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Fundamental questions of neutrinos

1. Lepton number violation

2. Majoranaparticle v=antiv  \~

3. Absolute mass scale and mass spectrum
NH m;<m, <m; IH m;<m; <m,

3. Lepton sector CP phases,

4. Weak interactions with right-handed currents,

5. Susy-exchange mechanism . Majoron mediated weak process.

These fundamental questions of v are studied by
nuclear BB decays in nuclear femto laboratories.



Unique features of DBD

1. Part. Phys. Neutrinos and weak interactions
beyond the electro-weak standard model SM
Majorana nature v, v, mass scale and spectrum
Right weak current. Weak CP phases
New mechanisms SUSY, Majoron, and others

2. Exp. Low energy (a few MeV) ultra-rare (10-3/sec)
Ultra high luminosity 1083 /cm? sec

3. Nucl. Phys. Nuclear matrix elements.

Sensitive to all nucleonic and non-nucleonic effects
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Majorana neutrinos and

neutrino-less BB decays

A=B+B+p
Lepton number AL=2 beyond SM.

TOv — GOV |\/|0v

EXP

NNR,

Nucl. phys. ga
short-range, isobar
&

T o correlation




Experimental aspects of
DBD v-mass studies.

. Neutrino mass and
DBD mass sensitivity (Dec 5t)

[1. Nuclear Physics
Nuclear matrix elements. ( 2020.)
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|. Neutrino mass and DBD mass sensitivity
Dec. 5t

* 1. What we learn by v-less double beta decays (DBD)
« How we Iidentify /study Majorana nature,

« v-mass, leptor-sector phases. and DBD mechanisms

« 2. DBD rate and the v-mass sensitivity

 DBD experiments to access DBD and the v-mass
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Energy spectra to select the OvBp 2-body kinematics




L-R symmetric model : Left right weak currents

T{h-‘ — G{h-“ i'.w{h-"ﬁ. hu .

LIS _2
{Jm;,‘r N a2 ~ 402

. e

L imy L imy)
+ C-'m..-'i 'u,z"l- ; COS ¢'l + C-m.'r; 777 COS Q’-}E
Mg e

+ Coa (1) (7)) cos (g1 — crm} -

RHC L/R weak boson mass ratio A and mixing 0

<m>=[Zm;U,| <A>=(M/Mg)4ZU,; Vil
<n>=tanB g|ZU;V,|
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C. ®,, and E, correlations to identify LHC/RHC
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LIMITS ON THE MAJORANA NEUTRINO MASS AND ...

TABLE III. Limits on the effective Majorana neutrino mass and
right-handed weak current parameters with 90(68 )% C.L. from the

- A A ~ 1M - . ~ .
022 decay of 1000 for the recent caleulation of nuclear matrix
element.

{m,» (eV) {hy (1079 {n) (1079

QRPA *
QRPA® 2.1(1.5)
QRPA SU(3)° 2.4(1.7) 3.2(2.2) 27{20)
RQRPA ¢ 2.5(1.8)
RQRPA* 2.8(2.0)

4.3(3.5)

2.4(19)

4.7(3.3)
; 26(19)

3.6(2.5)
bt -.. -~ .‘

H. Ejiri, N. Kudomietal ELEGANT
PR C 63 2001 065501
100Mo tracking detector
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_eft handed currents

Exchanges : light v mass, heavy v-mass, Susy
Same kinematics; E & 0 distribution

Different isotopes/states with different Qgg, M
to identify
1. OvBp peak/BG and
2. light-v, SUSY M%=M(m)+ M(SUSY)

J. Vergados PR 361 02 A,;°<2~3107
A. Faessler,et al PRD 77 (2008) 113012



Neutrino mass and neutrino matrix

=| =810 = CioSSize”  Cralyy = SinSdize”  Sn3Cis LU,




v—Mmass spectrum

{ Amg~9 meV
A

m]_ e

Am, ~45meV

<m,>=[Z U? exp(i ;) M|  ¢=0,-a,
IS given by using U; Am¢, Am, given by v oscillations



Vergados Ejiri Somkovic RPP 2012

2

T = G |M”|"|(m,)|2. (19)

The effective mass (m,) 1s expressed using the mixing
coefficients and the Majorana phases as

{m,,) Z U, \Zmz-ei""“ :
I.

