolometer: Source = Detector

Te natural: 349% of 130Te

74— Heat sink: Cu structure (8 mK)
< Thermal coupling: Teflon (G = 4 pW/mK)

Thermometer: NTD Ge-thermistor (dR/dT = 100 kQ/uK)
Absorber: TeO, crystal (C =2 nJ/K=1 MeV /0.1 mK)

For E =1 MeV:

Single pulse example

AT=E/IC = 0.1 mK
Signal size: 1 mV

Time constant:
t=C/IG=05s

| h

Amplitude (a.u) |

bz

Energy resolution (FWHM) T
~ 5'10 keV at 25 I\/IeV Time (ms)

3000

4000




CUORICINO detector

Gran Sasso Underground Laboratory (ltaly), 3500 m.w.e.

Total detector mass: 40.7 kg = 11.64 kg 3°Te

11 modules, 4 detector each,
crystal dimension: 5x5x5 cm?

crystal mass: 790 g
44 x0.79 = 34.76 kg of TeO,

2 modules x 9 crystals each
crystal dimension: 3x3x6 cms3

crystal mass: 330 g

9x2x0.33 =594 kg of TeO,
(2 enriched in 128Te @82.3%)
(2 enriched in *Te @75%)

Shielding:
- Cu box + Roman Pb inside cryostat
« 20 cm Pb & 10 cm borated polyethylene outside




A

CUORICINO results

[ Total exposure: 18 kg.y of 130Te

Bkg: 0.18 cts/(keV.kg.y) T,(BBOV) > 3.10%%y (90% C.L.)
| FWHM at 2615 keV: ~ 8 keV

. [ eocq
. | / BROv excluded signal

4

\ T Counts/keV
A
NO

2480 2520 2560 2600
Energy
TeO Model of background
Source 20871 Py 3-4 MeV
U/Th on TeO, surface - 20% 20%
U/Th on Cu surface 15% 50% 80%
St ..:1/ Th from external ys 85%  30% -
Cu

Origin of Background: 238U or 232Th contamination on the

l

surface of crystal and Cu structure facing the detectors




CUORE experiment

Assembling 19 towers similar as CUORICINO = Total = 988 crystals
Te natural - 741 kg "TeO, = ~ 200 kg #9Te

* 5 years of data collection
s FWHM =5 keV @ 2528 keV
* Bkg = 0.01 cts/(keV.kg.year)

Expected Sensitivity:
T,,(BBOV) > 2.1 x 10%¢y

19 towers
52 crystals / tower

s ~ Reduce background by:
CUORICING big = 0.18 cts/(keV.kg.y) e Material selection and proper handling

i | = * Shielding
CUORE Target bkg = 0.01 cts/(keV.kg.y) * Surface cleaning crystals and Cupper

Reduction factor = 20 * Avoid recontamination
- / * Improve detector design




CUORE bkg prediction

First test results (Hall C) on cleaning crystals and copper surfaces:
2 reduction of crystal surface contamination of a factor ~5

2 reduction of continuum background in 3-4 MeV region of a factor ~2

(Measured contaminations projected (Montecarlo) on CUORE \\

SOURCE BACKGROUND @ 2.5 MeV|

(10° counts/keV/kg/y) _
TeO, crystal bulk 13 target background:
TeO, crystal surface <7 < 0.01 c/kg/kevyy
Detector mounting bulk <~1
Detector mounting surface < ~25 presently projected bkg:
Experimental set-up gamma ~ 2 |
Environmental gamma ~ 0.002 < 0.04 c/kg/kevly
Environmental neutrons <~0.1
Environmental muons (no veto) ~ 0.4

... STILL WORKING TO IMPROVE THESE NUMBERS!

- special efforts devoted to crystal production and copper surface cleaning



CUORE-O: the first CUORE tower

» CUORE-O: first tower under assembly, will be installed in
CUORICINO cryostat in 2009/2010

— will demonstrate the assembly procedure improved during R&D years (gluing,
holder, NTD...)
— will demonstrate the bkg reduction obtained from R&D

Mostly: improvement of Cu surface cleaning
— 52 crystals (750 g each) already arrived and sefely stored in LNGS
— Bolometric test is presently starting in CUORICINO experimental facility

= Target: 0.01 cts/keV/kgly

» Full CUORE detector: commissioning is forseen in 2012:

— 1000 crystals funded by INFN and DoE
— CUORE Hut has been installed in LNGS
— Cryostat assembly under progress



Scintillating bolometers

Above 2.6 MeV, BKG dominated by o from surface contamination !

i 10° | 76 116
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Furthermore a not negligible part of the background can arise from high
energy neutrons from w-spallation




Scin’ri”a’ring bolometers

Light Detec:‘cor\l Ge p | ate

Scintillation signal

e
light a / (e7,y) discrimination
—>Thermometer
o © [ E—— Heat signal
release
Scintillating Energy measurement
~ 7 bolometer
D il S. Pirro et al. Physics of Atomic Nuclei, 69, 2109-2116 (2006)




Light Signal [a.u.]

