Neutrino Studies with Photon Probes

Double Be ta Decays and Maj orana Neutrino Masses-
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|. Neutrinosand photonsin n mass studies by bb.

[I. bb Experiments, the present and future

[1l. MOON* for n mass studies by scintillation photons
V. Neutrino nuclear responses and MeV photons

Concluding remarks
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Neutrinos and Photonsin bb- n studies

Fundamental questions
ajorana nature n=Anti-n ?
Absolute Mass ?, Mixings (oscillation) & phases ?

n’s have no electric, no color charges, only weak charge.
Invisible experimentally since visible =EM Iinteraction.

n’sarestudied by converting
ntoe: charged lepton-electron via WEAK (10Y/y)
eto photons, which isvisible through EM .(10%/y)
n mass by double €lectrons via double WEAK (10-%°/y)




Neutrino study in nuclear micro laboratories

Nuclel , being made of nucleonsin quantum states, are

exe%ellent micro-laboratoriesto study fundamental
properties of particlesn’sand weak interactions.

bb decaysin nucla, where n-exchange between 2 n is
enhanced by 107, and BG single b is forbidden.

|nver se b decays by astro-1’sto select astro-n’s.




Neutrino studies by bb decays

H. Ejiri Invited Review bband n. |
JSPS 74, 2101, Aug.05 .
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Energy (MMeV)

2nbb DL=0 T2"=G?" |[M"|? M2"=M(tsts) Res.
Onbb DL=2 To"=G" |M"? |<xm>|2 , RHC, SUSY, Maoron.
MO iscrucial

bb iIsthe most sensitive and realistic way to study




bb and M ajorana n masses
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<m,>=Sk; exp(if;)m,
Using k; dm,, dm_ given by n oscillations

. g s 9 9 9 ¢ ¢ 2 9 9
NH <m, >=ccmy +cs2e'% (6m% +m?)/? + 53¢ (m% +my)'/2,
i} o ) . - d i i L B . ¥ d
TH <m, >=somi+cacee’® (0m% —omi+m?) 2 +c2sket®s (dm% +my ) /?
where ¢; and s; are cos#l: and sinf; with 8, ~7/4, 85 ~ 0, 83 ~ 7 /6

Non zero T leads absolute mass scale in the 0.1-0.01 eV range, the
mass spectrum, and f; sin“2q,;< 0.15.




Neutrino mass spectra

m, ? Dm¢~9 meV
Dm, ~45meV
n, n. n
e m t
me M \
m,
NH | H

Absolute mass scale




Majoranan masses in QD, IH. NH

Am_, I

normal inverted
1 2

QD > 100 meV
|H-U ~ 46 meV
|H-L ~23 mev
NH ~25meV
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Energy and angular correlations of Onbb rays
H. Ejiri, Invited review paper JPSJ 74 05 2101
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Fig. 4. Energy and angular correlations for the '""Mo 0vg8S8 proce
caused by the mass and right-handed current terms of {m), {1} and {r
Top: Calculated single-8 spectra. Bottom: 8, — 5> angular correlatic
coefficients o« defined by Wi{f12) = 1 + o cos 2.t




1. Double beta decay experim




Onbb Status

Table VI. Limits on neutrino-less double 3~ decays. QQgz : Q value for the 07 —07 ground state

transition. G%: kinematical factor (phase space volume)® in units of 10714 y—1, "1"1“:,’_,: half-life
limits in units of 10?* y and {m,): limit on the effective ¥ mass in units of eV.

Qpz MeV G 1071 y=1 707 1024 (my) eV
!
*SCa 4.276 4.46 > 0.014 < 7.2-45

6Ge 2.039 0.44 > 19(12%)

isotope Comments

OGe
82Ge
I[JU:\I(J
H6Cq
128 Te
130T
136 ¥ o
1 SUNd

2.039
2.992
3.034
2.804
0.876
2.529
2.467
3.368

0.44
1.89
3.17
3.24
0.12
2.86
3.03
13.4

> 16
> (.19
> 0.35
> 0.17
> 7.7
> 0.75
> 0.44
> (.0012

< 0.33-1.35

< 13-3.2

< 0.7-1.2
< 1.7

< 1.1-1.5

< 0.3-1.6

< 1.8-5.2

<3

- *

a: GV = n2G) | where G(") is for ['I']”f;f})_l in ref,23) b: ref.97) ¢ ref.81) ¢: ref.3D) *: finite
- 30) 32 - e - L . - : . . . A
ralues, d: ref.3?) e: ref.3?) f: ref.3?) g: ref.”®) h: geochemical method ref.”?) i: ref.}90) j: ref.10l

k: ref..85)

