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Outline

® Neutrino Physics (“political”’) landscape

® Physics motivations for OVB

* NEMO-3

* Super-NEMO

® Competition (or complementary experiments)
® Any US future for Super-NEMO?




Motivation

Determine fundamental property of an elementary particle

(A. Smirnov.... “presently, one of two main questions about
neutrinos”...)

It will likely have far-reaching consequences in particle physics and
cosmology

... but most experiments are very much un-particle physics-like (at
least in a traditional accelerator sense) with little expertise in
hep/np communities

NEMO and Super-NEMO use hep/np techniques (at ~1MeV scale) !
A compelling argument for an hep experimentalist.




The Neutrino Matrix

The DNP/DPE/DAP/DPB
Joint Study on

the

The

Neutrino
Matrix

Future of

Neutrino
Physics

We recommend, as a high priority, a phased program of sensitive searches for
ne lltuuull_-ﬁ nuclear double beta decay. In this rare process, one afom:r nucleus turns

Searching for it is very challengipa h

emitting two electrons. s
of tthu‘her the neutrino s its oW ar ; ity e addressed via this technique. The
answer to this question is of central .mporfana nof only to our understanding of neutrinos,
but alse to our understanding of the origin of mass.

We recommend, as a high priority, a comprehensive U.S. program to complete
our understanding of neutrino mixing, to determine the character of the neutrino
mass spectrum and to search for CP violation among neutrinos. This comprehensive
program would have several components: an experiment built a few kilometers from a nuclear
reactor, a heam of accelerator-generated neutrinos atmed towards a detector hundreds of kilo-
meters away, and, in the future, o neutrino ‘superbeam’ program utilizing o megawatt-class
proton accelerator. The interplay of the components makes possible a decisive separation of
neutrino physies features that would otherwise be commingled and ambiguous. This program
is also valuable for the tools it will provide to the larger community. For example, the proton
accelerator makes possible a wide range of research beyond neutrino physics.

The development of new technologies uell be essential for further advances in neutring physics.
On the horizon is the promise of a neutrino factory, which will produce extroordinarily pure,
well-defined neutrine beams. Similarly challenging are the ideas for massive new detectors
that will yeeld the largest and most precise samples of neutrino data ever recorded. These
multipurpose detectors can also be used for fundamental and vitally important studies beyond
the field of neutrino physics, such as the search for proton decay.

We recommend development of an experiment to make precise measurements of
the low-energy neutrinos from the sun. So far, only the solar neutrinos with relatively
high energy, a small fraction of the total, have been studied in detail. A precise measurement of
the low-energy neutrino spectrum would test our understanding of how solar neutrinos change
flavor, probe the fundamental question of whether the sun shines only through nuclear fusion,
and allow us to predict how bright the sun will be tens of thousands of years from now.




Theoretical /

Fundamental ‘Matrix’ questions

Experimental

Questions

phenomelogical

Question

Are neutrinos their own anti-particles?
What are the masses of the neutrinos?
‘Do neutrinos violate the CP symmetry?
Are there sterile neutrinos?

Do neutrinos have exotic properties?

What do neutrinos tell us about the new models of physics and the evolution of the

universe?
What is the role of neutrinos in shaping the universe?

Are neutrinos the Key to the understanding of the matter-antimatter asymmetry of th
Universe?

What can neutrinos teach us about astrophysical objects
and Ultra High Energy Cosmic Rays?



Are neutrinos their own anti-particles?
—  Neutrino-less double beta decay expts.
IGEX, Heidelberg-Moscow,
CUORicino, NEMO,...

What are the masses/mixings of the neutrinos?
—  Lonyg baseline experiments
SuperX; SNO, K2K, KamLAND,

MINOS, NEXTEX, KATRIN; reactor
expts

Do neutrinos violate the CP symmetry?
—  Future offaxis experiments:
ANOvAa, 12%; ...

Are there sterile neutrinos?

—  Lonyg and short baseline experiments: SuperX,
MINOS, MiniBooNE,...

Do neutrinos have exotic properties?
— Al experiments try to shed some light

Several categories
of experiments

And now there is also
NuSAG (Neutrino Scientific
Assessment Group) to
recommend the specific
projects. .. (more later or

if asked...)



(from B. Kayser)

Neutrino (MassF spectrum
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Dirac and Majorana mass terms

In the W decay W+ — It + 1,

va >= 3 Ugilvi >
i

1 denote the mass eigenstates, « is for “flavor” eigenstates.

In the Standard Model, the lepton fields are:

The electron mass arises from the term of the Lagrangian
which (Yukawa) couples to the Higgs field:

L= f, < (> E[ER = MELER

here are no neutrino mass terms since m,, = 0.

With massive neutrinos, we need to add a right-handed neutrino field

The neutrino mass term(s) in L can now, in general, have more possi-
bilities, and in particular we can add a term:

mp@rpyy

But if we have v with all zero quantum numbers there is no reason

o -

And also no reason to have

which has the same mass as the first term
So

L,,,N = ?Hf_;uqfn.i_q;!)L —+ .'1i{fr¢!7;;dfj'i -+ 'nl;_}fﬁ}!_fi E.Jfﬁ

or

0 mg
m n M ,r; u ”

(7], Lr,rr] + h.c




Ly, = mpdvgryy + Mpovpvy + mpoiivy

S 0 mp v,
IRT | + h.c.
[ L R] [ mp Mg U}?
X - ﬂ mpn
M= MJ

can be diagonalized

ZTM,Z = D,

where

and the 17, becomes:

where

and

The see-saw mechanism

Thus, L, equals to:

L, = muiin + Mg,

where
: 1 4 . s
n = —i(1 = Sp") (v — ¥) + ip(vh — )
e 1 2 i

vy = plve +—vi) + (1= 507 ) (va + Vg)

with
= Cyf =1y
v [ %

vy =0C7vy =1
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Yublished 9 papers in his lifetime,
(including his 1932 relativistic theory of
particles with arbitrary spin)

Yis final paper in 1937 was "4 Symmetrical
Theory of the Electron and the Positron’
(introduced the revolutionary concept of
what’s now Known as a "Majorana particle’

Yrchived papers in the Domus Galileana in Pisa show
that he had already formulated these ideas
in 1933

(CERN Courier, 2005)

Fermi:

There are many categories of scientists, people of second and third rank,
who do their best, but do not go very far. There are also people of first
class, who maKke great discoveries, fundamental for the development of

science. But then there are the geniuses, like Galilei and Newton.
Well, Ettore Majorana was one of them...
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http://en.wikipedia.org/wiki/Catania
http://en.wikipedia.org/wiki/Sicily
http://en.wikipedia.org/w/index.php?title=Tirrenian_Sea&action=edit
http://en.wikipedia.org/w/index.php?title=Tirrenian_Sea&action=edit

Various and Complementary ways

to measure M,

Cosmology

2=

Beta decay

3
(mp) = 0o

Partial Slide from S. Elliott

Oscillation

12



P OvBp decay:
4 (AZ) (A, Z+2) +2e
Nu
d AL =2
W_
e =
. V=YV
and
V e-
WK m, 74 0
(helici
n :ll —— has to ffiyp)
d The lepton number

is not conserved
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Neutrinoless double beta decays
(after B. Kayser)

Uei " . Uei
W V\é

(A,Z)—>=— Nuclear Process —==— (A.Z+2)
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effective mass <mg> (eV)
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R Inverse
0.010

Effective neutrino mass in Ov B decay

LMA solution, crosshatched region with errors
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K+ Tc—u+ u+

<m_~
<m!~ll~l>
<m!~le>

K+

T Lte?