Background measurement with CdWO4 crystal

200 | Pirro et al., Optical Materials 31 (2009) 1388-1392
| Large CdWO, crystal

00 3x3x6 cm3, ~ 400 g
] 44 days of measurement

200 : -
] Test done in the Test Facility Cryostat
1 = Not an ultra radiopure setup !...

100
| Sk No count observed

S above 2.6 MeV !l

0 1000 2000 3000 4000 5000
Energy [keV]

Ultimate bkg: - U/Th contamination on the surface of the crystal (and o escapes the crystal)

- Th contamination in the mechanical frames: pile-up of the 2 y’s (2615 + 583 keV)
- Neutrons (from p-spallation)

Using CUORICINO/CUORE measured contaminations (crystal and Copper surface),
the expected bkg, calculated with GEANT4 is:  bkg ~ 10~ cts/(keV.kg.y) !




ZnSe (82Se) an extremely interesting crystal

Many tests with different productions of large ZnSe crystals
For all crystals, inverted quenching for o has been always observed !

224Ra o, source

2 60 _ ~d . . Light

= - S A detector

Er‘] 400 | AL

e 8 _ ZnSe

:é; - ' (e 1Y)

B EDUt : 000000 00O0COGEOGEOGOEOOSOOOS Alozlapping
7] \T‘ powder

0.0 | i 224Ra o, source

ottt T T T
2000 4000

Energy [keV]

|
Several experimental tests have shown that o events with lower amount of

scintillation light are due to residual lapping powder (AlO, non scintillating) on the
surface of the crystal




Scintillating Bolometers: a very promising technique |

Positive results have been also obtained with:

» 1%Mo: ZnMoO,, PbMoO,, CaMoO,, SrMoO,

> 48Ca: CaF,,CaMoO,

> 82Se:  ZnSe (scint. quenching for o is < 1 = sensitive to surface quality)
But NO scintillation light with TeO,...

\ery promizing technique:
> High bkg rejection efficiency
> High BB0v efficiency
> Can study several isotopes: 16Cd, 82Se, 19°Mo and 48Ca
> Compact detector

Expected sensitivity with Crystal Isotope | My, (kg) | Mpg (ko) Bkg T1,(BBOV)
CUORICINO-like Crystals cts/FWHM/y | 90% C.L.
experiment cdwo, | uscd 51.1 14.8 0.5 0.6 10%
Assuming:
o5 years data ZnMOO4 1OOM0 272 118 03 06 1026
+ bkg = 10-%cts/keV/kg ZnSe B25e 34.0 19.0 0.3 102
» FWHM=10 keV CUORICINO | 130Te 38.8 10.48 56 0.06 102

mmp Larger scale test with enriched isotope must be performed



Overview of experiments

Name Nucleus Mass* Method Location Time line
Operational & recently completed experiments
CUORICINO Te-130 11 kg bolometric LNGS 2003-2008
NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo LSM until 2010
Construction funding
CUORE Te-130 200 kg bolometric LNGS 2012
EX0O-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)
GERDA I/l Ge-76 35 kg ionization LNGS 2009 (comiss.)
SNO+ Nd-150 56 kg scintillation SNOIlab | 2011
Substantial R&D funding / prototyping
CANDLES Ca-48 0.35 kg scintillation Kamioka | 2009
Majorana Ge-76 26 kg ionization SUSL 2012
NEXT Xe-136 80 kg gas TPC Canfranc | 2013
SuperNEMO Se-82 or Nd-150 100 kg tracko-calo LSM 2012 (first mod.)
R&D and/or conceptual design
CARVEL Ca-48 tbd scintillation Solotvina
COBRA Cd-116, Te-130 tbd ionization LNGS
DCEBA Nd-150 tbd drift chamber Kamioka
EXO gas Xe-136 thd gas TPC SNOlab
MOON Mo-100 thd tracking Oto




NEMO: a tracko-calo detector

B ENEE

» Source in form of thin foil, separated to the detector

» Detector combines :
e a tracking detector to reconstruct the two e~ tracks
* a calorimeter to measure the energy

= A complementary technique which allows to identify
directly the two emitted electrons




— | He NEMO-3 detector

Modane Underground Laboratory : 4800 m.w.e.