CUORITINO 1.810%4y 90% CL ~02-1eV




Per spectives of <m_> by bb

—~Tnn'1 ~ St ¥4 Sensitivity S= S, (nuclear) x S,(detector)
Sn — M On k(Z)l/Z be5/2
Sy =[N,,/ Ngcl¥* Ngg ~N(2nbb) + Rl per ton of N,

Present experiments: limited to 0.3 ~1 eV by the detector S;.
Next generation bb detectors with 20 ~ 30 meV

L ar ge phase space/Q valueto get a large nuclear sensitivity
L arge Detector with N, ~tonsto get at least a few signals.
Small BG and/or good resolution.




Future projects

Table VII. Isotopes and detectors to be used for future 33 experiments. A: isotope abundance ratio,

Qgs: Q value in units of MeV, and Sy: nuclear sensitivity® in units of 1072* y~! (eV)~2

Isotope A% QggMeV Sy 10724y~ (eV)~* Experiment /collaboration
BCa 0187  4.276 0.11 CANDLES®
Ge 7.8 2.039 0.22 MAJORANA® GENIUS® GERDA?

82Ge 9.2 2.992 Super-NEMQ¢

Mo 96 3.034 2.02 MOON/
604 7.5 2.804 0.90 COBRAY CAMEO"
2.529 CUORE!, COBRAY
89 2467 EX0/, XMASS*
5.6  3.368 k DCBA! SNO++




effective mass <mg> (eV)
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Present and future bb experiments

E;QD

i NEMO3 ~ 300 meV
CUORITINO ~ 200 meV

Degenerate

T Maorana-GERDA 100 me

» Futurephase2 IH 25 meV
| MOON

I Future phase 3NH 2 meV

L1l L | ||£I L L [ | L L L
0.001 0.010 0.100
minimum neutrino mass m_ (eV)
min

1.000

Cosmological < 230~ 120 meV

Katrin Singleb ~ 200 ~ 300 meV



Heutrino mass me¥

Heutrino mass meV¥
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130Te
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Neutr ino mass
sensitivity

Y=m2SNt>2
S=M?G,G=0Q°
t=5y

Y =m2SNt > Y

S=M?2G,G=Q°

Yg= (Rl +2nbb) N t
t=5y

m>SY20.45Y Y4 N-V4

76Ge Majorana

130Te Cuore

1100Mo MOON



Pr esent EXpS. 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

NEMO 3 Fréus4800 m.w.e

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

7000 + DATA

. 2832y simulation
6000 | B Bar. subtracted

Events/ 51keV

5000 [

4000 |

3000 |
2000 |

1000 F

0 C i ] . ] 1 |
0 500 1000 1500 2000 2500 3000 3500
E1+E2, keV

Energy spectrum of Eg + Eg from '"’Mo by NEMO




DCBA Drift Chamber Beta Analyzer  n.isnihara ke

DCBA

X
Test Modul
'l'—. Ot Drift Chamber
‘ Beta-ray Analyzer
B2
@E 15S0Nd—150Sm+-2e-
VTX pcosA =0.3rB,

172

}‘ T=(p" +m;)
I — X p (MeV/c): momentum, » (cm): radius, A: pitch angle
B (kG): mag. field, m, (MeV/c?): electron mass

210 mm i
g Test Module .
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Neutrino studiesin Mo nuclear micro laboratories

MOON Molybdenum Observatory Of Neutrinos
Osaka, UW, JINR, Tokushima, VNIIEF, LANL, FNAL, ICU, UNC, Prague,

—JIA—. Double beta decay spectroscopy with m_ ~25 meV.
B. Low energy pp & ‘Be solar n, with s~10% with 1y

b

) n’
1. large phase space for bb-n’s o) b 1+ 0168 pp,Ben
L arge energy most RI. .
Mo

2. Largeresponsefor solar n’s.
3.Larg sensitivitiesfor bb and 0+ 1293

solar-n by the two b-rays bb . 0+ 1.904
to select. n-signals.