L to et conversion
uw+A,Z2) (A,Z-2)+¢e

AL =2
p{z a}n
u d
T e
\Y
“W~
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2

BR(K* — 7 ptpt) ~ 10-13%2)y Zz 2 f(my, /(100 MeV)

T2 'n?’lfj ) ) -Q[BR(I‘&+ — T [ H"‘)]LI“Z
/g - = 4 x 10
Ui (100 Mev/) =0 3 x 109

<m,> < 5000 GeV

oD +Tiopt+Ca) oo ()

P(p=+Ti— vy +8Sc) 250keV

<m > <150 GeV

L. Littenberg & R, Shrock, 2000
K. Zuber, 2000
S. Vogel & Vogel, 2002 18



BB History

BBR(2V) rate first calculated by Maria Goeppert-Mayer in 1935.
First observed directly in 1987.

Why so long? Background
T,,(U, Th) ~ 10%° years

T,,(BB(2V)) ~ 10%° years

But next we want to look for a process with:

T,,,(BB(0V)) ~ 10?57 years

25
b4
2004 claim: i
(i
=3
Available online at www.sciencedirect.com = % sk / b
u.“u@n.“w NUCLEAR PHYSICS B g
PROCEEDINGS 8 _
SUPPLEMENTS N
ELSEVIER Muclear Physics B (Proc. Suppl.) 143 (2005) 229-232 _— H
www.elsevierphysics.com 5
First evidence for neutrinoless double beta decay, with enriched "Ge in foo 200 20 T
Gran Sasso 1990-2003.

H.V. Klapdor-Kleingrothaus® * Figure 1. The total sum spectrum of all five de-
tectors (in total 10.96 kg enriched in “5Ge), in the
range 2000 - 2060 keV and its fit, for the period:
August 1990 to May 2003 (71.7kgy) (see [3]).

Max-Planck-Institut fiir Kernphysik, PO 10 39 80, D-69029 Heidelberg, Germany
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ADELBERG-MOSCOW Experiment

S -

] Sacricy Pl A
i ——

GENIUS-TF

25 April, 2004

BOREXINO

GENIUS-TF

AR HEIDELBERG- A -
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HEIDELBERG-MOSCOW EXPERIMENT
Total Spectrum (low-energy part) of all 5 Detectors
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H.V. Klapdor-Kleingrothaus et al.
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Main challenges in searching for OVBﬁ

Decay rate is: 1/T,, = G(E,,Z) M?<m g>2

G(E,Z) is a calculable phase space
M is a nuclear matrix element, calculable with difficulties
<M 5> is the effective neutrino Majorana mass

Have to suppress backgrounds due to natural radioactivity

omnipresent:

-
[=]
=]

a8

] ol
214$i

208Q'l'

Counts/{1 keV)

=S

214 Bi
\'\
hY
'l WC‘:- L Tﬂ BB{U\}

o rim'wu l*r h«m@w

T T T T T o T

:

8

2420 2500 258D 2660
Energy (keV)

Have to positively identify the final state (in most experiments just through an
excellent energy resolution)
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Candidate Nuclel for Double Beta Decay

QMeV)  Abundance(%)

\4

BCa=>*Ti 4.271 0.187
6Ge>76Se 2.040 7.8
82Gp=y 82 Kr 2.995 9.2
*Zr>"*Mo 3.350 2.8
1009 fo=3 100Ry, 3.034 9.6
110D = 110 ~ff 2.013 11.8
116 -9 116 G 2.802 7.5
121 G113 1240T, 2.228 5.64
130To=» 130 X e 2.533 34.5
136 Xe=» 15 Bg 2.479 8.9
IS0\ = 150 §1my 3.367 5.6
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The 2V decay is an unavoidable bacKground

With 2% resolution.

N 50 .
2.0 / N 40 | ratio
"'-,IIL o a0 - 1:106
104 |
; _
—— 1 - 5 =1 : IIHII-'-._ D I I L] I
o ! |
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5 / "H
/
0.5 /
.'-: .IIIIL_ -
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/r RH---E. 1:100
0.0 | | i | |
0.0 0.2 0.4 0.6 0.8 1.0

from S. Elliott
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Mass Limit ({meV)

Moore'slaw in Ovp decay

(progress in the last ~50 years)
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Nuclear matrix elements

In order to relate decay rate to the effective mass <m;;> we have to
know the corresponding nuclear matrix elements.

Any error in them is directly reflected as a like size error in <mg;>.

Two main theoretical approaches:
Shell Model (SM)
Quasi Random Phase Approximation (QRPA)

8 — —
Calculated values
- . . 2 -
C | Nuclear matrix |
T
U Ge
& _L 7
What can we learn from neutrinoless double beta decay experiments? 5 .
L]
John N. Baheall* Hitoshi Muravama,! and C. Pefa-Caray? :j 4 =
School of Natural Sciences, Institute for Advanced Study, Princeton, NJ 08540 .

{Dated: March 13, 2004)

Fy (y1)
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From Rodin et al. nucl-th/0503063.
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NEMO
Neutrino Ettore M gorana Observatory

NEMO collaboration

CENBG, IN2P3-CNRS €t Université de Bordeaux, France
| ReS, IN2P3-CNRS et Université de Strasbourg, France
LAL, IN2P3-CNRS et Université Paris-Sud, France
L PC, IN2P3-CNRS et Université de Caen, France
L SCE, CNRS Gif sur Yvette, France
Fes University, M ar occo
FNSPE, Prague University, Czech Republic
INL, Idaho Falls, USA
| TEP, Moscou, Russia
JINR, Dubna, Russia
JYVASKYLA University, Finland
KURCHATOV Institute, Russia
Manchester University, UK
MHC, Massachusets, USA
Saga University, Japan
Texas University, USA
UCL London, UK
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The NEM O3 detector

Frej us Underground Laboratory : 4800 m.w.e.