Source: 10 kg of Bp isotopes
cylindrical, S = 20 m?, e ~ 60 mg/cm?

Tracking detector:

drift wire chamber operating

In Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H,0O

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs




e O-3 detector
Modane Underground Laboratory : 4800 m.w.e.

Source: 10 kg of Bp isotopes
cylindrical, S = 20 m?, e ~ 60 mg/cm?

Tracking detector:

drift wire chamber operating

in Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H,0O

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield: Pure Iron (e = 18 cm)
Neutron shield: 30 cm water (ext. wall)

40 cm Woo0d (top and bottom)
(since march 2004: water + boron)




" The NEMO-3 detector

Modane Underground Laboratory : 4800 m.w.e.

Source: 10 kg of Bp isotopes
cylindrical, S = 20 m?, e ~ 60 mg/cm?

Tracking detector:

drift wire chamber operating

in Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H,0O

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield: Pure Iron (e = 18 cm)
Neutron shield: 30 cm water (ext. wall)

40 cm Woo0d (top and bottom)
(since march 2004: water + boron)

Radon-free air around the detector
 Phase | (Feb 2003 oct. 2004): High Radon

* Phase Il (Dec 2004 today): Low Radon
(Radon cont. reduced by factor 6)
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100Mo 6.914kg 82Se 0.932 kg
Qpp = 3034 keV Qpp= 2995 keV
——

| BBOv search |

/

Way Isotopes iIn NEMO-3 detector

05 04

[ Bp2v measurement]

t [ 16Cd 405¢
Q= 2805 keV

BZr 94g
Qg = 3350 keV

150Nd 37.0¢g
B < Qss= 3367 keV

¥Ca 7.0g
Q= 4272 keV

130Te 4549 )
Qpp = 2529 keV

| "Te 491g¢

. External bkg
measurement

Cu 621g¢g

J

(Enriched isotopes produced by
centrifugation in Russia)



— M event in NEMO3

Typical pB2v event observed from 1%°Mo

Transverse view

Deposited energy:
E,+E,= 2088 keV
Internal hypothesis:
(At)mes _(At)theo =0.22ns
Common vertex:
(Avertex), =2.1 mm

Run Number: 2040

Event Number: 9732 . . ;
Date: 2003-03-20 Longitudinal view

\Vertex
emission

-

L

—

(Avertex),, = 5.7 mm

Trigger: 1PM > 150 keV

Trigger Rate ~ 5.5 Hz

3 Geiger hits (2 neighbour layers + 1)

B evts: 1 event every 2 minutes

PP events selection

» 2 tracks with charge < 0« Internal hypothesis At~0ns

2 PM, each E> 200 keV « No isolated PM (y rejection)

» PM-track association * No delayed track (?“Bi rejection )
» Common vertex
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NEMO-3 Backgrounds Measurement Nim A606 (2009) 449-465)

» External y (if the y is not detected in the scintillators)

Origin: natural radioactivity of the detector or neutrons E
Main bkg for B32v but negligeable for B0v

N
(19°Mo and 82Se Qu~ 3 MeV > Ey(%8TI) ~ 2.6 MeV ) \/\/\/\/

e
{
7 AN
7\

ANTAWA

—— —

source e source

foil Y foil
_—— .h

source
foil

- - .’

