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Philosophy of NEM O experiment

ummdp Neutrinoless Double Beta Decays (0vBp)
Majorana v and effectivemass<m,> ? or new physics (SUSY) ?

mmmp [\ easur e sever al isotopes (0vpB, 2vBP)
100|\/| O(~7kg) ’ 8256(~1kg) , 130Te, 116Cd’ 96Zr , 48C8., 150Nd
mmmp Tag and measure all the BG events

e, €', v, a, heutron
C Tracking chamber +Calorimeter +B-field+Shields

“zero background” experiment
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Expected values of <m > from neutrinos oscillations par ameters
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... Pascoli and Petcov, hep-ph/0310003
(best fit v, + Vg )

Quasi-Degenerate (QD):
<m_> > 50 meV

Inverted Hierarchy (IH):

15 meV < <m > <50 meV

Normal Hierarchy (NH):

<m> <5 meV

[ 99% CL (1 ]
104 L 23 could give the absolute
1074 10°3 1072 107! 1

lightest neutrino mass in eV Neutrino mass

(hep-ph/0503246 A.Strumiaand F.Vissani)



The Location of the NEM O3

NEMO 3ishere!
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The NEM O3 detector

FrgusUnderground Laboratory : 4800 m.w.e.

!//_\___;__ " -1%'"“‘““; . Source 10kg of BB isotopes

o H cylindrical, S= 20 m?, e ~ 60 mg/cm?

L Tracking detector:
. drift wire chamber operating

! |
: '. |I
T\ 5

= = . in Geiger mode (6180 cells)
| L\-- ! "-=.,_=... t Gas: He + 4% ethyl alcohol + 1% Ar +0.1% H.,O
L ! N ._ ] F]
B .._ |
iE Calorimeter:
]
o
A

ol o i
RO

1940 plastic scintillators
coupled to low radioactivity PMTs

i

Magnetic field: 25 Gauss
Gamma shield: Purelron (e = 18cm)
“ Neutron shield:

30 cm water (ext. wall)

40 cm WO0O0d (top and bottom)
(since mar ch 2004: water + boron)

n—>| Ableto identify e, e, y and a.
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Cathodic rings

g \\Vire chamber
PMTs ke 3 B L

!l Calibration tube

Cdlibration Source

207R;j

2e (1C) lines

~0.5 ,~1 MeV
NSr

y 6OCO

I

Bp isotope foils / :



How detect signals and tag the background ?

| dentification of e, vy, a

»Tracking (Identification e/others)
Delayed (<700us) a track
»Calorimeter ¢(y)~50% (@0.5MeV)
Possible for tagging ey, eyy, eyyy, ...
»Timeof flight ©,~300ps(@1MeV)
External Background reection
»Magnetic Field (Identification e/et)
3~5% e/e" confuson @ 1~7MeV

Study of Background Process

€2“Bi Tagged by e(y)a (~164us)
( 214Bj->214P0->210Pp)
O 05T| ey, eyy, eyyy, withy (2.6MeV)
or Taggd by e&(y) a (~300ns)
( 212Bj->212P@->208Ph)

@ Neutron Crossing e (4~8MeV)

| B=25G
Signal sour ce foil
/
B -~ |At~0ns
AL P T peoy)depy
|nferhial background |y _  Source cofftarhinations
\ie-/_] At ~0ns
p Vi
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BB decay isotopesin NEM O-3 detector

05 04

[ Bp2v measurement]

t [ 16Cd 405¢
Qe = 2805 keV

0 $Zr  94g
Qu = 3350 keV

19 150Nd 37.0g
u < Qg = 3367 keV

18
¥Ca 7.0g

Qpp = 4272 keV

10Te 4549 )
1415 Q= 2529 keV/
External bkg
10Mo 6.914kg #Se 0.932kg \ "Te 491¢ { measur ement J
Q= 3034 keV Q= 2995 keV
— — Cu 621g

J

[ BROv search ](AII the enriched isotopes produced in Russia)




Sour ces prepar ation
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Bp eventsselection in NEMO-3

Typical Bp2v event observed from 190M o

Transverse

Deposited energy:

E,+E,= 2088 keV
Internal hypothesis:

(A1) e (A e = 0.22 NS
Common vertex:

(Avertex), =2.1 mm

——| Run Number:
2040

Event Number:
9732

Date: 2003-03-20

Longitudi
nal
view

Trigger:

1 PMT > 150 keV

3 Gelger hits (2 neighbour layers + 1)

Trigger rate =7 Hz

BB events: 1 event every 1.5 minutes




Background events observed by NEMO-3...