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

Tracking detector:

drift wire chamber operating

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

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield: Purelron (18 cm)

Neutron shield: borated water
+Wood

BaCkground n sl vwoadli Ay i s At Aly s 214D A 20T (a9 6 MeV)

Ableto identify e, e, yand o
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Cathodic rings
Wire chamber

30
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BP decay isotopesin NEM O-3 detector

05 04

0% 00

19
10

18

14 15
1OMo 6.914kg #Se 0.932kg
QBB = 3034 keV QBB = 2995 keV
— —— _
[ BROv search }

~5kg1®Mo purified in INL (USA)

[ Bp2v measurement]

A

[ 116Cd 405¢g
Qg = 2805 keV

%Zr  94g
Q,, = 3350 keV

10Nd 37.0g
Qu= 3367 keV

¥Ca 70¢
Qu= 4272 keV

0Te 454g )
Q= 2529 keV
>[

| "Te  491g

External bkg
measur ement

Cu 62lg

(All enriched isotopes produced in Russia)
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BB events selection in NEMO-3

Typical BP2v event observed from ®Mo

33



BB events selection in NEM O-3
Typical BB2v event observed from Mo

TranQ/erse Vi — Riun Niuimher: 2040
Transverse view —| Run Number: 2040

Event Number: 9732

Date: 2003-03-20 L ongitudinal

view

7

1Mo fail

Geiger plasma
longitudinal
propagation

Scintillator
+ PMT

I rigger: atleast1PMT > 150 keV
> 3 Geiger hits (2 neighbour
Trigger rate=5.8 Hz
BB events: 1 event every 2.5 minutes




Type Event informations :
runkumber eventHumber numberOfTrackPattern
2040 09732 2

Type Event informations :
runHumber eventHumber numberOfTrackPattern
1371 1558 1

2e event

Type Event informations :
runHumber eventNumber numberOfTrackPattern
1

s T

L

B - o (delay track) event 2“Bi — ?4Po — 2°Pb

eNyevent to measure 2%T1

Tvpa DCvsut intoInatione |
manbhawle - s EHEmbe e O F e ackT £ Rt
]

—_—

e —e pair event Bregection
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1Mo 2B2v preliminary results

(Data Feb. 2003 — Dec. 2004)

mmm SUM Energy Spectrum 12000 | Angular Distribution

Number of evenis/0.05 MeV

12000
NEMO-3 219000 events N NEMO-3 219000 events
10000 - 6914 g 10000 6914 ¢
100\ O 389 days L% 1000 o 389 days
I S/B =40 S/B =40
000 T 8000 ¢ ® Data
— 2B2v
6000 ¢ Data 6000 |- Monte Carlo
— 2B2v [ Background
Monte Carlo subtracted
4000 | g Backgrounc 4000
subtracted
2000 - 2000 |
D - =l — I e D it i e W A P S a
0 05 1 15 2 25 3 1 0.5 0 0.5 y
E, +E, (keV) Cos(6)
7.37kgy T,,=7.11+0.02 (stat) + 0.54 (syst) x 10y
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Number of events / 0.04 MeV

Limit on the effective mass of the M aj orana neutrino

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

100\ 0 (6.914 kg)
T..(BBOV) > 4.6 107y

(m,) < 0.66 — 2.81 eV

[
o

25

20

15

10

100\ o *+ >

B 252 simuiation

2.7

2.8 29 3 3.1

- Radon simulation

BBOv (arbitrary units)

3.2

E,, (MeV)

[2.8-3.2] MeV: e(BROV) =8 %
Expected bkg=8.1+ 1.3
N =7 events

observed ~

Previous limits: T,,(BB0v) >5.510%2y

Ejiri et al. (2001)

Number of events / 0.1 MeV

12

10

22Se (0.932 kg)
T,.(BBOV) > 1.0 107y

{m)<1.75-4.86¢eV

4~ Data

SZSe

0
24 25 26 27 28 29 3 31

- Radon simulation

B 22 simulation

BBOv (arbitrary units)

3.2

E,, (MeV)

[2.7-3.2] MeV: g(BROV) =13 %
Expected bkg =3.1 £ 0.6
N pearved = O EVENES

Previous limits: T,,(BB0v) > 9.5 10y
Arnold et . (1992)
Nuclear Matrice Elements Ref: Simkovic (1999), Stoica (2001), Suhonen (1998,2003), Rodin (2005), Caurier (1996)

Number of events / 0.1 MeV

-
P

-
N

-
o

Cu+mTe+¥Te

In agreement with only
Radon bkg expected

4~ Data

- Radon simulation

-]

o |
24 25 26 27 28 29 3 31 32
E,, (MeV)
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Limit on Majoron and on V+A (limits @ 90% CL)

Limit on Majoron

10Mo: T, (BROVM) > 1.8 102y 2Se: T,,(BBOVM) > 1.5 102y
g, < (5.3—8.5) 10 (best limit) g, < (0.7 — 1.6) 10
Simkovic (1999), Stoica (1999) Simkovic (1999), Stoica (2001)
Limit on V+A
10Mo:  T,,(BBOV V+A) > 2.3 10%y 2Ser T,,(BPOV V+A) > 1.0 108y
A<(15-20) 10 A <3210
Tomoda (1991), Suhonen (1994) Tomoda (1991)
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NEM O-3 Expected sensitivity

Background

External Background: negligible

Internal Background: 2°¢TI : 60 uBg/kg for 1Mo

300 uBg/kg for &2Se
214Bj : <300 uBg/kg

BpR2v Mo T,,=7.1410¥y
~0.3countkg?y ! with 2.8<E,+E_<3.2 MeV

~0.1 count kg?ty -t with 2.8<E,+E<3.2 MeV

&

in 2009 after 5 years of data

6914 g of 1“Mo

932 g of ®Se

T,,(BROV) >210*y (90% C.L.)

<m,> < 0.3-13¢eV

T,,(BROV) > 8.10%y
<m> < 0.6-1.7¢eV

(90% C.L.)

Nuclear Matrice Elements Ref: Simkovic (1999), Stoica (2001), Suhonen (1998,2003), Rodin (2005), Caurier (1996)
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From NEM O-3 to Super NEM O

NEMO-3

7 kg ™Mo M ass of isotope
T,,(BB2v) =7.10®y

T,,(BROV) > 2. 10*y Sensitivity
<m><0.3-13eV

FWHM ~ 12% at 3 MeV Energy resolution
(dominated by calorimeter ~ 8%) (FWHM of the BBOv ray)

EPPOV) =8% N
poor energy resolution Efficiency
e backscattering on scintillator

214Bj < 300 uBg/kg I nternal contaminations
208T| <20 uBag/kg in the source foilsin 2%8T| and 2Bi

BR2v ~2cts/7kgly

(26T1, 21Bi) ~ 0.5 cts/ 7 kg ly Background

SuperNEM O

100 kg 2Se
T,,(BB2v) =10*y

T,,(BROV) > 2. 10%y
<m,> < 40 — 110 meV

FWHM ~ 6% at 3 MeV
(dominated by source foil)

€(BBOV) ~ 40 %

214Bi < 10 uBg/kg
28T <2 uBg/kg

BPR2v + (?°8T1,2Bi)
< 1ctd 100 kg ly
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Super NEM O preliminary design

Plane and Modular Geometry (~5 kg of enriched isotope/module)

1 Module: Source (40 mg/cm2) 4 x 3 m2
Tracking volume: drift wire chamber in Geiger mode, ~ 3000 cells

Caorimeter: scintillators + PMTs (~1000 PMTYs)

20 modules: 100 kg of enriched isotope
~ 60 000 channels for drift chamber
~ 20 000 PMT if scint. block
~ 2 000 PMT if scint. bars




Water shield

T T T T ] P ATV

|
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
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3
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3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
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3
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3
3
3
sK
3
3
3
3
b
.

B R TR I TR T

A A A B A A A E A F A AT ST SSESESSETERISITS

A A AT AL AT LTSS SLE)

Need of cavity of ~60m x 15m x15m
Possible in Gran Sasso or in Modane if anew cavity
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Choice of the nucleus
T, BROv for m =50 MEV

510 ~[Sreirigaa Nuclear matrice elements
g ~ | sevr o4 Theoretical calculations
= i _ | AS 98—|AS 03
P T R _|sk o1 _ _
Ty Recent cal culation done systematically on

several experimental interesting nuclei
l i Shell Model: Caurier et al. 2004) private com.