—_— - - e_

pair creation Compton + Compton Compton + Méller

» 232Th (298T1) and 238U (214Bi) contamination
inside the BB source foil

“soure| 5 woores| 2
foil foil
X \ [ )
220Rn
—— 1 €T IC Yf‘ J e
beta + IC beta + Maoller beta + Compton *
218po++ 7 Y4
» Radon (?*Bi) inside the tracking detector “
- deposits on the wire near the B3 foil

- deposits on the surface of the 3 foil

Each bkg is measured using the NEMO-3 data




~ Measurement of the Radon inside the tracking detector

. P o
21“Bi — ““Po — 2%Pb Pure sample of 214Bi — 214Pg events
(164 ps)
[ 10°F ¥/ndf 5410 1 51
P1 0.1917E405 + 16.05
- P2 06688 +  0.1878E-01
\<\ - P3 @ 0.1633
i P4 0.3174E+05 & 0.2284E+05
214B| on the B ot L P5 16.31 + 2.481
- C Fraction of non ¢ events: D.SN
surface i
rce foil T,,=162.9 ps
\
\ 103 - 1 1 1 I 1 1 | I 1 1 ] | 1 | | 1 1
L l 0 200 400 600 800 1000
/ _ Delay time of the o track (us)

> Phase 1: Feb. 2003 — Sept. 2004
Radon Contamination

A(Rn), mBg/m?3
n

» Phase 2: Dec. 2004 — Today
A (Radon) =5 mBg/m?

I;I- MM.%W&—.@ . """?“‘\""F" . ""'P""""‘\P i
01 02 03 04 05 06 07 80 09 10 1 12




* Measurement of the 208T| (#3°Th) inside the BB source foil

[

208T| contamination inside the B3 source
foils is measured using internal (e~,y,y) or
(e,y,Y,y) channels

Bp material N A (mBq/kg) Appce (MmBq/kg)
Agreement with HPGe measurements
100 \o(m) 666 0.11+001  <0.13:<0.1:<0.12"
100 \jo(c) 1628 012+001 <017
82 446 034+ 005 0.670 L .
ste(” < . 208T| contamination in the Mo foils:
Se(Il) 507 044+004 04013 -
8¢, 42 115£022 <2 A(“*°TI) ~ 100 uBg/kg
967 158 2774025  <10.:<5.*
EZN“ 1332 g;i i g-gg m{i L) — 100Mo foils should be measured later
Te . . =<0, .. ;
nat e o | mae e g inside the BiPo detector
116¢q 196 0174005  <0.83:<05"
Cu 66  0.03+0.01 <0.033




Tops = 3.85 years

M(1%°Mo) = 6.914 kg

Data until the end of 2008

%Mo, 3.85 years 190Mo, 3.85 years
> >
Q 4n
%DDDU i @ Data 724486 evts = 10 |7 ® Data
- T 2vBR™ Mo - o 2vBp’"Mo
id‘iﬂDDU G *pn E 103 22pn
£50000 S internal BKG 2| internal BKG
Q ——  0vB3'""Mo da ? ovBp'""Mo
240000 2102
= =
30000
10
20000
10000 1
0 05 1 15 2 25 3 35 2 22 24 26 28 3 3.2 34 36
E o7 (MeV) Eror (MeV)

o e counting T, (OVBB) > 1.1x102%y @ 90% C.L.
methods are consistent <mv> < 0. 45 _ 0.93 ev




obs = 3-8D years

(82Se) = 932 g

Data until the end of 2008

82Ge, 3.85 years ®*Se, 3.85 years

® Data
2vpE*’Se
“’Rn
internal BKG
external BKG
ovpa*ise

@ Data, 15796 evts
Zvﬁﬁa‘?Se

R
(GEBEEREES adon

“55]  internal BKG
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~ SuperNEMO Project

Extrapolation of NEMO-3 detector = 100 kg of 8°Se
= toreach T,,(BBOv) > 10°%y

Modular detector with a planar geometry

—— o source: 4x3m?foil (40 mg/cm?)
J W o tracking :  drift cells in Geiger mode
N o calorimeter : PVT hexa scintillator

+ 8" low radioactive PMTs

EEEEEEE & =
EFEFEFFE e




Three main R&D challenges for SuperNEMO

In order to reach T,,(BpOv) > 102¢y with 100 kg of 8°Se,
the R&D targets are:

« Reduce Bp2v background NEMO-3
- T1p(BP2v) = 1020y for 82Se  ---mmmmmmemmmm oo 10Mo 7.10%8y
- Energy resolution Calorimeter FWHM =7% @ 1 MeV - 14% @ 1 MeV

* Reduce “%8TI and 2*Bi contamination inside B source foils
ABTI) < 2 uUBQ/KQ  -------emmmmemmrme e A=100 uBg/kg
A(?*Bi) < 10 uBg/kg

 Reduce Radon and Thoron contamination inside the detector
A(Radon) < 0.1 mMBQ/M3 oo A=5mBg/m3
A(Thoron) < 15 puBO/M3 oo A= 150 uBg/m3