%W % [L\%
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Electron crossing>4 MeV Neutron capture Electron + o delay track (164 ps) #“Bi — ?“Po — 29Pb

[
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Electron + Ny's 28T| (Ey = 2.6 MeV) Electron —positron pair _B)rej ection



Perfor mance of the detector

Tracking Detector :
> 99.5 % Geiger cellsON

» Vertex resolution:
2 e channels (482 and 976 keV) using 2°/Bi sources

at 3 well known positions in each sector
o, (AVertex) =0.6 cm
o, (AVertex) =1.3cm  (Z=0)

» et/e” separation with amagnetic field of 25 G
~ 3% confusion at 1 MeV

Calorimeter:

Time Of Flight:
» Time Resolution (Bp channel) = 250 psat 1 MeV

ToF (external crossinge ) >3ns

external crossing e totaly reected

> 97% of the PM Ts+scintillatorsare ON

» Energy Resolution:
calibration runs (every ~ 40 days) with 207Bi

Sources Ext. Wall | Int.Wall
5" PMTs 3" PMTs
FWHM (1 MeV) | 14% | 17%

» Daily Laser Survey to control gain stability of each PM

Expected Performance of the detector
has been reached




2B2v decay resultsin NEMO-3




Number of events/0.05 MeV
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100M 0 2B2v preliminary results

mmm UM Energy Spectrum

(Data Feb. 2003 — Dec. 2004)

219 000 events
6914 g

389 days

S/B =40

® Data

— 2B2v
Monte Carlo

Background
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15 2

7.37kgy

I2.5 B 3
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: Angular Distribution
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® Data
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SB

0.5

219 000 events
6914 g

w e R e e "
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=40

e R

1
Cos(0)

T,,=7.11 % 0.02 (stat) = 0.54 (syst) x 1018y




Number of events/0.05 MeV

2B2v preliminary resultsfor other nucle

180 EINEMO-3 932 g
160 389 days
i 2750 events
140
_ SB=4
120 |
100 ® Data
80 - - %/Igr\l’teCarlo
60 | Bockground
4o f
20 |
u [ " e ..t.
i5 2 25 3
E.+E, (keV)
180 FNEMO-3 405 g
160 J[ 168.4 days 60
140 16Cd J}f 1371 events
120 { SB=75 50
100 i’ 3 S
B0 o T Data ap
60 [ Jlo 1 KBy
Sesssssssm Simulation 20
40 ' 4
ED ............ ]M 1u
0 NI —
0 1 2 a 0
E,+E, (MeV)

8% T,,= 9.6+ 0.3 (stat) & 1.0 (syst) x 10°y
16Cd T,,= 2.8 % 0.1(stat) == 0.3 (syst) x 109y
10Nd T,,= 9.7 = 0.7 (stat) == 1.0 (syst) x 1018y
¥Zr  Typ,= 2.0=% 0.3 (stat) = 0.2 (syst) x 10¥y
Background subtracted
NEMO-3 379 | 225 | NEMO-3 539
168.4 days 20 % 168.4 days
150 449 events 17.5 72 events
Nd}[ sB=28 Zr S/B=0.9
+ Data 1S + Data
10 L
Bp2v pp2v
. smulation  7*° :l:' b i simulation
1L 5 -
BRI A ' Jf
betsseisesetent 2.5 J
[RREEes, O
1 2 3 D 1 3
E,+E, (MeV) E,+E, (MeV)



1Mo 2B2v Single Energy Distribution

_ Single electron spectrum different
4 }\ H SD’ higher levels between SSD and HSD
, \ contributeto the decay s 0 T
/ \ = VB = HSC e o s
/ \ II- TSRS e e
II 1 \\ SSD, 1+ level Simkovic,
S 7 0me N\ dominatesin the decay | e 8 2 225, 2000
1, \ '\ (Abadetal., 1984,
o+ ¢ \‘ \* Ann. Fis. A 80, 9) _
%Mo i -7 E;:;:(kevj);;_lé- .-
= . 1 3 F
£ 20 [NEMO-3 | * 457kgy | & *®|NEMO-3 | { | 457 kgy
% s | HH#MH *H E, +E,>2MeV '§ 175 | H*HHHH#H E, +E,>2MeV
b i el HIPEE
125 , H*i * {* ¢ Data 125 7 H++} { ¢ Data
S gzvnso | w M B
sl HSD Monte Carlo s +{ SSh [ Background
o | ++ higher levels } Babctkgr?elénd wf j§ SngeSae t &2 qubtracted
b x3ndf=139./ 36* ST | x2ndf=407/ 36++
° C; - L : 50 .«:.} 1250 1500 1750 2000 0 C; k500 - %750 iklOOOV " 1250 1500 1750 2000