(20)

2 2 2 2 1 2 '
= |C},Ciamy + CiyST,me'? + S7mze'®|,

where ¢, = ap — o1 and ¢3 = —ory — 24 are the phases for
nn) and |m3) with respect to |mq). They are either O or 7 1n
the case of CP conservation.
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IH in case of small m,
<m> ~ m(ATM) (1-sin? 2 0., sina.;,) *

0., ~ 34 deg 0,,~8.5 deg. .
Phase difference ¢, =a,, =to be measured .
0—m/2 : m=50-15 meV need Am~5 meV, and
NME AM ~ 15 % to get the phase difference =n/4

NH in case of small m,
<m> ~ m(Sun) (sin 0,,)
M(ATM) (sin” 0,,) exp(-2a,) = 1.5 -4 meV

Phase difference a, : m=4-1.3 meV need Am-~
meV, and NME AM ~ 15 % to get the phase a,
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<m,>=[Z U exp(i¢) mj|  d=a,—ay, 3 =—0,—28
IS given by using U; Am¢, Am, given by v oscillations.

Disproved by EXP M>1.5 < WIERS hiel’arChy

m > 15 meV
§ or <4 meV
Need m or M

J. Vergados, H. Ejiri, F. Simkovic, Rep. Prog. Phys. 75 (2012) 106301.
H. Ejiri, J. Phys. Soc. Jpn. 74 (2005) 2101.



Why DBD : 6~10 cm? T~10-3%/sec
A femto (10 -t>cm) nuclear collider
Luminosity L~10%/cm?/sec =3 108/cm? ly

3ton 10 °°nutrons with 1/3
light velocity in a bahn area

Cross section = 10 83 cm?
INn case of IH 20 meV M=2
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11 DBD mass sensitivity and
DB e _o access the V-Mass
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Key Elements for DBD
TV =GO [Vim]? m=light Majorana v mass
Experiment gives a limit or a value for [V m]
or V| «—»m if M or mis known
T% =[m/my]> my=unit mass to give 1 /ton year
=Kk /[IM (GO)V/2]
~ 20-40 meV (2/\1)



(T)t=(m/my)?> Rate/ty m=my=k/IM M=NME
In case of M=2 : Ton scale Is required, 2n ,isobar ?

a0 100 120 140
Mass rumber A
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Key Elements for DBD
m_, = Neutrino mass to be detected.
Signal > BG
TONT = [m,_. /m,J2 NT > (BG)Y2 =(BNT)?
NT= Isotope ton and year B= BG/ton year
m_=m,d
d=2 [B/NT]"* detector sensitivity, €~0.5
m,=2m, [ BINT]" 1In case of €=0.5
m, =k/\Vl =20, M=2, B=1, NT=16, m_, = 20 meV



Why Nuclear Matrix element M

1. Get v-mass m=[1/M][T,, G]'*?
2. Detector mass sensitivity

m=k m, /I [ B/N] m, for S=1/ty
- M=NME, B=BG/ty N=Isotope mass ton
« M Factor 3 In M is equivalent to
* Factors 100 less in BG or 100 more in N tons
3. Theoretical M: factor 10 uncertainty



NMEas are very sensitive to
nuclear models and parameters

Suhonen 2010

QRPA (Jyv.)
QRPA (Tiib)
[BA-2
x  ISM
‘, 1 h ® PHFB

Experimental imputs are crucial, NEXT NEWS in Jan




Hadronic ( A, &) *

Effect on low B 0* - 0* n TA‘ A9 T p
P(A)? ~ (1092 ~ 104 v‘
n T P

N / ] P
nm T p

*Pontecorvo; Haxton, Stephenson, Kotani Dol .



