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NEUTRINO OSCILLATION
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* Neutrino flavour:

* Experimental observation:

T Detector
Neutrino flavour change

* Implications:
— Leptons mix: lepton flavour not conserved

— Neutrinos have non zero mass: there must be some v mass spectrum

* Mixing angles? Neutrino masses? Dirac or Majorana ?
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NEUTRINOS INTHE STANDARD MODEL

e _

Fermions described by a Dirac field W
Standard Model(MS): chiral theory SU(2). X U(1)y
— Chirality projector P,V=(1+ys)/2, P RW=W, (R

— Wy and Wr have different properties under SU(2),
» Wr SU(2) singlet = doesn’t couple with W,Z bosons

» W, SU(2) doublet

» Mass term (after EW symmetry breaking): mW, Wg + h.c. = mix W and Wy

Minimal Standard Model(MMS):

— neutrinos are massless!

— there are only 3 neutrinos lighter than My/2

Neutrino interaction:

— Charged current:

— Neutral current:
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|NCORPORATE MASS AND MIXING

* Higgs mechanism (I|ke in the quark sector):

— Introduce Dirac Mass Term and diagonalize the mass matrix
— Unitary matrix appears in Interaction Lagrangian

— Neutral current not affected: GIIM mechanism

> (e UaiviiWy + 7Ly Usbla W)

a=e,u,71=1,2,3

* Amp(W*lat+vi)=g/V2Uqi

* Orthogonality: 3 flavours = at least 3 mass eigenstates

|Va — Z ‘Vz |Vz — Z Uaz’Voz

1=1,2,3 a=e,u,T

* Flavour fraction of |vi> =|Uqi|? v field: creates V and destroys v
This is why U* appear when ket |v> used
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Chirality (X) Helicity (H)

Acts on Dirac Spinor Space Acts on physical space: spin projection on
momentum direction H=0-p/|p|

Projector: P.R=(1+ys)/2 Projector: MR=(1+c-p/|p|)/2

Lorentz invariant! Interactions don’t Not Lorentz invariant for massive particle,
depend on reference frame!! momentum reversed if boost with

B>Bm=p/E

Not conserved: mass term mixes right Conserved
and left component

If m=0 Helicity and Chirality coincide (not the case for neutrinos!): X=H+O(m/E)

Nature has related the Weak Force to chirality eigenstates
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VWWHAT WE KNOW FROM EXPERIMENTS
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— Quarks and charged leptons produced as mass eigenstates

— Neutrinos as flavour eigenstates

— Unitary triangles, useful when measure sides and angles, have no practical use in lepton flavour mixing

» neutrino oscillation theory
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* Similar to K°-K° mixing: weak eigenstates # strong eigenstates
— but neutrinos don’t decay (no exponential term)
— always relativistic and tiny mass difference
» Flavour change in vacuum oscillates with L/E:

(macroscopic quantum coherence interference)

* Why quarks and charged leptons don’t oscillate?

V1 V2
Ve [ cost sin@]

U= vy, —sinf cosb

Plva — vg] = sin®(20)sin*(Am?*L/AE)

no distinction
0 & n/2-0, Am?2 & -Am?

if Amor 0 =0 P(vq = vp)=0ap
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3 NEUTRINOS CASE

Plvg —vgl =  bap—4) Re(UlUpiUaiUs;)sin®(AmZL/AE) + 2 Im(Uz,UpiUa;Uj,)sin®(Am?;L/2E)

1> 1>7

Phenomenology simplified by two experimental results:

2 different mass scale: Amarm?~30*86mso,? one small angle: 33<10°

)
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>

Amarm?~2.4 10-3 eV?2 " dmsoL2~7.6 105 eV?
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— Experiments with Am?L/E=0(1) can’t distinguish 5msoL eigeinstates (m; and m;)
3rd col Solar
» sensitive to 3" column
\Uel UeZ

— At solar energies (MeV) 1, t under production threshold: U,ul Ulug

» sensitive to 15trow U7-1 U7-2

aldydsouwny

— |Uez|=sin(913) S130nly link between oscillations: 913 <10°

» oscillations decoupled
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THE ATMOSPHERIC ANOMALY

—_—

Primary cosmics produce mtin the upper atmosphere:
— M=y, p=evpve P(vy)=2- P(ve)

Isotropy of the >2GeV cosmic rays flux + Gauss’ law :

— vrate up/down symmetric (no need knowledge flux)