Energy Resolution

* PMT 8” Photonis QE = 45% with dedicated dynodes
* Plastic Scintillator: PVT EJ200 (~ BC408)
» Hexagonal design

» Wrapped with ESR teflon and aluminized mylar on the entrance face

Measured with °°Sr spectrometer at CENBG

Crosscheck with 207Bij at UCL London } = FWHM @ 1MeV=71%

SuperNEMO Simulations
Results with e :
(9p]
Spectrometer S SuperNEMO

~ > 120 FWHM = 7%

= S 4

Enf_ _____ l __________________________________ pusestene| | — X 1026y

E: INEfit | c ~

-

Z . ~ NEMO-3
T o FWHM=14%
) 2 \\ =14%
7 § 60 < #

: -
55 i:.lai' ' h.lal ' i).ls' ' 1I - '1.I2' ' '1.I4' ' '1.I6' ' '1.Ia' ' L; 40— 2 I a4 I 3 8 10 12 14

Energy (MeV)

Calorimeter Resolution (% FWHM at 1 MeV)




BiPo detector
Measure the purity in 2Tl and 2*Bi of the SuperNEMO B source foils

Goal: To measure ~10 m? of foils (40 mg/cm?) in ~ 1 month with a sensitivity of:
208T| <2 uBg/kg and 2“Bi < 10 uBg/kg

Detect the BiPo decay cascade: beta + delay alpha

238u\ 214pg 232Th\ 212Pq
\\‘ B (164 ps) \‘ B (300 ns)
214Bj / l o 212B;j / l o
3 223y ® stable
2107 208 4
(1.3 mn) (3.1 mn)

Sandwich of two low radioactive thin polystyrene plastic scintillators
Time topology signature: 1 hit + 1 delay hit (and no coincidence)

o time
~3oo ns ~ 164 ps .
for 212Bj (208T1) for 214Bj




From the BiPo-1 prototype to the BiPo-3 detector

> BiPo-1 prototype of 0.8 m?

* Prototype of 0.8 m? running in LSM Modane
(20 modules of 20x20%0.3 cm? scintillators)

» Goal: Measurement of the backround level
(surface radiopurity of the scintillators) _
« Results: 32 BiPo events detected after 420 days of data collection &k

=) | Bkg level A(%8TI) =1.5 uBg/m?

> Next step: a BiPo detector of 3.5 m?
(construction in 2010)

 Goal: To measure 3.5 m? of 82Se B3 source foils
(thickness=40 mg/cm?)
 Assuming a background A(?°TI) = 1 uBg/m? (as in BiPo-1),
one can achieve a sensitivity of

mm) | A(%08T]) < 3 uBg/kg (90% C.L.) after 6 months of measurement




SuperNEMO demonstrator

> First SuperNEMO module in Modane

> 7 kg of 82Se

> EXxpected sensitivity :
T.,(BBOv) > 4.10%* years per year of data collection
Bkg ~ 0.1 cts/FWHM/year at Qg

» Goal : demonstrate the control of the background
Foil purity: A(°%8TI) < 2uBg/kg & A(?“Bi) < 14uBg/kg
Gas purity inside the detector: A(Radon)<0.1 mBg/m?3 & A(Thoron)<15uBg/m?3

> Installation expected in 2013 in Modane



Overview of Experiments
{

Name

Nucleus

Mass*

Method

Location

Time line

CUORICINO Te-130 11 kg bolometric LNGS 2003-2008

NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo LSM until 2010
| comtwcromfunang |

CUORE Te-130 200 kg bolometric LNGS 2012

EX0O-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)

GERDA I/ Ge-76 35 kg ionization LNGS 2009 (comiss.)

SNO+ Nd-150 56 kg scintillation SNOlab | 2011
| substnialRsDfumding/protoyping |

CANDLES Ca-48 0.35 kg scintillation Kamioka | 2009

Majorana Ge-76 26 kg ionization SUSL 2012

NEXT Xe-136 80 kg gas TPC Canfranc | 2013

SuperNEMO Se-82 or Nd-150 100 kg tracko-calo LSM 2012 (first mod.)
| ReDadorconcepuwaldesgn |

CARVEL Ca-48 thbd scintillation Solotvina

COBRA Cd-116, Te-130 tbd ionization LNGS

DCBA Nd-150 thbd drift chamber Kamioka

EXO gas Xe-136 thd gas TPC SNOlab

MOON Mo-100 thd tracking Oto




+ (Sudbury, Canada)

> Uses existing SNO detector

Heavy water replaced by liquid scintillator
(1 kton) loaded with 1°°Nd

1% natural Nd-loaded liquid scintillator in SNO
= 56 kg of 1°0Nd (before fiducial cut)

NatNd-loaded Liqg. Scint.