QRPA Simkovic et al. (1999)

X I . Stoicaet a. (2001)
Suhonen et a. (1998 and 2003)

]I ]I l‘ II. Il“' ] & Rodin, Simkovic (2005)

%Ge %se %zZr Mo '"cd ¥%Te 3%xe

No strong theoritical criteria. Nucleus choice depends on:

enrichment possibilities RS
experimental technics - Q5= 2 995 keV
QBB value (phase space factor, background) Nat. abund. = 9.2%

BBR2v) life-time
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Enrichment of 82Se

Goal: To be ableto produce 100 kg of &Se

— T . SRR N T =
¥ ECP (Electro-Chemical Plant Svetlana) at Zelenogorsk

5 kg of #Se funded by ILIAS (Europe)

Enrichment:

1 kg of &Sein 2005
2 kg of #Sein 2006

5 kg of 8Sein 2007

Enrichment of 100 kg of #Seis possible
in 3yearsat ECP

Cost today ~ 40 k$/ kg

Participants: LAL (France)
ITEP, Kurchatov, JINR (Russia)
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Purification of 82Se

Goal: interna contaminations 2Tl < 2 uBg/kg and 2*Bi < 10 uBg/kg
(NEMO-3: 26T < 2 uBg/kg and 2*Bi < 10 uBg/kg

Chemical purification (INL, USA)

» 2x100 g "*Se already processed at INL

* We must purify 5 kg of &Se at INL
USA R&D

Source foils production
~250 m? with 40 mg/cm?thickness
AE/E ~ 4% (FWHM) a 3 MeV

Participants. CENBG, LAL, LSCE (France)
INL, MHC (USA)

Best solution: purify and prepare foils

Inthe samelab in INL (USA)
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Planning

2005 — 2007 : R&D program
2008: construction of the first SuperNEMO module with 5 kg &Se

2009-2011: construction and installation of the 20 modules = 100 kg of &Se
start tacking data with delivered modules

2012: full SuperNEMO running with 100 kg of 82Se
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Competition/complementary experiments

Next generation for the upcoming ten years

Experiment nucleus mass(kg) status  results T,,(¥) <m,> eV Location Expected bkg
(cts’keViv/ke)
CUORE HiTe 200 accepted + R&D 2015 2 10% 0.02-0.13  Gran Sasso 0.01
2015 6 10%¢ 0.01-0.07  Gran Sasso 0.001
GERDA (e 40  accepted + R&D 2010 2 1018 0.09-0.29  Gran Sasso 0
MAJORANA T"Ge 500 R&D 20157 2107 0.02-0.07 WIPP? 0.11
EXO 136Xe 1000 R&D 20157 810% 0.05-0.14 WIPP? 0

SuperNEMO  #Se ~100 2016 2 10% 0.04 -0.11 LSM or Gran Sasso 0.0001




CUORE Detector concepts

Energy absorber
TeO, crystal

C=2nJ/K
D
Heat sink %; Thermometer
T =10 mK _ wyvve NTD Ge-thermistor
/ s R =100 MQ
/ \ dR/dT = 100 kQ/uK
G

Thermal coupling

¢ Temperature signal: AT = E/C =0.1 mK for E =1 MeV
¢ Voltage signal: AV = | x dR/dT x AT = AV =1 mV for E =1 MeV

¢ Signal recovery time: t=C/G=0.5s

-

Energy resolution (FWHM): = 5 keV at 2500 keV
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CUORICIN Qprototype for CUORE

Active mass during first runs:
42 x 0.790 kg = 33.2 kg
17 x 0.330 kg = 5.6 kg

—  ~ 115
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Array of 988 crystals: CUORE

19 towers of 52 crystals/tower:
—> M = 0.78 ton of TeO,

Detector

Dilrtion it

T Themal shisids

. Miing chamiber
and cold finger

|

/70 cm

! ] %/ Deteclor

Lead shielding

Search for Ov DBD of 130Te
Qg = 2529 keV

Natural isotopic abundance [**°Te] = 34.08%
Therefore, isotopic enrichment is unnecessay

TEmping Suspension
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The Majorana Modular Approach a

e 57 crystal module
- Conventional vacuum cryostat made with electroformed Cu.
- Three-crystal stack are individually removable.

Vacuum jacket

Cold Plate
Tube
(0.007"
wall)
Cold ¥
Finger Ge
(62mm x 70 mm) 58
1.1 kg Crystal
Tray
(Plastic, Si, etc) =%
Thermal ke h
Shroud
Botiom Closure 1 of 19 crystal stacks
The Majorana Experiment June 1, 2005 NuSAG Cmt., Gaithersburg. MD



Experimental Considerations 3

To measure extremely rare decay rates
(1,,, - 102 -107 years) Majorana utilizes:
- Large, highly efficient source mass of enriched 7Ge

- Extremely low (near-zero) backgrounds in the Ovpgp
peak region-of-interest (ROI) (1 count/t-y)
® Requires ultra-clean materials & sophisticated discrimination
techniques
- Best possible energy
resolution
(0.16%, 4 keV ROI)

e Minimize OvBp peak ROI
to maximize S/B

e Separate 2vBB/Ovpp

dN/dE

L8
The Majorana Expernment June 1, 2005 NuSAG Cmt., Gaithersburg. MD

B 'l b 'l i ] il
0.0 0.5 L0 E
/Q
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EXO-200: a 200kg LXe TPC with scintillation
readout in a ultra-low background
cryostat/shielding

Heat exchange/shielding
fluid

200 kg chamber

Ultra-low activity
copper

MUSAS - Moy 31, 20K 14



EXO

The Ba-tagging, added to a conventional Xe TPC rejection
power provides the tools to develop a background-free
next-generation pp experiment

Energy resolution is still an all-important parameter to
disentangle the ovBg mode from 2vEg

Fiducial mass between 1 and 10 tons,
of 1%3¢)Xe at 80% depending on the status
of the field when we finalize the design

MuSAS - Moy 31, 2005 EXO &

55



Smgfo NUSAG

(tight funding implies more reviews)

K. Lang - The University of Texas at Austin

*NUSAG = Neutrino Scientific Assessment Group
joint DOE-NSF committee
DOE ONP (Office of Nuclear Physics)
DOE OHEP (Office of High Energy Physics)
NSF EPP (Elementary Particle Physics)
chaired by Gene Beier (Penn) and Peter Meyers (Princeton)
committee to make recommendations for specific neutrino  experiments

no action on funding of any (?) neutrino experiment
before the conclusions of this committee

unclear relation with P5
(US Particle Physics Project Prioritization Panel-
which is being (re)formed now)

 Three domains of NUSAG
reactor thetal3
neutrinoless double beta decay
long baseline off-axis

NEMO-3 / SuperNEMO Meeting Dubna, July 10-12, 2005



The Super-NEMO Experiment

Search for Neutrinoless Double Beta Decay

Expression of Interest

G. Hoffmann, 5. Kopp, K. Lang', R. B. Pahlka, M. Proga, L. Ray, J. Schambach
Department of Physice

The Unevereity of Tecos of dustin It

I Uhiwersity Stafion CiG), Austin, TX T8712-0264

5. Button
Department of Physice
Miunt Holyoke College —
A College Street
South Hadley, MA 01075-1440

J. Baker
Tdoho Notiono Loboratory (INL), Tdoho Fulls, 1D 83415

April 2005 |

1{;r|:||far't preTSOn; |.;|11.p;ﬂ |'|r~|'|. |,1fc::|:a5;.1'r| .
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Super-NEMO

 Super-NEMO seeks to expand from NEMO-3
— New groups:
« UCL, Manchester U. (UK)
 Osaka U. (Japan)
e University of Texas (proposed)

 An estimated cost (crude) - $20-30M

 Main contributing countries
— France
— UK
— Russia (mostly in-kind)
— USA (proposed, $5-10M)
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Concerns/issues

It is a non-accelerator experiment (funding issues!).
US will likely be a minority participant.
The experiment will be in Europe.