myg Ot 3034
4. Based on the

( ctron mma ray/\eutrino
http://ewi.npl.washington.edu




Trangition rates, Q values, phase volumes

Ground excited O+ statesin °Ge, 82Se, 190M o, and 136X e
QRPA matrix elements by Simkovic et al 04

round U

Ge(76), Se(82), Mo(100), Xe(136) Excited O+

Ge(76), Se(82), MO(100), Xe(136)
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MOON detector concept

A Supermodule of Mo filmsand fiber/plate scintillator s*.
1. Position read-out by fiberswith 4 mm - 0.4 mm
2. Energy read-out by plate scintillatorswith
E resolution s ~2.5% includingtheMo film (20 mg/cm?.
3. Enriched Mo 0.5~ 1 ton by centrifugal separation of MoF, gas

Fiber X)Y plane

One module>

Fiber X

4. Oneunit:1 Mo 0.1tonis4ton PL (1.4 m 1.4 m 2m).




M OON Plastic fiber-Mo Ensemble

Mo 0.02g/cm?
2 setsof x-y fiber planes
M oiZOmg) =
Plate scintillator
Scintilation
Fiber

Resolution lossis appreciable. One X planewith 0.4 mm with effective 0.09 MeV loss.

S(Q) =sp(Q)(1+k), wherek =(1/2) [(s4/s IO)2 -1] [0.09/1.9] , where si/s  istheratio of the platt
fiber resolutionsat 1 MeV. It isproportional to the the photon collection
efficiency ratio of 70%/14% =5. Thusfiber makesthe resolution worse by k=12 %.



Position sensitive detector

<«— PL 1200-1200-18 mm for
‘%’ Energy 0.5-25MeV withs ~2.1% at Q.

Y
1
| Drift chamber 1160-1160-8 mm.
- Position DX ~ 1mm, DY ~50 mm by chargeratio.
o\ ™ o o
Angular distribution by thetotal charge and PSA
"\ bb sour ce 1000-1000 mm 20 mg/cm?

4 units 120 kg A

One module bb source 1m-1m 20 mg/cm? = 0.2 kg
PL+2DF 12m-12m 4cm

Oneunit 150 modules, 30 kg, 1.2m —-1.2m -6 m

9-units 270 kg



Medium size PL with 0.53 m 0.53m 0.01 m.

Medium PL (0.53m 0.53m 0.01 m) with
32 Hamamatsu 60 mm sq. R6236-01 PM
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Coherent Term

N=10K /MeV, T =65%, QE=30%.
s~ 3% (FWHM 7% @ 3MeV
with s ~1.35 % dtat., ~2.7% non-stat

L eft/right photon yield ratio gives
position. 2.5 % /20 cm
can be corrected with of 2 cm




MOON 1 Proto type MOON in operation since April 2005
Plate sintillator ensembleinsidethe ELEGANT V Pb-Cu Nal shield

 6-layersof PL 53x 53x 1cm® Mo-Foil 160g @20mg/cm?2x 2

'. Lt . i 3
t Pl
) o CLOFHC)
100Mo, 142 g Plastic scintillatoi
Upper- Nal

1o — Chamber-A
F{Lf « Chamber-C

a— Chamber - B
l Lower-PL




Energy —
Resolution L

[F1

22Na 1.274 MeV
Reconstructed gamma ray

40K 1.460 MeV
Reconstructed gamma ray

208T| 2.614 MeV
Reconstructed gamma ray

37Cs 624keV
[Conversion electron

207Bj 976keV
Conversion electron

L | | I L P
400 &00 800 1000 1200

1 1 1 1
1800 2000 2E00 3000

Enaa (keV) Plastic scintillator E;, (keV)

(=]

P Y
1400




2-PL Energy sum spectrum
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60 km south of Osaka, near Int. Airport
Oto Cosmo

Observatory

Nishiyoshino

325m/

cCosmic m
4103
/m?/s
Neutron e e
4 10Ym2/s ELEGANT V ELEGANT VI
Rn , Double beta decays of = Double beta decays of
10 Bg/m 100V 0 and 48Ca and dark matter

dark matter




bb experiment mass sensitivity

m, = 17 [SO]-1/2 [B2]1/4 [s/3%]*° [e/0.3] /2 [n,] -

2s CLwith5ty S™in 1024, B /ty, s%, n /t
Isotope Q G [S™]2 [B>]Y4 m . (meV)