> Modest resolution (compensated by high statistical accuracy ?)

Slmulatlon 1 year data

> Liquid scintillator: Linear Alkylbenzene (LAB)

% +o

e Compatible with acrylic, undiluted o wE i Aonises B:"*

« High light yield, long attenuation length E e B S —

« Safe: high flash point, low toxicity 3 Fit: 76 e

 Cheaper than other scintillators £
> Requires engineering for acrylic vessel hold al: L|-|:‘ 0vBp signal
down and purification plant. [ / ill‘-LL'j

= Technologies already developed. 'E WL L TS ST .

3, 2 34 i ' Encrg) (Mci’)

> Start filling with scintillator in early 2011 214Bj 2v|3.|3 8 208T

Expected Sensitivity: T,,(BpOv) ~ 5.10%* yr after 1 year of data
Large uncertainty on Nuclear Matrix elements

However largest phase space factor (= 32 times more favorable than 76Ge )




Overview of Experiments
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Name

Nucleus

Mass*

Method

Location

Time line

CUORICINO Te-130 11 kg bolometric LNGS 2003-2008

NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo LSM until 2010
| comtwcromfunang |

CUORE Te-130 200 kg bolometric LNGS 2012

EX0O-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)

GERDA I/ Ge-76 35 kg ionization LNGS 2009 (comiss.)

SNO+ Nd-150 56 kg scintillation SNOlab | 2011
| substnialRsDfumding/protoyping |

CANDLES Ca-48 0.35 kg scintillation Kamioka | 2009

Majorana Ge-76 26 kg ionization SUSL 2012

NEXT Xe-136 80 kg gas TPC Canfranc | 2013

SuperNEMO Se-82 or Nd-150 100 kg tracko-calo LSM 2012 (first mod.)
| ReDadorconcepuwaldesgn |

CARVEL Ca-48 thbd scintillation Solotvina

COBRA Cd-116, Te-130 tbd ionization LNGS

DCBA Nd-150 thbd drift chamber Kamioka

EXO gas Xe-136 thd gas TPC SNOlab

MOON Mo-100 thd tracking Oto




-ITT (Kamioka, Japan)

* undoped CaF, (CaF,(pure))
— 48Ca (Qp~4.27 MeV)
— Attenuation length > 10 m
— Low radioactive impurities
 Low background detector
— 4 active shield (LS)

— Passive shield (Water, LS) { CaF2 pure ~us

— Pulse shape information —» qu Scint. ~10ns

» Good energy resolution
— large photo-coverage
— Two phase LS system

= FWHM ~ 5% @ 4.2 MeV

]

96 crystals "CaF2 (102 cm3) : Total Mass = 305 kg
= only ~ 350 g of 8Ca (natural abundance = 0.187%)

- Current R&D: enrichment using chromatography and Ca-doped Crown Ether
- Korean group also started an R&D program to enrich 4Ca by laser separation
= In 2012: Demonstrator for 48Ca enrichment 1 kg/year...

- If enriched 48Ca becomes available in the future, CANDLE would become a
competitive experiment

Enrichment R&D




~ CANDLE-IIT  (kamioka, Japan)

Jwll iIIuminate Kamioka

Kamioka room B . 31 R 305 kg (96 x 10° cm*3 crystals) of
—— - = . "~ i s natural-CaF,
N\ N | —350 g of Ca-48

First PMT was
installed at 24
June, 2009.

S. Schénert, TAUP 2009



Overview of Experiments

Name

Nucleus

Mass*

Method

Location

Time line

CUORICINO Te-130 11 kg bolometric LNGS 2003-2008

NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo LSM until 2010
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EX0O-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)

GERDA I/ Ge-76 35 kg ionization LNGS 2009 (comiss.)