US participation compatible with the APS recommendations.
Very little risk.

We seek NUSAG endorsement with which we would
approach DOE and/or NSF.
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From NuSAG:

Super-NEMO — Np go.

e Super-NEMO: The Super-NEMO *?Se experiment is entering an R&D phase to prepare for
a 100 kg detector. Super-NEMO does not have a convincing path to explore the inverted
hierarchy neutrino mass region at present. SUPPOLt IS NOt & Priority.

To include some financial realism in the NuSAG recommendations, only a few approaches,
those that in our opinion have the best chances of success, have been given the highest priority
for the US program. It should be evident that other national programs may decide to prioritize
different projects. This would be beneficial as it would broaden the range of techniques explored
which, in turn, would result in a more objective selection of the optimal technique to be pursued to
the next stage.
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Summary and outlook

* OVBB physics is very compelling

e Several 100-200 kg experiments which may
reach the neutrino mass sensitivity in the
“Interesting” range
— Super-NEMO
— CUORE
— Gerda/Majorana
— EXO

 Super-NEMO - extremely appealing to
particle physicists
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BBOv Analysis. Background M easur ement

NEMO-3 can measure each component of its background !

External Background ¢TI (PMTS)
Measured with (e, ) external events
~ 103 BBOv-like events year! kg - with 2.8<E .+ E,<3.2 MeV

External Neutrons and High Energy gamma

Measured with crossing e or (e,e"), ., eventswith E+E, > 4 MeV
< 0.05 BPBOv-like events year-* kg -t with 2.8<E + E,<3.2 MeV

208T| impuritiesinside the foils ~ 60 uBg/kg
Measured with (e-,2y), (e-,3y) events coming from the fail

~ 0.06 BPOv-like events year-* kg -* with 2.8<E,+ E,<3.2 MeV —

Radon background suppressed by a
factor 10 in Dec. 2004 with aradon-free

air purification system

10OMo BB2v decay T,,=7.1410%y
~ 0.3 BPOv-like eventsyear kg -* with 2.8<E,+E,<3.2 MeV
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Possible US contributions to
R&D for Super-NEMO

Enriched isotopic source
— Large mass (82Se ?) purification process
— Develop source foils

Modeling and simulation
— GEANT4-based
— Optimization of a detector design

— Scintillator/Photodetectors (calorimetry)
— Tracking
— Data acquisition
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US in NEMO-3

« Super-NEMO will grow out of NEMO-3

 Present US participation in NEMO-3
— Mount Holyoke College (Sean Sutton)
— ldaho National Laboratory (INL, formerly INEEL)
(John D. Baker)

— Main involvement — purification of isotopic sources
(5kg of °Mo)
— Currently working on purifying #Se

« Small DOE HEP grant for Mount Holyoke College
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Colorado River (Texas)
Travis LaKe, Austin, TX

Fot: K. Lang (2004)



Sergev Pasad, near Moscow
Fot. K. L. : ‘
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A very different (l.e.,
perhaps naive) idea

Top view

Side view
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IHEP quotation for the module production

cludes 15 assembling details

A IHEP quoted price of the KOPIO module ( > 1600)

? -
| 1.340 scintillator Ses (1111015 cm?) 1 - Installation mount
Palystyrene | |s13.30
| Paratorphenyl (2% ofweignt) 5 - 520.75 T Phatodetector
POPOR (0.04% ofweight) 56.80
2.241 kG ofthe pre-cutpre-rollingiead sheets | I T — - APD screw cap
3. Acsembingparts il . 344.00 .
Front and rear light-fight covers 51200 Fiber's squeeze
 Front and rear cemp-plates ) — |s1Zo0 collar
Two compression wires and four wire :
Photodsts
| Photodetestor housing | Monitoring fiber
Squeseze gear of fioers = =
e ok e Rear light-tight
Fasw=nars. cover
4, 130 mofWLS fiber
{Fouraray ¥ 1 1-200M8- 1 mm) Wire tensioners
5. Packing box .
Labor 25.70
1. Malding of the scintillator tiles 830 |E 512240 | Reafr clar;lp-.p:late
[2Samping oftheleadies 7.0 T S S =1 :1] OLERIEe
Calibration rolling of lead 240 51800 98120 .
Cutting oflead R FET $1800 |s4140_ WLS fiber
. Punching of lead . - M 31800 | 53500 i =y
3. Formation of the WLS fibers |ose  [s1am0 51540 Lead/scintillator
Cutting of 72 fibers [} $1800 % sandwich
| Tharmo-formation of 72 fiber | __ |050 20 is1800 (AW 0 |
4. Assembling of module - 73 __|S1800 . m2a0)
Assembling 74] $1800 $133.20
_ Cutting and polishing ofthe bersbunch |05  |$1B00 (3900 — Lead
5. Test of module 20 |sieo0 | $30.00 tile
8. Packing of module (1] 51800 5200
Total FTE3.5E "LEGO"
NOTES: lock
1. The fabrication process of 500,000 scintillator tes and 500,000 lead tiles needs partial updating Scintillot
of stamps and the molding-forms, according of technology requirements during of mass- cin " otor
production cycle. The estimated cost is $34,000. tile
2. The effective test of the mass-production modules requires partial upgrading of the existed test
squipment. The estimated cost is $30,000.
3. Production rate is & modulesishift. g
4. TheWLS-fiber has to be delivered to IHEP thru KOPIO office Sand\?lch .
5. Costof the sea shipping (from IHEP to New York) is $6,400.00 per 400 modules (03/09/2005). compression wire
6. The exchange rate is 27,8 Russian ruble per §1.00 USA (03/09/2005).
7. The production costof module has to be comected atfuture according of the future exchange Front clamp-plate
rate. ¥ . i
= of sandwich
4 / Front light-tight
cover
Deputy Director of IHEP W A Soldatov Date:03/09/2005 ,9(17/
/ [ j 7

Production cost is $784.
Production rate is 6 units/shift




Shashlyk calorimeter module

Through simulation (Nucl. Instr. and Meth. A 531, 467, 2004)
and prototyping, we have improved the energy & time
resolution of Shashlyk modules over the past few years.
Four important innovations to reach AE/E = 3%/\E(GeV) are:

* New mechanical design (sampling term < 2.3%/VE );
* New scintillator (light ~ 60 ph/MeV, nonuniformity term < 0.5%);
* New WLS fiber (longitudinal fluctuation term < 1.1%/~E );

* New photodetector (QE~94%, photo-statistics term < 0.7%/E).