t 9 o o v 5 o
- PIM(GT) + Myp(D] + [ 1M (P)

LA

g,°" /g,= 0.5 leads to reductions 0.25 for M(GT),
0.4 for M9, 0.16 for DBD rate, ~40 for detector mass
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Enrichment K m=2m, k2 (B/NT) /4
B=1/ty T=5y my=20 meV, IH 20 meV

>
(¢b)
=
=
(/)
(/)
(]
=
@)
c
| -
4=
=
(¢b]
=

100
DBD isotope mass N ton

2019/12/6 59% 300 ton is equivalent to 90 % 1 ton




N ton and m meV in T=5year Y=3 counts, B=0

- - ]
e S — —
- I I

N M=2 Ge |

O E—
NN

o
D
=
(7]
(7]
(4]
=
o
c
4+
-
(¢b)
_—

100 1000
DBD isotope mass N ton

N ~ 1 to cover IH and N~100 for NH even BG=0
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N for M=2 T=5year BG=1/ty B=0.01/ty
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100
DBD isotope mass N ton

womonze 1T B 1S 10 times larger, N should be 10 times more
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NME versus N Isotope and B (BG) for IH=16 meV T=5y exp.

0.001 0.01 O.1 1 10 10
N/B N:ton, B /ton year

“Ge M~2 N/B~100 N~10tB~0.1/ty
Se,Mo M~2 N/B~10 N-~30tB~0.3/ty
Xe M~1 N/B=100 N~30t B~0.3/ty



Limits on [Mass X NME] <k/T ,,
1000

p—
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=
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=

—h
o

T0 reach IH mass = 16 meV,
factor 20 and 12.5in mass and 1.6 10° and 2.4 10 in NT/B




A. Non-zero :
Majorana and [Mass X M%]

B. Limitson T,, Diracor
Maj. limiton [Mass X NME]

—h
o

m,=20 meV( 2/M%)
Se, Mo, Te, Xe
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Detectors to access the IH mass

Isotope Ton Centrifulgal separation
Ge, Se, Mo, Xe
Sub.ton Laser separation Nd
BG per ROI= Energy resolution
B<0.1lity Ge R=0.1%
B<1l/ty Bolometer R=0.5%
NME M= 2-1 Ge, Mo, Te, Xe
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Solar and 2vp3 BG Ejiri Elliott Phys, Rev, C 95 055501 2017

Lig. Scintilator B~ 1/R/ty R s concentration %
Ejirt Zuber 2016 J. Phys. G. 43 045201

,llﬁldllﬁ. I: ‘l‘ I‘J II -'rl IlI :_l 'II / 55

'l ] T
y o H A
'Ok L

= Lo Ay - J
MeV  (SNU) everts/ty events /1y

4.42 0.15
0.11 1.56
0,12 1.00
0,03 0.005
0.48 0.01
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Possible DBD detector with 1TH mass 20 meV

m=km,/M[B/N]Y2 m, for S=1/ty
* M = NME=¢g,°M(QRPA)
 B=BG/ty N=Isotope mass ton




Search for the rare peak/events among huge BGs

Very low energy very rare evets and multi mechanisms

| Energy sum spectrum E=E(B1)+E(B2) with good E resolution
Find OvBp peak (discovery potential) for lepton number 2

Huge single f BG peak in ROI (region of interest)

Two DBD isotopes to avoid accidental coincidence with BG peak

Il Two beta E and angle correlations (like ELEGANT, MOON)

Identify B1and B2, left-handed / right—handed currents
One DBD isotope suggested by | sum spectrum
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What to do : Concentration of DBD powers

1. Enriched isotopes k>80 % multi-tons

Centrifugal separation

2. E resolution <1 % to avoid 2vpB and solar
and single-p BG

3. Select two Isotopes , one from Se/Mo and one
from Te/Xe to identify the peak.

4. Experimental studies of NMEs with p~80
MeV/c by (°*He,t) and (u,xn) CERS

5. R&D for MOON/ELEGANT for 2 8 and L/R.
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Thanks for fcﬁyttension