Measuread Flux: [P(vn)/P(ve))/[P(vi)/P(Ve)lmc~0.65

Anomaly even without relying on knowledge of neutrino fluxes

e,u
data(cross), fit (solid line)

= Pee=1, Peu =0, Puu=1 'Sin2(29Atm)SinZ(AmZAtmL/4Ev)
— Zenith no oscillation, Nadir average oscillation
» Ppu=1-0.5-5in?(2%atm)= 1-0.5 NT/NV=93=45°

— Oscillations start horizontal: £,-GeV, L-1000km,
» AmZaim~Ev/L3-103 eV
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FROMTHE SUN
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SOLAR ANOMALY

* Several experiments sensitive to different solar v's measure a v flux deficit: problem with solar model?

10" £
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Energy of solar neutrinos in MeV

 SNO(D20 Cerenkov detector) measure both charged and total v flux:

- ES: VQ'u’te_'Ve,p,,te = (D(Ve) + 0'155 q)(VH;T)

solar models |

SNONC

— CC:veD—epp = D(ve)

— NC: vD—vpn = O(Ve,.1)

Ve ur fluxin 10°cm™2s!

* NC rate as expected from Solar Model

e CC/NC ratio: = 0.357 = 0.030

1
Ve flux in 10%cm
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THE WHOLE PICTURE

eatm~el3~45 esun"~'912"*'30o 913<10°
| Am?13| = | Am?23| = | AmM?aim | =(2.4010.15) - 103 eV? Am?1,=Am?01=(7.5810.21) - 10 eV?
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MASS SPECTRUM

e ——— _

* From oscillation experiments we know that neutrinos are massive:
|Am213 I = I Am223 I = I Amzatm I 3(2.40"_'0.15) -1073 eV? Am212=Am250|z(7.58'|_'0.21) -107 eV?

e Oscillation experiments are not sensitive to the absolute neutrino mass

A

s . V V V V
e Which is the absolute mass scale? * U 2 TI Vu V3

— Cosmology

— Beta Decay

A v, 22 v
B B v

— Neutrinoless Double Beta Decay

<«——— atm ——< sun
H
Q
<
(U

<« Sun -»<«<—— atm

l
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 Based purely on kinematics without further assumptions
— Kinematically constrained measurement: m—uv,T—=>5nv
» Not competitive my<0O(100 keV) for it decay (MeV for T decay)

— Time of flight
» long baseline = neutrino from supernovae explosion (emitted in 10 s) my<O(10eV)

— Beta Decay

-Shift E
ar Z U .|2d1“i -Changed shape
- Z (4] dE Y \\\\

dE

= Op(B + me)(By — B)\(Bo — B — mEF(B)(Ey — E —my).

(

— If different masses could not be resolved

dl’ 2 2 2
— = Op(E +m.)(Eo — E)\/(Eo — E)2 —m3F(E), my =Y |Ueil*m;
)

— Events fraction near end-point = (m,/Q)? : 1072 for °*H = low Q, high count rate & energy resolution
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KATRIN

e The MAC-E filter:

Adiabatic guiding of electrons along magnetic field:

» n=Ex./B=const

s.c. solenoid

» Ee= Ex. + Ex|| = const I,- =

) EKJ_=}EK|| source

detector

» High energy pass filter to due potential Ex;|>Uo
High resolution AE/E=Bmin/Bmax=10*
Large solid angle: 21

adiabatic transformation E, = E,

Actual limits my< 2.3 eV 90% CL
(Mainz,Troitsk)

Katrin points to m, = 0.2.eV
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MAJORANA OR DIRAC




 Experimental evidence:

— Particle produced together with p* in n* decay produce a g and never a pu*

— Opposite for " decay

/ "

|'l+

<

detector

e Conventional explanation
— v, and v, are distinct from each other

— There exists a quantum number conserved during interactions: the lepton number

» Dirac fermion

e Alternative explanation
— Weak interactions couple to chirality eigenstates

— Left-handed chirality particle interacts giving a |1 (u* opposite for right-handed chirality)

— There exists only one particle with two chirality states
— We don’t see u* because chirality flip is suppressed«(m,/E,)?

