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Neutrino
is
a puzzle
(That is the reason we are here)
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Pauli proposed existence of ,,neutron*
(with spin %2 and mass not more than 0.01 mass of proton) in nucleus

I have done a
terrible thing
I invented a
particle that
cannot be
detected
W. Pauli

ic A little bit of history




Since v’s have spin one half they are believed
to obey Fermi statistics
Can you imagine bosonic v (with spin one half)?

Bosonic v introduced: Ignatiev, Kuzmin, Yad. Fiz 46 (1987) 786

Bosonic v in 2vpBp-decay: Dolgov, Smirnov, PLB 621 (2005) 1

Motivations: Dark matter, BBN, supernova v

For electrons and nucleons,
a possible violation of statistics is strongly restricted by experiments.

A consistent quantum field theory with of half-integer spin particles
with any other statistics than the Fermi one is missing !



Atomic mass (arbitrary units)

Double Beta Decay
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Observed for 10 isotopes: 43Ca, 7°Ge, 32Se, *°Zr,'""Mo.
HeCd. 128Te, 139Te, 15'Nd, 238U, T, , =10'8-10** years

(.8 A D5

Please, forget 0vpp-decay for a moment!
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The NEMO3 DBD Experiment

Fréjus Underground Laboratory : 4800 m.w.e.

_____ a[ Yy Source: 10 kg of 3p isotopes

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

= ‘ N " Iff;-/:‘ Tracking detector:
= ' S 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: Pure Iron (e =18
cm)

/? " L Neutron shield: 30 cm water (ext. wall)

1 . 2 l 40 cm wWo00d (top and bott.)
OOMO 6.914 kg s Se 0.932 kg (since march 2004: water + boron)

—~

2vpR and OvPP search




2vpp-decay: fermionic (f) or bosonic (b) v

A At L

oF o {a;,a:}y = 6;; (fermionicv)
v v > = al abo > o o
[ai, aj] = §;; (bosonicv)

| | L2 . L2 o
dW7 (0t — 01) ~ (3 |Mf'bK +Mf'bL‘ + |Mf'b1< —Mf'bL‘ ) dpe, dpe.dp,, dp,,

| - L2
AW (OF — 2%) ~ [ MP e — M dp, dp dp,dp,

ME(L)ME(LY) ﬂ[;fz(l““)ftl,ﬁ(l*))

be = m
! Z(Enz_Ei_*‘el —I_I/l <7Z_Ei+e2+l/2

m
Sign difference!!!
Lepton energies!!!

Mf.bK — ./\/[f.bL(V1 s 1/2)
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Higher states dominance ( °Ge, 32Se,!30Te, 136Xe .... )

Mg+ M| =~ 16 M
{ GT
: dler — e5)2
M — M "~ = ez.)gim ) ’Uc(?g:r
Approximation in
2 4(vy — 119)? (2) |2 energy denominators
M+ ME T ~ | ME sy
2 d(e; — ey)? 2
M = M| | lAz 2 Mgy
] ML (1T)ME(1T) fermionic v
M (_J. ) _ m m ' +
T Z E,—E;+A 0
,_ ML (1t)ME(1T) bosonic v
M (ﬁ 2) — A m m
. 2 En-ErAr —> 0.2
- o MI(1T)ME(1T) fermionic v
MG = Ay o nl) L fermion
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Single State Dominance ( 1Mo, 19°Cd,!16Cd, 1*3Te ...)

Isotope f.s. T,,(SSD)[y] T,,(exp.)[y]
2vBPB-

WMo 0, 6810  6.810
HSD, higher levels 8.5
I“ }\\ contribute to the decay 01 4.2 10% 6.1 10"
,, \ weed 0, 1L110Y  2.610%
/I 1 \\ SSD, 1* level
/ N 10Te \ " dominates in the decay 128Te Og,s. 1.1 10% 2.2 10
o \\ (Abad et al., 1984, EC/EC
e < Ann. Fis. A 80,9) 106Cd Og.s. >4.4 1021 >5.8 1017
WBa 0, 50102 4.0 10
A7 1+ \ATF(1+ A\7I (1 \NATF/(1+
Mt — Z M m( 17)M m( 17) L M m(l )M m( 1)
m Em_Ei_I_el -I_I-/l E772_Ei+e2+1/2