Ednge (KEV) c Eqngie (V)
{HSDZ T,,=8.61 *+ 0.02 (stat) = 0.60 (syst) x 108y 100V 0 2B2v single ener gy distribution
SSD: Ty, =7.72 £ 0.02 (stat) £+ 0.54 (syst) x 10y in favour of Single State Dominant (SSD) decay



Search for 280v decay in NEMO-3




Number of events / 0.04 MeV

L imit on the effective mass of the M ajorana neutrino

Phase 1 (Feb. 2003 — Sept. 2004: 1.08 y of data) with radon bkg
(limits @ 90% CL)

100M 0 (6.914 kQ)
T1,(BBOV) > 4.6 108y
(m,) < 0.66—2.81 eV

30

—+— Data
- Radon simulation
- 2p2v simulation

100M o)

25
20
15

10 BROv (arbitrary units)

2.6 2.7 2.8 2.9 3 31 3.2
E,. (MeV)

[2.8-3.2] MeV: ¢(BpOvV) =8 %
Expected bkg=8.1 = 1.3
Nopserveg = 7 €VENtS

Previous limits: T,,(BR0v) > 5.5 102y
Ejiri et al. (2001)

Nuclear Matrice Elements Ref: Simkovic (1999), Stoica (2001), Suhonen (1998,2003), Rodin (2005), Caurier (1996)

Number of events / 0.1 MeV

82Se (0.932 kg)
T.-(BBOV) >1.0103y
(m,) <1.75-4.86 eV

. 82S —+— Data
10 - Radon simulation

- 2[32v simulation

BROv (arbitrary units)

0
24 25 26 27 28 29 3 31 32
E,. (MeV)

[2.7-3.2] MeV: ¢(BpOvV) =13 %
Expected bkg = 3.1 = 0.6
N observed = D €vents

Previous limits: T,,(Bp0v) > 9.5 10"y
Arnold et al. (1992)

Number of events / 0.1 MeV

14

12 -

Cu+naTe+30Te

In agreement with only
Radon bkg expected

—+— Data
- Radon simulation

31 32
E,. (MeV)



BBOv Analysis: Background M easurement

NEM O-3 can measure each component of its background !

> External Background 2%8T| (PMTs)
Measured with (e, y) external events

c ~ 1073 BBOv-like events year—t kg ~ with 2.8<E+ E,<3.2 MeV

- Only 2 (e",e),, eventswith E,+E, > 4 MeV
> External Neutronsand H Igh Energy gamma observed after 260 days of data (without boron)

Measured with (e,€),,, eventswith E.4+E, >4 MeV 4253 keV (26 Mar. 2003)
6361 keV (8 Nov. 2003)

In agreement with expected background

C < 0.02 BBOv-like events year—1 kg ~1 with 2.8<E,+ E,<3.2 MeV

A (uBa/k) | A (uBa/k)
> 28T| impurities inside the foils sources | from(e”,Ny) APGe meas.
Measured with (e7,2y), (e7,3y) eventscoming from the ____r;)_oe_';g?______gz__i__lﬁ_ | S110
60” ~ 0.1 BROv-like events year kg ~* with 2.8<E,+ E,<3.2 MeV _'®Mocomp| 115 + 13 <100
82Se 316 £46 ' 400 +100

I n agreement with HPGe measur ements

> 100Mo BB2v decay T,,=7.7108y (SSD)
~ 0.3 BPOv-like eventsyear— kg ~* with 2.8<E,+E,<3.2 MeV



Limit on Majoron and V+A
Phase 1 (Feb. 2003 — Sept. 2004: 1.08 y of data) with radon bkg
(limits @ 90% CL)

Limit on Majoron

10Mo: T, (BBOVM) > 1.8 102y 82Ser T, (BBOVM) > 1.5 102y
O a0 (DELIIMIY I OO
Limit on V+A
1OMo: T,,(BBOV V+A)>2310%8y 8Se: T,,(BBOV V+A) >1.0103y
A < (1.5-2.0) 10° A <3.210°6

Tomoda (1991), Suhonen (1994) Tomoda (1991)




Radon effect and fight against radon




a ppOv-like event due to Radon from the gas

Run 2220, event 136.604, May 11th 2003

E1+E2= 2880 keV

-

A

Enall

o track
" (delay = 70 ps)
Iy 214pg _s 210ph

T

/

~ 214Bj — 214Pg
B decay
IN THE GAS




BBOv Analysis. Background M easurement

Radon in the NEM O-3 gas of the wire chamber

Dueto atiny diffusion of the radon of the |aboratory inside the detector
A(Radon) in the lab ~15 Bg/m?3

Two independant measur ements of radon in NEMO-3gas Bl "5 24P (164 pg) "> 219Pb

» Radon detector at the input/output of the NEM O-3 gas
~ 20 counts/day for 20 mBg/ m3

» (1le + 1 a) channel in the NEM O-3 data:
Delayed tracks (<700 ps) to tag delayed o from 24Po
214Bj —y 214Pg (164 ps) — 2%Ph
~ 200 counts/hour for 20 mBg/m?

mm) Good agreement between the two measurements

A(Radon) in NEMO-3 = 20-30 mBg/m3

||- ~ 1 BBOv-like eventslyear/kg with 2.8 < E;+E,< 3.2 MeV

Radon isthe dominant background today
for BBOv search in NEMO-3 !!!