» Majorana fermion
F. Bellini




MAJORANA NEUTRINO

= —_— e — —— = = = —_— = ——
- P = _ =

* Dirac equation: i(y*0,-m)W=0
— W,,W pirreducible representations of Lorentz group (Chirality PLR=(1+ys)/2, PLRAW=Y (R)
y W=W+Wg , iyt Wi=mWg , iy*o,Wr=mW,
» Massless fermions described by two degrees of freedom: decoupled equations

* Minimal description of a massive neutral fermion with 2 degrees of freedom (Miajorana 1937):

— W=W¢C particle and anti-particle coincide

e Ccharge conjugation operator: WE=CPT, C=iy2y°
— Using y properties: WS is left-handed

- W=W= W +Wr= WE+WE, = We= lIJCL, W =W

» Only two independent components: WV=Ww,+ W

= Majorana theory simpler ad more economical then Dirac theory

e [fw=Y°
— No longer free to phase-redefine v without consequences

— Mixing matrix U can contain addition CP-violating phases

— Affect only processes with lepton number violation

F. Bellini



MASS TERM

e MS: chiral theory SU(2). X U(1)y
— W, and Wr have different properties under SU(2).: W, doublet, Wy singlet

W, Wrirreducible representations of Lorentz group

e @General Lorentz invariant mass term includes:

— Dirac mass term: LP=-mp WP WP = -mp (P, Wi + Pr W)
» Need a WYrsterile component

» LP creates/absorbs v, and absorbs/creates Vi

» LP mixes chirality, does not mix particle/antiparticle component

— Majorana Mass term: LM=-1/2my PMWM=_1/2mpn (P W, +P W)

» LM create/absorbs one particle with left and right chirality

» LM mixes chirality, mixes charge conjugated components

= \iolation of any additive guantum number (Lepton number,etc...)
= Only possible for totally (under all MS gauge groups) neutral particles

= Only neutrinos could have this mass term, they are very peculiar

F. Bellini



MASS MATRIX

Most general mass term for 1 v compatible with Lorentz invariance: LP*M=LP+LM, +LMy
- LD+'V'=-mD LTJL Wi -1/2thTJCLlIJL -1/2li_IJRLIJCR +h.c.

field notation change W>v

1 m m 1%
[P+M — _Z ¢ g L TR0 L p e
2 [ R] [mD mpg l/g

Right components,sterile Left components, active

1
£D+M:§N£MNL+H.C., M:(mL mD>, NL=<VL>.

mp mMRpg VIC%

— v, vg are not mass eigenstates, only neutrino fields in term of which the model is constructed

— Diagonalizing the Mass Matrix:

1
[ P+M _ —5 Z mkDgLszL + h.c
UT MU — (ml 0 ) | k=1,2

0 mo
Vk:VkL‘FV]gL (k:1,2).

» Most general D+M mass term = Sum of 2 Majorana mass term for the fields Vi=vi©

» As a result of KOK° mixing, the neutral K mass eigenstates are K;, Ks=0.5(K°+K°). As a result of neutrino
mixing (induced by Majorana mass term) v mass eigenstates are Majorana neutrino

» Ni=Un_=v,, vg* combination of v1., va., possible oscillation between sterile and active states

F. Bellini



 Majorana masses cannot come from the progenitor of the Dirac Mass term: Hsm VRV,

* Possibles progenitors of Majorana mass term:

— Hsm Hsm Vi%vi: not renormalizable (v v, isospin triplet)

— Hisospin=1 ViV excluded by Standard Model measurements (Z,W couplings and widths)

— mRrVRVR: 0ok (VR“Vr Isospin singlet)

» m =0
» mp: order of magnitude EW symmetry breaking scale =100 GeV
» mg: unprotected by any symmetry

= |f MSis alow energy effective theory of a more general gauge group, it’s reasonable to expect mg of the
order of this new symmetry breaking scale

= mgr=mp2/m, =10!> GeV =GUT scale!

— 2 Majorana neutrinos, one big mass sterile neutrino (my=mg), one light neutrino (my=m?p/mg)
» Explanation of the smallness of neutrino mass
» Sterile neutrinos are very heavy and therefore decoupled from the active ones

Splitting due to mg

Dirac

neutrino 2
m, ~ mMp= / Mg

F. Bellini



HOW TO TEST MAJORANA NATURE

* The most sensitive LNV process: Neutrmoless Double Beta Decay (OVBB)
e Second order weak nuclear process: (A,7Z) — (A,Z+2) + 2 e
— (AZ) — (A,Z+2) + 2 e + 2V allowed by the MS

c

Only if:

massive neutrinos — chirality flip
Majorana neutrino

AL=2

PR

H H . // . g—l—lT
* Possible only in few even-even nuclei: _~~forbidden

48Cﬂ, 76Ge’ SZSe, IOOMO, 116Cd, 130T€, 136X€, ISONd

F. Bellini



NEUTRINOLESS DOUBLE BETA DECAY: OVB[3

 Many diagrams can contribute:

€

2 U

SM vertex

T/ \Te
V. V.

el . > : Uei

Nucl=—— Nuclear Process F==—Nucl’

Schetcher, Valle Phys. Rev. D25 2951 1982
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NEUTRINOLESS DOUBLE BETA DECAY OVBB

. Assummg the dominant mechanlsm is:

SM vertex
Z U / \
b

Nucl==— Nuclear Process

— Chirality flip = Amp(0vBB) = | IMiUei?| =mgpg

» This is what you expect,the only term that violates L in the lagrangian is the v mass term

mgg = cos? 013(mq cos? 015 + moe?*® sin? 012) + mse?P sin® 044

» Due to Majorana phases cancellations may occur

F. Bellini



OVBP & v MASS

— R —_— = - = e N e ——

 The measurable quantity is the half life:

Phase space factor~-Q° Nuclear Matrix Element

\ / / Effective neutrino mass
(m)2)™" = G(Q, Z)[Myuar|*[mps| mgs =) mi- U

(light neutrino exchange mode)

mgg = cos’ 013(mq cos? f19 + moe?*® sin” 012) + mse?P sin® 015

H* 1
|l v p y

-Vl-l

-V,

I ‘ solar~5x10 e V2
atmospheric

~Ix107eV?

[—
<

atmospheric
~3x10 3eV?

solar~3x10-3cV2

Y

[—
<
o

[Mge [ineV
o
¥S09090 yd/day IUBsSSIA "Bllnig

/

[ 99% CL (1

Degenerate X i,
m,=m,=m,» [mm| 10 107 10 10°!
lightest neutrino mass in eV

Normal hierarchy Inverted hierarchy
1113> m,~m, 1112~1111>m3
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OvDBD IN EXPERIMENTS

. Experlments measure the sum of the kmetlc
energies of the two emitted electrons

e Signature: monochromatic line at the
Q-value of the decay (2-3 MeV)

0 0

Total energy in electrons

Detector mass (kg)
Measurement time (y)

Isotopic abundance
/ 1/2

Soyﬁﬁ In QNA Z + € «—— Efficiency

Atomic mass / / \ Energy Resolution (keV)

Background (counts/keV/kg/y)

Tov=210%y
1,,=1019/22 y
Ov ) —1/2 t primordial(Ur,Th)=101° y

* Remember: mpg X (7’

F. Bellini



THE ISOTOPE CHOICE

_ ———

Parent Isotope  Qgg (KeV) Ab(%)
48Ca 4271 0.187

0Ge 2039 7.8

2995 9 . o
3034 96 Isotopic abundance: <10%

‘ 130
2002 75 (only exception **“Te)

2530 33.9
2479 8.9
3367 2.6

‘ 100Mo ‘

Gain ~ 100 /‘

if Qgg > 2615 keV ‘ 136X e
end of y radioactivity (2°8Tl) Environmenta

“underground” Background:
238 and 232Th trace
contaminations

(7Tt trt Tt rr-r-7 r 7 T
2200 2600 3000

Energy [keV] S. Pirro
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source # detector

+++ Topology, Bkgd(2vBp exception)
M, AE, €

Calo-tracko detectors
(NEMO, MOON,DCBA)

F. Bellini

EXPERIMENTAL STRATEGIES

source = detector

'- ﬁl\
i -ﬁz

+++ M, AE, €
- Topology, Bkgd(2vBp exce.)

Diodes (MAJORANA, GERDA)

Bolometers (CUORE, LUCIFER)

Solid-state devices scintillators (COBRA)
Solid scintillators(CANDLES)

Liquid loaded scintillator(SNO++,Kamland)

Gaseous/Liquid TPC (EXO)




source = detector

* 5 HP-Ge diodes: 10.9 kg (86% enriched "°Ge)
— Exposure: 53.9 kg y (1990-2001)
- AErwHM ~ 4 keV @ QBB =2039 keV

- 1,>1.9:10%y & {mgs) <0.35eV

Klapdor et al. Phys. Lett. B 586 (198) 2004

¥

F. Bellini

e Exposure: 71.7 kg y(1990-2003)
— Background ~0.11 counts/keV/kg/y

T0V1/z =1.2-10% Y

~

{mgg) =0.44 eV




CUORICINO

. Partlcle energy convertedmto phonons% temperature varlatlon A E/C N

* Need very low heat capacity: TeO; crystals (dielectric, diamagnetic) @-~8mK
source = detector