, 8Se 2992 19, 079 13 28  17*
10Mo 3.034 32 11 245 38 23
16Cd  2.804 32 068 17 42 25
150Nd  3.368 134 212 253  20(41) 12*(25)

1. IH massof 30-40 meV and 20-25 meV below IH are achieved by
$=3~2.1*% (7~5* %) resolutions.
2. Se82 is good because of small B>"and large Q if M isaround 3.
3. M0100 isgood because of large G and S"if M isaround 3.
4. Nd150 is good because of thevery large G and Q.
Natural Nd can be used if M9 isOK.
5. Selection should be made by semi-experimental and theoretical M



V. Neutrino nuclear responses by
photon and neutrino probes




TOn — GOn |M On|2 |<m>| 2

MO nuclear matrix €lement: linear to n mass
Nuclear theory calculations are sensitive to nuclear structures,

uncer{lainty of afactor 2. Experimental datarelevant to MO .
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B:Rodin-03 QRPA, C:Rodin-03 RQRPA, D:SimkovisO1 QRPA




[1l. Nuclear provesfor nresponse studies

| sospin <tY, > and Nuclear Responses for Ov B 8

spin isospin
‘ <tSYL>J H{:r“ Fa2» Tyy Ty Oy, UE)H'F(FU rg) T1T,00,...

fry, rp)=1/|r,—r,
= Onbb ot
[ L:O,1,2,3,4,5, eparable Form for Nucleon 1 r; < Nuclear R,
m E<50MeV f(r;, 1) ~ Zf, hlr) hlr,) Eiiri, Belyaev

Var TELGITHADLITHO> TAhky)z o
M®¥ ~ 3 M,"(SP)M,(SP) + (M,"(GR) M, (GR)— &)

Studied by 7~ . .
Weak, =\ and tudied by 7~ and v ™ Charge Exchange Reactions

hadron probes
forspin isospin
responsesfor n




RCNP

Osaka
Univ.

_~_

Charge
Exchange

Spin-flip
Reactions

H.Ejiri, Phys.
Rep. 338
(2000) 265




MP from IASg

gvm‘gn =4y Z af(‘rerIyll)bl .
iv

|AS-GR interference gives g, M| = J2TJeM| "

MP and sign g &0 = -g,in'(4-124,-1)

where (m?) = (), A = —i{a)/ECr) and A, = o xr)/r).
H. Ejiri PRL 21°68, H. Ejiri PR 38 ‘78 )= Wi = Koxnfn
<r>from IAS ¥, A from CVC , and one gets (gxr).

|.T 1, Ty —1}J"
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GeM Photons :GeV-MeV Laser Electron photons

|

m Real photonsin awide energy range of multi GeV —MeV
m_Energy spectrawith peak at the max energy.

m Polarizations~ 100 % for E1-M 1 vector axialvector

LLEPS Laser-Electron Photon Laboratory at SPring-8
JAERI/RCMNP/SPring—8 -

— Quark Muclear |

o __—Detector —— e Pl e
—___2nd Exp. Room = e _"__-_-__'__.;-._'.'.__‘Intnractiun Region
= o - = | T 1 L -




HIGS MeV photons

HIYS (High Intensity y-ray Source)

O Intra-cavity Compton Backscattering of FEL photons
by electrons circulating in the 1.2GeV Duke Storage Ring

Electron storage ring .
: ‘_..LIHE.G area -

Optical cavity - r"ﬂl =
1| DFELLITUNL 7-ray
experimental vault

0 E, =2~70 MeV, AEJE, ~ 1%, ®,~ 107 /MeV/s (— 10°)




NewSUBARU

Laser-backscattered y source@ NewSUBARU

Electron beam Facilit
injeation from 1GeV sy
machine

Li nac ,:I E_:I'*ring-ﬁ injector | | s
L ; lSJI:I-'."dEh "
NG

i ; ¥

-i-:l_. ' o |

: 17

e .- an L :
4, 5
et keratica ! evice] | T -
' i/
AN

87 3om ey | /

s ‘: 3 Optical Elyst

g0

Lstex mwm

—— : =
5 Beam line "BLO1" e
E for laser-Compton Y exp. s AT
i 85m

E,; 17 ~ 40 MeV (1.06y. Nd-YVO,) K. Aoki, S. Miyamoto,
®, ~ 10° photons/s, AE JE = 2% NIM A516 (2004) 228-2