NEMO Tent for Free-Radon air | nstallation

May 2004 : Tent surrounding the detector




Free-Radon Air factory

Starts running Oct. 4% 2004
In Modane Underground L ab.

1 ton charcoa @ -50°C, 7 bars

Activity: A(%?Rn) <15 mBg/m3 !
Flux: 125 m3/h a factor 1000

fresh air air filter deyer — _ _ 2 T 2 air filter
15 B/m® 0.3 pm | | 0.01 pm
| : : |
| |
| |
I I
| |
| : : |
RS [ S T
butter sircooler  cooled charcoal -
st st
COMp 085 50T (=307 (=307C)
{7 bars) 2x300%g
eXit with
charcoal  ~—
filter 1
150 m™#h
NEMD 3 NEMO 3 0.15Bg/m"
tent
(150 mof air)







(Without Radon)




NEM O-3 Expected sensitivity

Background
External Background: negligible

Internal Background: 2%TI: 60 uBg/kg for 1®Mjo
300 uBa/kg for 8Se
214Bj : < 300 uBg/kg
~0.1count kgty 1 with 2.8<E,+E,<3.2 MeV

BR2v 1Mo: Ty, =7.14108y
~0.3count kgty - with 2.8<E,+E,<3.2 MeV

In 2009 after 5 years of data

6914 g of Mo T,,(BBOV) >4 10y (90% C.L.)
<m> < 0.2-13eV

932 g of 82Se T,,(BBOV) >8.102y (90% C.L.)
<m> < 0.6-1.7¢eV

Nuclear Matrice Elements Ref: Simkovic (1999), Stoica (2001), Suhonen (1998,2003), Rodin (2005), Caurier (1996)



From NEMO 3 to SuperNEMO




Expected values of <m > from neutrinos oscillations par ameters

From NEMO 3 to Super-NEMO

e T 7 = megpe=== g = p o= gpas=== g = gy = oao=ga= = = opom ey
i

... Pascoli and Petcov, hep-ph/0310003
(best fit v + vy, )

;Search Region of NEM \ Quasi-Degenerate (QD):

<m_> > 50 meV

[ ar
T

Inverted Hierarchy (IH):

15 meV < <m > <50 meV

Normal Hierarchy (NH):

<m> <5 meV

[ 99% CL (1 ]

104 L 23 could give the absolute
1074 10°3 1072 107! 1

lightest neutrino mass in eV Neutrino mass

(hep-ph/0503246 A.Strumiaand F.Vissani)



‘ From NEMO to SuperNEMO \

Factor 100 on the BB(0v) period T, reach few 10% S

Light Majorana neutrino exchange: <m, > ~50 meV

Detection gfficiency M ass of isotope BB (Q)

L3 N : Avogadro Number
TOV In2. N "¢ I .t ke, =1,6290% C.L.
2 (Y) > N . \.I A : Massnumber
kC.L. A f I BDFE ,8 t : measurement time (y)
Background (yt. gt kev™?) FWHM (keV)
M ass
~100 kg
Resolution

(FWHM): ~7 % at 3 MeV (will be dominated by source foil)
instead of ~ 11 % at 3 MeV for NEMO 3 (dominated by cal orimeter)

Efficiency
Improvement by a factor 2

Background
internal contaminations in 2%8T| and 214Bi to be improved by afactor of 10



SuperNEMO preliminary design

Plane geometry

Sour ce (40 mg/cm?) 12m?, tracking volume (3000 channels)

Modular (~5 kg of enriched isotope/module)
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Tl Lo u m &
O A TR T ST n LR e R
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P

100 kg: 20 modules Iw=]
~ 60 000 channelsfor drift chamber ::%
~20000 PMT T
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Side view
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Need of cavity of ~60m x 15m x15m
Possible in Gran Sasso or in Modane if anew cavity



Concluding Remarks

» NEMOS3isrunning for = 5 years
»  What we learnt with NEMO

* to identify and measure all the sources of background

» to build a very low-background detector

e to prove the reliability of the chosen techniques

* to purify BB isotopes by removing parents of 22Bi, 29Tl
* to remove background due to Radon (recently)

——> technique can be extrapolated
R& D program for Super NEMO

Thank you
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