Cross sectional size 110110 mm?
Total depth (without Photodetector) 735 mm

Total weight 22.5 kG

Number of layers (Lead+Scintillator) 340

Scintillator thickness 1.5 mm

Lead absorber thickness 0.300 mm

Gap between scintillator tiles 0.350 mm

Active depth 19.4 X, (628 mm)
Effective X, 32.4 mm
Effective Ry 54.8 mm

Type of WLS-fiber and a fiber's diameter

Y11-200MS, 1.0 mm

Effective attenuation length of WLS fiber

> 300 cm

Fiber spacing 9.3x 9.3 mm?
Holes diameter in Scintillator/Lead tiles 1.3 mm

Fiber bundle diameter 14.0 mm
Emission peak of WLS fiber ~ 500 nm
Effective light yield ~ 60 photons/MeV
External wrapping (TYVEK paper) 150 w

g
Scmtlllato

I n 1"5..----!“‘“! L_\/___ HV

5 6
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Shashlyk - test beam results

The best results were achieved

for the calorimeter prototype with APD/WFD readout:

* Energy resolution
* Time resolution

* Photon detection
inefficiency

* APD gain stability

~ (2.920.1)%/VE(GeV).
~ (9010)psec /VE(GeV).

=~ 5x10° (for E,= 250 MeV and
incident beam angle > 5 mrad).

< 1% (for tested period of 24
hours).
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Simulation Parameters

L arge scintillator area was needed to capture most electrons
(.7% missed detector in this scheme)

10c
GEANT4 y
1 MeV electrons (“pencil IMeV e \7/ 1m
beam”)
0.5m travel through He at SAm
STP }< >
Scintillator: om
1m x Im x 10cm Zu

of EJ-204 v

1 million runs
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Results:
Position of impact

| counting efficiency vs. photon position

= 0.24— : ; ; :

2 e * total efficiency

g 022:_ ....... ......................... .......................... ........ i HSefﬁmenr:y ...... ............

— EE— ......................... ........................ -. ...... LH.S&ffic'ene ....... ............ ) s )

5 0'25 | | f ] R Wimulations are for three trials, 25000 photons

each.

CE decreased from last time due to reflection
coefficient decrease

(.95 ->.93) and ‘WLS distance decrease to 3
mm. Could not find

a reference for this number.

Also, couldn’t get NIM paper.

s il i i, %4 fibers, 1mm diameter, 1.5 mm plate

200 400 60 800 1000 1200

Position of source (mm) thickess
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Energy Resolution (%)

Results:

Energy resolution

energy resolution vs. number of photons

® 16fibers
B 64 fibers :

N
|IIII|IIII|IIII|IIII|IIII|IIII

I | L 11 1 | L1 1 1 | I I | | L 11 1 | L 11 1
5%00 6000 7000 8000 9000 10000 11000
number of initial photons

This figure shows the resolution
variation with number of initial
photons

®1.0 mm fibers
® Lots of improvement
over 16 fibers

® Limited improvement
over 64 fibers
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Results:
efficiency vs fiber diameter

> 0.45r :

b - countlng efflclency 5 : 5

@ BE o B e e e e B Y Lodd, s e s

g 04 8 144 fitors | *Error bars are included.

£ 5 < 100 fibers

@ 0.35 . N o arccns! T Mflbﬁrﬁ ...................

o C - 36 fIbElS ° .. .

£ - | | | | o tofibers This is for three trials at 25000 photons
% 0.3 | | per trial.

o

0.25
©5000 photons was an arbitrary number to

0.2 optimize error but minimize simulation

0.15 time.

0.1 Resolutions would be calculated using ~6K

— 10K photons.

0.05

- L1 1 | L1 1 | L1 1 | L1 1 | L 1 1 | L 1 1 | L1 1 | L1 1
Ba o6 08 1 12 14 16 1.8 2
fiber diameter (mm)
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Shashlyk Detector Design

Only the first few scintillator plates!
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(from Benton)

Study of a “Grooved” Surface

e NS

Volume is 1000 cmr’

Studied a flat surface
versus a ‘grooved”  surface with
three grooves

Groove height is 1 cm

= position of photon generation

Surface marked for detection

=
-
[

ol co'unting' efficiéncy vs. photon po.sitiun' |

=
-
£

gass

4o
g

q
rooved

o
......

Counting Efficiency
o
-
N

|
4y 4
» fla

t surfa

-050 40 30 -20 -10

0 10 20 30 40 50
Axial position along surface (mm)
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(From 2. Vogel)

If (or when) the OVPP decay is observed two problems must be resolved:

a) What is the mechanism of the decay,
i.e., what Kind of virtual particle is exchanged ?

The OVPP decay can proceed either by
1) the exchange of a virtual light (~ eV mass or less) Majorana neutrino,

or

2) by the exchange of some other much heavier (~ Te'V)
and as yet hypothetical particle that will also cause

b) How to relate the observed decay rate to the fundamental parameters,
i.e., what is the value of the corresponding nuclear matrix element?
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(from P. Vogel)
* In OVPP decay with the exchange of light Majorana neutrinos,

<Mpg> = |2 [Ugl? m; e}

where O(i) are the Majorana CP phases of U,

®  These phases are relevant only for Majorana neutrinos; they do not affect flavor oscillations.
The complete neutrino mass matrix is thus characterized by:

— N masses

= N(N:1)/2 mixing angles

= (N-1)N-2)/2 CP violating phases (Dirac)

—  N:1 Majorana CP violating phases

—  Thus N° parameters altogether

For N = 3 we know 4 of them reasonably well (but not the sign of

Amz,,), for another two, @, and the absolute mass scale, we have

upper limits, but we have no idea about the values of the 3 CP phases.
®  Independently of these phases

Max[2|Ug[*m ] - Z|U|? <<m33> <Z|Uei|2mi

These upper and lower limits depend only on the oscillation parameters and one mass m,, .
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Extrapolated panorama for PE(0v) ~ 2008
Experiment Detector Mass (kg) Isotope T, () <m > (eV)
NEMO 3 tracko-calo 6.9 1007 1o 4 10 0.2 -0.35
NEMO 3 0.9 2S¢ 8 10% 0.65 1.8
CUORICINO holometers 12 LilTe 4 10% 8.2 -1.2
EXO TPC 200 L36ye 310% 0.39-1.2
GERDA Ge diodes 20 Ge 3.10% 0.28-0.9
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Other task sharings

Calibration survey

Goal: To develop adaily calibration check to follow the absolute calibration at alevel better than 1% (currently 2% in
NEMO 3)

* Extrapolation of the NEMO 3 system based on laser light: CENBG (France), University of Texas

* System based on the use of LED light: CENBG (France), UCL (UK), University of Texas

Electronics and slow control

* Trigger: LPC-Caen (France)

* Data acquisition: CENBG, IReS, LPC-Caen (France), Manchester, UCL (UK)
* Slow control: IReS, LPC-Caen (France), Manchester, UCL (UK)

Simulations

Goal: To design the detector, to determine precisely the required energy resolution, the required level of radiopurity and
the ultimate sensitivity of SuperNEMO.