SiD ﬂ-[f(ﬁ)ﬁlf(ﬁ) 4 J\f{(ﬁ)ﬂ-[f(lﬂ
Ei—FE;,+e+14 Ey—FE;+ex+1»

b b
5/09/06 Mf K — Mf L(Vl — 7/2)




100Mo 2vBB: Experimental Study of SSD Hypothesis

ANME

Single electron spectrum different

NEMO 3 between SSD and HSD

exXp. Simkovic, Smotlak, Semenov

J. Phys. G, 27, 2233, 2001

RA
> F = F
s 4.57 kg. § = { 4.57 kg.
% 175 — HHH# H{ ﬁH = E,+E, >2 l\%egf % 15 [ HHW H {*H E,+E, >2 l\%eg/
= 150%— HHH ﬁ * = = 150; HH’N # +
125 — Hﬁ * + . Data 125 7 Hﬁ * ++ * Data
-8 gl — = B g
=L HSD g Momecwlo o f SSD ko
sof | higher levels ! Background s Single State = subtracted
: - - == subtracted = | - }
o5 | 2/mdf=139. /36 s b ndf=40.7/36
[ + [ ¢
& (; ;?Ld "500" I:756 : ':l’l;O(')IIII;S() 1500 17‘50 20I00 0 [; 250I ‘ITSO[)I I:7é(; I'21'010(')' E:v:‘{lI;r&S(.) +15I00 17I50 2[)'00
M Be(keV) c Eqnge (keV)
y 100Mo 2B2v single energy distribution

{HSD: T,,, = 8.61 £ 0.02 (stat) + 0.60 (syst) x 108

SSD: Ty, =7.72 £ 0.02 (stat) = 0.54 (syst) x 10'%y ip favour of Single State Dominant (SSD) decay
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Looking for a signature of bosonic v

2vpBp-decay half-lives (07—0%,  , 07 =07, 07—>2%))
* HSD — NME needed
* SSD - log ftg, log ft; needed

Normalized differential characteristics
*The single electron energy distribution
*The distribution of the total energy of two electrons
* Angular correlations of two electrons
(free of NME and log ft)
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2vpp-decay half-lives (SSD hypothesis)

transition TE;{Z—C"IP [v] TE;;—SSD ]
fermion. » boson. v
0f. — 0. 7110 7210% 8.3 10°
07, — 0f 6.8 10% 1510% 5.7 102
0f. — 27 > 1.6 102 1.7 102 3.4 10*

B(GT,0"—1%) = 0.6620.33 (log ft,.=4.45) PRC 47 (1993) 2910
=2.01+0.45 (log ft,.=3.96) NNROS5, Cast/Spring-8, (2005)

ratio of exper. SSD mechanism
half-lives fermion. ¥ boson. v
T2 (07) /T, (0t 96. 62. 69.
1/2 (07), 1/2 ( a.c.) Free of log ft,
T, (21)/TE,(0F ) > 225, 24261. 106. =




P(T) [MeV'']

The normalized distributions of the total energy of two electrons

82 + 82 +
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2vpp-decay of 32Se
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The normalized distributions of the total energy of two electrons
82 + 82 +
Se(0; ) --> " Kr(2)
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P(T) [MeV'']

The normalized distributions of the total energy of two electrons
Mo(0 >
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The normalized distributions of the total energy of two electrons

1003 0o © ) -> 100Ru(2;r
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Mixed statistics

a'lo >
cosd f1l0> + siné b'|0 >
= cosd |f> + sind |b>

Definition: v >

Commutators: fb = €9Ff  Fipt = &b f1
fol = e @b f  flb=e"bfl
Amplitude:

A% = J[cosé* + cosd’sin6(1 — cos o)A + [cosd* + cos 6%sin 6°(1 + cos @) A°
= cosy?A! 4 sin2A°

Decay rate: W2 = cosy* W/ + siny* W°

= (1-0*) W/ + W’
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The normalized distributions of the total energy of two electrons
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The normalized distributions of the total energy of two electrons

100
Mo(o;_) -->" Ru(2,)
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HSD nuclei even more sensitive to admixture of bosonic v
5/09/06 but calculation of M.E. needed



Conclusions

o2vpp-decay excludes the possibility of pure bosonic v
thanks NEMO 3 (Could you imagine it would be opposite?)

e For study of partially bosonic v we need to measure
2vfip-decay transition to 2%, state. From 0%, —0%, &
transition there is only a weak bound on admixture

on bosonic v (aococvuirvy XZXA).
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