SNO+ Nd-150 56 kg scintillation SNOlab | 2011
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CANDLES Ca-48 0.35 kg scintillation Kamioka | 2009

Majorana Ge-76 26 kg ionization SUSL 2012

NEXT Xe-136 80 kg gas TPC Canfranc | 2013

SuperNEMO Se-82 or Nd-150 100 kg tracko-calo LSM 2012 (first mod.)
| ReDadorconcepuwaldesgn |

CARVEL Ca-48 thbd scintillation Solotvina

COBRA Cd-116, Te-130 tbd ionization LNGS

DCBA Nd-150 thbd drift chamber Kamioka
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— EXO-200

> A liquid 13¢Xe TPC = compact detector: L ~ 35 cm, @ ~ 40 cm

® ~40cm

(WIPP, USA)

> 200 kg 80% enriched 13¢Xe already produced
> Qpp=2479 keV
> BP2v has not yet been observed T,,(BB2v)

> It combine ionization charge & Scintillation light readout

= FWHM =3.4% @ Q= 2479 keV

Background T 0
Eff. | RunTime J 12(BPOV) <m,>
Cts/[FWHM (90% C.L.) (NME N4-ILIAS)
70% 2yr 40 6.4 102 yr 0.11-0.26 eV
250 large area APD plane 0 ' | 420
L .._35 cm 400 : 1 400

lonization

300

250

w00 1 200

50

ol=

380N

150 1 150

100 Y100

{ 250
© 1300

1 250

a4 s

i 0
x10 0
15000
o000 ./

200 400 600 800 1000 1200

50001/

0 200 400 600 GO0 1000 1200
PMT charas



EX0-200  (wrp. UsA)
EXO-200 goes underground...

. . . . i il J J
...and commissioning will e

start end of 2009

g |
i éu | 1 P~
v { =¢!.ﬂ

..-u-l'-'-“'l_.::.. 1

Part of the EXO-200 infrusrrut':hra at WIPP, NM

._r-_!.-
......... |

EXO-200 at WIPP




mnfmnc, Spain)

> A High Pressure Gaseous 136Xe TPC (HPG-TPC) with 100 kg of 136Xe
» Pressure ~ 10 bars (e~ with energy ~ Qg traverses ~ 30 cm of gas)
Size of the NEXT-100 TPC: L ~140 cm, F ~ 140 cm
> Reconstruct the topology of B3 events: a track that ends in two “blobs” of energy
> Electroluminescence (EL) TPC for a better energy resolution
Target: FWHM ~ 1% @ QBB: 2479 keV (already achieved at lower energy with small EL TPC)
> Advantage: Gas Xe potential of providing event topology + very good energy resolutlon
> Challenge: Low density provides limited self shielding |

Energy Readout ~Prototype NEXT-10
PMTs R8520

EL TPC e iR - T '2;30
rj_ X {mm)
1 [
© ;JI
I3 ©  «—nprimary elect
{f‘ 2
Drrift region l Xe, 1 atm
l@ Metallic grid +1 kV
; ’ S VUV scintillation N
S ; Scintillation " @ ‘. photons
gl . region & -"§+L! S it
Tracking Readout ,ﬁ; o, etall g JOKV
2500 MPPC APD VUV photosensor




SUMMARY - Overwiev of B

3 experiments

Proiect lsotone Mass | FWHM | Bkg Cts/ | Bkg Cts/ | T12(BBOV) <m,> Time line
J Pel inkg) | @ Qpy |(KeVKOM(FWHMYY limit | (inmev) |Start-results
Construction / Commissioning
GERDA | 18 102 0.7 3.10% 200 - 500 2010-2011
GERDAII 5Ge 40 4 keV 103 0.2 2.102%6 80 - 200 2011-2013
GERDA I 100 103 0.4 2.10%7 25 - 65 ?
CUORE 130Te 200 5 keV 1072 37 2.10%6 40 - 85 2012-2017
EXO-200 136X e 200 40 keV | 25103 20 6.10%° 110 - 260 2010-2012
SNO+ 150Nd 56 ~200keV - ~ 80 - ~ 100 2011-2013
Substantial R&D funding / prototyping
CANDLE 3 | “8Ca 0.35 | 210 keV - - - - 2010-?
SuperNEMO| 8Se 100 | 210keV | 10* ~2 1026 60 — 140 2013-2020
NEXT-100 | 136Xe 100 25 keV 6.10%° 110 - 260 2014-2019
R&D
Scintillating | 8Se 19 1026 60 — 140
Bolometers | 116Cd 15 10keV | <10% | <03 6.10%5 75 -165 ?
1 tower 100Mo 12 6.10% 65 - 130




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60