" CENBG, IReS, LAL, LPC-Caen (France), JINR, ITEP (Russia), Manchester, UCL (UK), Univ. Of Texas (USA)

M echanics
Goal: Design study of the detector
LAL (France), Manchester (UK)

Nuclear matrix element theory

Goal: To improve the nuclear matrix element calculations to predict the best B3 candidate.
e Calculations based on Shell Model: IReS (France)

e Calculations based on QRPA: Jyvaskula (Finland), Prague (Czech Republic)
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Per for 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
G, (AVertex) =0.6cm

G, (AVertex)=1.3cm  (Z=0)

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

Calorimeter:

97% of the PM Ts+scintillators are ON

Energy Resolution:
calibration runs (every ~ 40 days) with 27Bi sources

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

Daily Laser Survey to control gain stability of each PN
gamma: efficiency ~ 50 % @ 500 keV, E,, = 30 keV

—_—

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

ToF (external crossinge ) >3ns

external crossing e totally re ected

Expected Perfor mance of the detector
has been reached
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What have we lear nt with NEM O 3 detector

to identify and measure all sources of background

to control internal and external backgrounds at the level of 10 kg of enriched isotopes

to build a very low-background detector

to prove the reliability of the chosen techniques

to purify B isotopes by removing 2“Bi and 2%®T| contaminants

to remove background due to radon

to develop ultralow background HPGe detectors

to gain expertise in developping radon detectors sensitiveto 1 mBg/m3

F. Piqguemal (CENBG)

Technique can be extrapolated for larger mass detector
3 years R& D program (2005-2007) have been approved
In March 2005 by IN2P3 France

CSIN2P3 2005/03/05 8 7



Radon free air purification system

A(??Rn) intheLSM ~ 20 Bg/m?

Inside NEMO 3 ~20 mBg/m3
(measured by NEMO 3 itself and radon detectors
developed by the collaboration sensitive to ImBg/m?)

~ 1 count/kgly in [2.8-3.2] MeV BB0Ov energy window
Radon background factor 10 TOO HIGH

May 2004 : Tent surrounding the detector

October 2004 : Radon-free SuperK amiokande-like
Air Factory (2x500 kg charcoa @ -50°C)

December 2004
A(??Rn) ~ 0.1 Bg/m3inthe tent
reduction factor ~200

A(222Rn) inside NEMO 3 ~ 2 mBg/m?

RADON BACKGROUND IS
Reduction factor of Radon Backgound ~ 10 NEGLIGEABLE TODAY
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W = molecular weight of the source material
f = isotopic abundance

X = number of BB atoms per molecule

€ = detector efficiency

b = number of bkg counts

M = mass of isotope in kg

T =thelivetime

AE = energy window in keV

zero background

1/4
] background limited
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o - 2 2 P #
<m, >= ZUm.mi _‘cos 913(m1 cos” 0, + m,e” sin 6?12)+m33 sin” 6,
I

where :
0;; are the mixing angles between 1 and j eigenstates
o et p are Majorana phases

107! :

m,. incV

100" g

1073 1072 10-1 1

lightest neutrino mass in eV
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Isotope

T2 (90% CL) (ans)

<my,> (eV)

Masse (kg.an)

Référence

“Ca >1.8 10% <6.3-39.4 0.005 [Ume03]
e >1.9 107 <0.35 - 1.05 35.5 [KlaO1a]
>1.57 10*' <0.33 — 1.55 8.9 [Gon03]

2Se >1.9 107 <1.3-3.6 0.55 [Sar04]
100y 5 >3.510* <0.7-1.2 4.10 [Sar04]
16y >1.3 10 <1.7 0.159 [Biz03]
130T, >7.3 10% <0.3-1.90 3.16 [Arn04]
1367, >4.4 10% <2-3 2.27 [Lue9s]
150N 4 >1.2 10*! <3 0.009 [Des97]

Table 1: Present limits for different double beta decay isotopes

93



(Ti + u— — et + Can ‘ .m
T+ 7 = ¥ + Cag) 7 5 1012 (00% CL)

T(ITI + S Vi + S{t}

(mype) = (> UeiUpims) < 17(82)MeV
i

DK+ — mpt i | |
(1 T M ,’J )<3'U><10_g (90(/{ C’L)

F(I{ — all)

(myup) = Z U2m; < 4x 10* MeV

S. Elliot & P. Vogel, 2002
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NEMO-3 Opening Day, July 2002
ata 14 February 2003
1 | ﬂ ) I

—
(B~ ]

1

Water tank
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Comparison of MY of Rodin et al. (RQRPA) and
NowacKi et al. (SM, private comm., preliminary 2004)

Nucleus RQRPA SM
“Ge 2.3-2.4 1.6
MY 1.9-2.1 1.7

% Zr 0.3-0.4 0.4
1000\ 1.1-1.2 0.3
e 1.2-14 1.9
130T 1.3 2.0
136 Xe 0.6-1.0 1.6

Except for Mo the agreement between these very different

calculations is reasonably good.
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KOPIO Shashlyk Photon Calorimeter

(a few slides from V. IssaKov)
G.Atoian', S.Dhawant, V.Issakov', A.Poblaguevt, G.Britvich, S.Chernichenko, A.Denisov,
M.Zellert, O.Karavichev', T.Karavicheva' V.Semenov, I.Shein, A. Soldatov, N.Tyurin,
and V. Marin’ ey .
t Physics Department, Yale University V.Vassil'chenko and A.Yanovich
New Haven, CT, USA Institute for Hiah E Phvsi
‘Institute for Nuclear Research of RAS F’,’St’t‘.’te ‘I’V”' Igh Chergy Ry SICS
Moscow, Russia rotvino, Moscow region, Russia

ot}

e —— |

Sha

- '
Ealabon f

— . N, -

thk Cor of 2><32 modules. Shashlyk Calrimter of 46 modules.
E865 experiment. BNL, 1993. HERA-B experiment. DESY, 1998.
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!
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Monte Carlo Simulations at UT

SOFTWARE: DETECT?2000 (F. Cayouette et al.)

Models the behavior of optical systems with emphasis on scinitillation counting

Has the capacity to model:

* Quantum efficiency

* Primary and wavelength shifted photons

e Surface coatings (metal, paint, sanded, polished)

» Surface reflection coefficients (diffuse and specular reflection)
* Fiber optics

* Bulk and surface attenuation lengths

Has the capacity to score or tally:

e counted vs. scattered vs. absorbed photons
e photon time of flight

e position and component of counted photons
e number of surfaces encountered

THIS IS A ROBUST SOFTWARE PACKAGE
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Sum

mary

Super-NEMO provides for the US program an attractive
opportunity to participate in a fore-front experiment in

a cost-efficient way.