—  Heat bath

I/ /A

—

- Weak thermal coupling

Thermometer:

+~——_  NTD Ge thermistor

R ~100 MQ

T Absorber Crystal
TeO, C~107J/K
Energy release

« Detector response in this configuration: = 0.1 mK/MeV = 0.3 mV/MeV
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CUORICINO RESULTS

e Exposure (2003-2008):

0
o
|

- Best Fit
= 68% CL
Q0% CL

Y
(8]

=
o
FITTTd

M-t =19.75 kg '*Te - y

Rate [counts/1kevV]
W
(&)
I L

(%)
o
NI

N
(8}
|

e Background level:

N
o

(0.16 + 0.01)counts/keV /kg/y 5 LS H

| | | | | 1 1 1 1 1 1 | | | | | |
0 2480 2500 2520 2540 2560 2580

. . . E keV
— ~50% from degraded o from inert material (Cu) facing crystals nergy fkeVl

— ~40% from 2°8T| multi-Compton (cryostat contamination)

o AErwHm™~7.5 keV @ QBB ~2527 keV

Ty >2.8-10%y@I0%CL < mgg < 0.3 +0.7eV
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_ —_— _

Tracking detector: ~6000 Geiger mode drift chambers (95

Calorimeter:~2000 plastic scintillators + PMTs
Source Mass
— OAErwhw/E ~ 8% @ 3MeV o ~ 300 ps @ 1MeV 1Mo 6.9kg

82Ge 0.9 kg
— 3-5% charge confusion 130Te 0.45 kg

0.4 kg
source # detector 378
9.4g
7.0g

tracking volume (drit wire chamber)

calorimeter (scintillators) —

F. Bellini



NEMOQO 3 RESULTS

100Mo: 12v12 =(7.11+£0.02+0.54)-1018 y 100Mo: TOV12>1.1-1024y
12000 12000

219 000 events \ NEMO-3 219 000 events

10000 | 6914 g ' 6914 g
i 389 days 10000 - IOOMO 389 days
I S/B =40 I S/B =40
8000 | 8000 T ® Data
i - — 2B2v
6000 ® Data ' Monte Carlo
I 6000
— 2[2v : EH Background
: Monte Carlo [ subtracted
4000 . ] Background 4000 I

subtracted

-
o
L

® Data
2vpp'""Mo
ZEEHn
internal BKG
ovpp'""Mo

-
o
[

]

N events / 0.1 MeV
o

-
o

hJ
Qo
o
o

=
Q
=
=
L]
jat
o
-
Q
—
o
B
Q
L
£
=
=

2000 |

e Tl _ .
E, +E, (keV) B

Isotope (2vpp),y (NEMO 3)

(m,), eV [NME ref.]
<0.45-093 [1-3]
<09-16[1-3],<2.3[7] 100Mo(0%) (5.7"1~3_0.9(ST0T) )i0.8(sys’r))-1020 [2]

>1.8 - 10 <1. 4 [4,0] < 4.
>9.8 - 10%2 <16-31[2,3]

921020 [<7.2-195[23] 116¢d 5 | (2.8 0.1(stat)=0.3(syst))-10' [3]
>1.3-1022 <29.6 [7]

100Mo (7.11 = 0.02(stat)=*=0.54(syst))-10!8 (SSD favoured) [1]

825 (9.6+ 0.3(stat)=1.0(syst))-10% [1]

130Te (6.9% 0.9(stat)=*1.0(syst))-10%° [6]

_ - 150N _ 9.119025 __(stat)+0.63(syst))1018 [4
Background: natural radioactivity, ( oz (staf) (syst)y10% [4]

mainly 214Bi and 2°8Tl, Rn,

neutrons (n,y), muons
F. Bellini

%Zr . (2.35=% 0.14(stat)*0.16(syst))-10%° [5]

48Ca . (4.4°05_, 4(stat)+=0.4(syst))-10% [6]




SMmBs — A
In QNACLEG ‘Mnucl‘

* Enrichment: difficult and expensive

* To start to explore(cover) inverted hierarchy:

— M~0.1(1) Ton : 99% CL (1 d
— B~107?(103) counts/keV/kg/y e 00 02 100

lightest neutrino mass in eV

e Background sources:

— Natural radioactivity: U, Th(t~10'°y) in detector and surroundings
= Contamination ~10**g/g (close or below detectability of HPGE, NAA, ICPMS)