Neutrino Weak probes

The SNS Layout

JAER! and KEK Joint Project
Japan Proton Accelerator Research |

High Intensity Proton Accelerator Project

Mumber of wisitors since Januarny 16, 2001 035110 today 0zi ! yestarday 026

i RIBENFRRE
[Nuclear cmd Particle thsms Expenmeniol Hall

M - ERNFRERER

Materials and Life Science Facility i

U/ 5 B 50 GeVy Y20 RO
Neutnno Facility 50GeV Synchrotron

MEBRRMH
- V Acceleralor-Driven Transmutation
[ ’ | Experimental Facility




L ow energy Neutrinos

o

Intense ( ~10%%/sec) n’sfrom 1 MW p,
time structures and n spectra are used
to study astro nuclear with large
detectors(10tons) for s ~ 1041-42cm?

Intensity

Source EGeV Np Nn

S\ 1 610 710 -
J PA RC 3 12 1015 3 1014 g ism m.uu .Tsicm 2000
Tinte, nsec




V. Concluding remarks




Concluding remarks

1. Onbb decaysarerealistic probesfor the Majorana natureof n
and absolute n massesin QD and IH, and in NH in future.

2. Calorimetric expsof Cuore, Exo, Majorana/ GERDA and others,
spectr oscopic exps of MOON/Super-NEM O and othersare
promising to search for the QD and IH masses of 100-25 meV.

3. nnuclear responsesrelevant to Onbb are studied experimentally
at RCNP by hadronsat HIGSand LEPS Spring-8/SUBARU by
photo-reactionsthrough IAS and n-probesin future aswell.

4. MOON as M ajorana/M o Observatory Of Neutrinos with multi-
| 2 ules_lsreallstlc by novel photon detection for DBD




INTERNATIONAL STATEMENT ON
NEUTRINOLESS DOUBLE-BETA DECAY

Avignone F, Barabash A, Ejiri H, Elliott S, Fiorini E,
Haxton W, Gratta G, Jullian S, Kochetov O, Minakata H,
Lalanne D, MoralesA, MoralesJ, Petcov S, Suhonen J.

1. Fundamental n properties studied by DBD: (1)Majorana nature
& DL 10, then massspectrum & mass scale, possibly CP. DBD
Isrealistic for studying these fundamental n properties.

. 2. Next-generation DBD expswith <m> ~ 25 meV discover non-
zer o effectiven massif n'sare Majorana and the QD or I1H.

3. Form an international DBD network in order to endorse a
coordinated approach to executing next-generation DBD probes
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Thank you for your attention.

Welcometo the bb n network to giverisetothe DBD n experiment




Commentson JASRI
from Internatienal-scienceViews:

JASRIE as0ne ofiihe top fesezifeplfelo)

With-exce leniScIentists; techm(:lans & faC|I|t|es
ar e SUpPose-to-ContAEES ==

_:H-—Qr ucial arefollowmgs




1. Beactivein original research works.

2. Attract and support usersthrough their scientific and technical
levels, which are motivated and kept via their research works.

3. Qollaborate with outside resear chers.

4. Qpen to and responsible for science & technology
communitiesaswell aspublici.e. tax payers.

5. Promote science and technology addressed for future progress.

6. Critical and constructive commentson projectsaround .

/. TOP DOWN: Scientists and technicians, being at

TOP, should do asthey believe for science and technology.
Administrative officials and bureaucr ats, being at
BOTTOM, support them.

Scientific and technical activities should be open at the
web.site, and reviewed inter nationally.




-
i S
e - . e M e
e :‘\- o P .u__q _p.-,r e <
=4 - i =" -
| “‘h—eﬂ;:_ o :-,.._-...-._J =3 H_ _h-'__

—— .
vy P'l'.:-ﬁ-n-.‘.u_\_‘« """i y'-"' .

— A T (°
_'.-"’C‘nl -

ﬂ.hh*;ﬁ'ﬂ'

for APPEAL .;.-“?-:;_:gf_ﬁ,..:; |ssa

L -

membér s-;