With NuSAG endorsement, we plan to ask DOE HEP/NP and/or
NSF for funding to help to launch the R&D effort.

| R&D activity

nu{lgﬂt category

| Estimated direct cost | Total direct cost |

Purification of 28

materials and supplies

$20.000

chemical technician $25.000
545,000
MC modeling
post-doctoral fellow F45.000
S45, 000
Detector R&D
materials and supplies & 5,000
graduate student 320,000
2 undergraduates $24.000
$49,000
Travel
domestic & 5.000
foreign $15,000
20,000

| Total costs |

$159.000

If endorsed, we would expand the US collaboration.
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NEMO Tracko-Calo
experimental approach for BB(0v) search

Detection of the 2 electrons: rglection of unknown nuclear gammaline

3 observables: single energy spectrum, angular correlation, energy sum
(identification of the BR(0v) process)

Sources separated from the detector: allows to measure T,, for several isotopes

|dentification: e, €', v, o particles

If any BROvV signal seen in any isotope, it will HAVE to be observed by a
tracko-calo detector « alaNEMO » to tag the 2 e emitted in B0V
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Number of events/0.05 MeV

2B2v preliminary resultsfor other nucle

i I
180 FNEMO-3 932 g
160 389 days
140 g 2750 events
B2Se S8 =4
120 |
100 | ® Data
[ —202v
80 i MBonteCarIo
[ Back d
60 | subtracted
40 |
20 |
0 Ll e
05 1 15 2 25 3
E+E, (keV)
180 F
F NEMO-3 405 g
160 | {, 168.4days | 60
140 116C 1371 events
g6 | SB=75| 50
100 [ (555 19
80 [ % g -l_ Data 30
a 2R AV,
w0 b et B | 20
40 F R R RN
[ * 0.0‘!*’0 0‘0"
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20 el
D r { a3 K g e I
D 1 2 3 .
E,+E, (MeV)

2Se  T,,= 9.6+0.3(stat) + 1.0 (syst) x 10°°y
usCd T,,= 2.8+0.1(stat) 0.3 (syst) x 10°y
15Nd T, = 9.7+0.7 (stat) + 1.0 (syst) x 108 y
%Zr  T,,= 2.0+0.3(stat) £ 0.2 (syst) x 10y
Background subtracted
NEMO-3 379 225 [NEMO-3 53¢
- 168.4 days 20 168.4 days
Nd|[| | “Set2s| 7| TZM 4| ‘Setos
+ Data 12; 1 Data
Bp2v Bp2v
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5 -T-
25 J
. : . 0 —J]
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R& D for the calorimeter 1/2

Goal: Toreach 4% (FWHM) at 3 MeV (7% at 1 MeV) with plastic scintillators coupled to PMTs
To reduce number of PMT

To control quality with test mass production of ~100 units
To reduce backscattering in order to improve BR0v efficiency

Plastic scintillators
Light yields, homogeneity of response, design

* Improvement of Polyvinyltoluene in Karkhov and Dubna
* Development of Polyvinylxylenein Kharkov

e Studies for use of liquid scintillator

* Studies of scintillator bars

* Measurements: in France, 2 e spectrometers

2nd R& D test station in USA would beimportant help

Photomultipliers
Resolution and low radioactivity
* In France, agreement with Photonis company
* In USand UK, tests of Hamamatsu and ETL PMT

e backscattering
Reduce backscattering in order to improve BR0v efficiency
Design study of the entrance surface of scintillator
Measurement of e backscattering
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R& D for Low radioactivity measurements

Goal: To develop detectors towards a sensitivity of 2 uBg/kg in 2Tl and 10 uBg/kg in 2*Bi
To improve HPGe detectors for selection of materials for SuperNEMO
To develop detectors sensitive to 0.1 mBg/m? of radon

Gedetectors

Today best NEMO HPGe 400 cm® sensitive to 60 uBg/kg in 2%6TI and 200 uBg/kg in 2*Bi (1 month, 1 kQ)

Development with Canberra-Eurysis: larger volume (1000 cm?), background reduced by a factor 10
and higher mass measurement.

Need of new set of measurements to select very pure materials for both cryostat and shielding.

Planar detector to measure very low energy gamma-rays with 0.5 keV resolution at 40 keV (U and 28U)

Radon detectors

Present radon detector sensitive to 1 mBg/m?® (based on Po ions collection in 70 | volume)
Development of 1000 | detectors or new methods like drift chambers or using ~20 | liquid scintillator.

Participants: CENBG, IReS, LAL (France)
Saga (Japan)
JINR (Russia)
UCL at Boulby (UK)

103



R& D for 2%®T| purity measurement in the sourcefoils

Goal: Detect 2?Bi » ??Ro  2%Pp (B,delayed o) decays 22 Th
in order to measure 2°%6T| impuritiesin the source foils . 212pg
at the level of few pBa/kg g , (300n9)
4
opi 7 |
_ _ (60.5 mn)
With 4 kg of 8Se source foil (~ 10 m?, 40 mg/cm?) g\‘il 2%Ph
and 2 uBg/kg of 2T Ov (el
~ 37 (e, delay o) decays/ month (32()182”)
Efficiency (e",delay o) tagging
~6 % if bulk contamination Prompt e, T,
Scintillator
1 +PMT
Tracking

Sensitivity of 2 uBg/kg of 208T] (wire chamber)

ISreachablein 1 month

. Sourcefoil

>

to be measur ed

Radon + neutron
+1v shield

Participants: LAL (France) 104




R& D for drift chamber

Goal: To propagate signal along 4 m of wires
To improve transparency of tracking volume.

To improve transparency by decreasing diameter of wires from 50 um to 30 um
Use of Carbon instead of Stainless steel for cathode wires

Need of prototypes

Electronics. low background ASIC

Participants:. LAL (France)
Manchester (UK)
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L to et conversion
w+A,Z) (A, Z-2)+¢e
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Possible Majorana AL = 2 processes

K+

T u+ u+

K* Tetet K~

T Lte?

L to e+ conversion
w+A,Z) (A, Z-2)+¢e

(BB)Ov decay:
(AZ) (A,Z+2)+2e
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Table 1: Summary of experimentally measured 2v55 half-lives and matrix
elements ('**Xe is an important exception where a limit is quoted).

Isotope T (y) References Mzr (MeV?
BCa (4.2 + 1.2) x 10'"* BAL96,BRU0D 0.05
T Ge (1.3 £ 0.1) x 10°" KLA01a, AVI91, AALYGS 0.15
52Se (9.2 &+ 1.0) x 10'¥ ELL92,ARN98 0.10
A (1.4752) x 10" ARN99, KAWI3, Wieser(1 0.12
Wi o (8.0 &+ 0.6) x 10'® DAS95 EJI91a, EJ91c,
DES97,ALS97 , ASHO1 0.22
HeCd (3.2 £ 0.3) x 10" ARN96,DANO00,EJI95 0.12
18Tl (7.2 + 0.3) x 10** BER93,CRU93 0.025
130 (2) (2.7 & 0.1) x 10°' BER93 0.017
B¥¥Xe > 8.1 x 10% (90% CL) GAVDOD <0.03
s U 70+ILEw 1018 DES97 ARTY95 0.07
WY (2.0 £ 0.6) x 102! TUR91 0.05

(l)deduced from the geochemically determined half-life ratio 2¥Te/1¥0Te
(2)gepchemical result includes all decay modes: other geochemical determi-

nations only marginally agree

(*radiochemical result, again for all decay modes

1/-|_1/2 = G(E’Z) (I\/IGTZV)2

flaTt|m)-{(m|arT|i)

M{%‘%’" :Em,{

Ep—(M;+Mj)/[2