— Neutrons: from radioactivity and muon-induced
— Cosmic rays: (in)direct interaction and activation

F. Bellini



source = detector

Cuoricino 1o result

CUORE-0 - 0.06 c/keV/kg/y
Combined Cuoricino + CUORE-0
CUORE - 0.01 c/keV/kgly

Live time [y]

19 towers Background: 102 counts/keV/kg/y
52 detectors

each TOV40=2.0 -1026 Yy

(mgp) = 44-87 meV

F. Bellini



LUCIFER

Scintillating bolometers: use different a/y light emission for background discrimination

— Quenching factor =4 - Light

— a discrimination >99% detector
— =20 kg 82Se + background 1073 counts/kg/keV/y

Thermistor
TV, =2.3-10%6 y

~ ZnSe

(mgp) =49-61 meV
Bolometer

Energy release

Arbitrary Units

Lignt Energy (a.u.)

bnape Indicator

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i
100 200 300 400 500 600 700 800 1000 2000 3000 4000 5000 6000 7000 8000

Light Energy (a.u.) Heat Energy (keV)

O

F. Bellini



* Background: detector surroundings & Ge cosmogenic activation

e Phase 1:
18 kg bare (HM+IGEX) 7°Ge diodes in LAr

Background ~10? counts/keV/kg/y

Scrutinize KK-HM claim in 1 year

Commissioning started Nov 2010

¢ Phase 2: Signa; Background:
— 40 Kg enriched segmented diodes » .\
— Background ~1072 counts/keV/kg/y
— Sensitivity: t1/2~2-10%° y e
{mgp) <90-200 meV

F. Bellini



SU PERN EM O source # detector

ototyp o

NEMO-3 SuperNEMO

Mo L 82Se (and/or 15'Nd)
T,,(BB2v) = 7. 108 y Choice of isotope T,,(Bp2v) = 102 y

"

7 ke Isotope mass M 100 - 200 kg

e(BROV) = 8 % Efficiency € e(BBOV) ~ 30 %

Nexclu = f(BKG) 2B < 10 uBa/k
Internal contaminations 20 1 ubq/kg
20871 and ?Bi in the Bp foil T1<2 uBg/kg

(28T, 214Bi) ~ 1 evt/ 7 kg /y (298T1, 214Bi) ~ 1 evt/ 100 kg /y

214Bi < 300 uBqg/kg
208T1 < 20 uBq/kg

<
<
<
>

FWHM(calo)=8% @3MeV FWHM(calo)=4% @3MeV

T,,(B0OV) > 2. 104y SENSITIVITY T,,(Bp0OV) > 2 10%y
<m > < 0.3-0.7eV <m > < 50 meV

1) BB source production 2) Energy resolution

3) Radiopurity 4) Tracking

F. Bellini



EXO-200

. 200 kg L|qu|d (80% 13”‘5Xe) XeTPC + scmtlllatlon' 136Xe é 136Ba++ + 2e (+ Zve)

@4\ Ionlza‘uon Scintillation source = detector
@ .e/O \ )

Charge collection -75kV

Eff. Run o/E@ Radioactive |T,,%¢ mgg
(%) |Time |25MeV |Background (yr, 90%CL) | (meV)
(yr) (%) (events)

70 2 1.6 40 6.4x102> |133-186

136Ba* |evel structure

136g 5+ 6P
* Full EXO ~Ton scale gas or liquid TPC
493 nm

» Single Ba* tagging in real time

e lon extraction from TPC and trapping < )/ Tgso/2m =528 MHz
112 F493/2n = |52 MHz

e J|on identification with Laser Induced Fluorescence
F. Bellini




LOADED LIQUID SCINTILLATORS

+ Poor resolutlon but hughmass and Iow background compensate source 7 detectorw

Data taking foreseen in 2011

SNO++

ONd (i.a.=5.6%)

0.1% natural load Nd ~56 kg **°Nd
AErwiv~ 6.4% @ 3367 keV
Sensitivity(3y): {mgp) ~100 meV

Simulated SNO+ Energy Spectrum

Vv
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— Total
- "“'E! Solarv 's
I zmsi
—
— 2v Double Beta

- v Double Beta
—— 2v + Backgrounds

Events /10ke
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Energy (MeV)

Kamland -Xe

136)e (i.2.=8.9%)

200-400 kg enriched 3%Xe
AErwnm ~5% @ 2479 keV

Sensitivity(5y): {mgp) <150 meV

-
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