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B schemes
2vBp AL=0
- M(toto) Res.

Ovpp AL=2
-Majorana
m,> = X m;c;V;’
bsolute mass scale
P phase
R-Weak Currents

MO is crucial




Energy a ngular Correlations
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e Absolute mass scale &
<m,> = Zm, |U,; |

e 0.01 ~ 0.06 eV range,which is quite
interesting from recent solar atmosp
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Neutrino masses Pr.voge 2001

inverse hierarchy, LMA solution
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E. Takasugi All approximately equal mass. <mv> ~ 0.03 eV
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Neutrino mass and Bf.

Experimental evidence for oscillations in the v, & Vg,
strongly indicate ¥ have mass and mixing, but tell only Am?

Theabsolutez/mass Smgle éind double beta decay |

P. Osland & G. Vlgdel hep ph/0107161
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AtnatmI %’ : Current Ovpp limit (68% C.L.) i
normal inverted E
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<m_> ~ 0.01-0.06 eV
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I1. Nuclear Res
e - Ovpp
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BP nuclei

132
o
. o
. 1ooRy
MOStly Qps (OF — 2F) = 3287keV 1481 2220 2495
B_ B- Qpp (0t — 0t} =4271keV 2045 2995 3034
d s | 56%
decays with large 5% 34.5% 10 P
AN 8.9% Nd .22
. 1sCy 1301
Q - 130 136%e 1360
BB ' o* o+
1769, '

to get large phase %3 0 |
Space ,..,QBBS . “\\819 743 -

ot or ot
: 136Ba lSﬂSm

QOpp (2% ) = 1509 keV 1997 1660 3033
Qpp (0 ) = 2802 keV 2533 2479 3367




QBB MeV A % Int./Ext

°
e 4Ca 271 019  Scinti®g Int.
o 76Ge 045 7.8 Semi-con:
® e 32Se 995 9.2 rack
e 1000\ o 034 9.6 Track
o 116Cd 2.802 7.5 cin/Sem.
o 130T¢ 2.533 4.5 Jolom. :
o 36Xe 2479 8.9 rack .
o 50Nd  3.367 5.6 Track '
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- BB processes

T

Two nucleon process.
Isobar process
Pion process
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Nuclear Re

ses (M%) for B by Double

Charge Exchange Reactions
Nuclear Responses for 0v 8 3 Ex (MeV) T
100T¢
100
H(i‘q; For T1y T O,y Uz)“f(h, l’z) T T,0¢0... 304 ~MO -
| flr,, rz)_":1/ Ii’t"rzl & ¥ | -
Zz%%:ewo 20 .

Separable Form for Nucleon r, <1, r, < Nuclear R,

flr, 1) ~ Zf,hfr) hir) i Belyeey

MO~ 26, COT < T Tandr)e o
- DM R O
Studied by 77 andt ™ Charge Exchange Reactions
(*He,t) and (t.°He) reactions

SN

10 -

Single Charge Exchange .-

Double Charge Exchange

o 100Mo (1B, 1Lj) 1Ry at RCNP




lll. Perspectives
Experiments
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e 76Ge H.M.IGEX, Ge Detector

Present

e Effective Mass limits
e Inclusive 3

130Te Cryogenic Bolometor
128Te Geo-chemical

Exclusive B spectroscopic studies. _
1000 ELEGANT, 15Nd, 1.5-3

NEMO 190Mo 32Se others Sub eV

Depend on nuclear matrix elements, factors 2.
Limited by the detector sensitivities of S~ 0.3-1.5
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e Sensitivity S = S, (nuclear) x}

Perspectives of <m,_ by B

® mv-l ~ S t 1/4
9. Sn =M Ov k(Z) QBBZ'S
® Sd —_ N BBUZ/ [AE NBG]1/4

o Large Sensitivity: Large Detector with Ngg ~ tor
get the v-mass sensitivity of 0.01~0.05 e\/ﬁ,

e Ny ~ N2vBp) + RI
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®Ca CANDLES -
¢’%Ge GENIUS MAJOR/
e 100\{o MOON

¢ 1165Cd COBRA CAMEO
¢ 130Te CUORE +
o 136Xe EXO

e 5%Nd DCBA

!




2vBB &-RI BG in 0vBP window
o Tov ”kO QS’ TZV(t) ; 10(AE/Q)6
e TOV/(T2V(t))12 ~ k Q3/AE3
° Eq+¥g spectrum §
e 7Ge Semiconductor, |
e 130Te Bolometer:
o AE/Q~151073
o T%(t) << BG(RI)
® at 2~2.6 MeV
e Tracking Detectors
o AE/Q ~5~10 102
e T2V(t) >> BG(RI)
) - at 3~3.3 MeV

0¢

L, WO Y . . = S VP ) W - e PLN— " =, D L - .




Localization/ Segmentation of
detector

ar

‘Event selection

o B—y
e ¢ EO, IC

e 1y Compton-e vy
e 2y Cascadey
® . Multi e in a large volume

28
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Ad Nuclear Shapes

Possible Shape Change

Excited 0+ state transition
with deduced BG
by ¥y coincidence

100Mo 1.132 keV 0+

T2V 7 1020y

(DeBraekelee et al, Barabash et al.)

Ratio to the g.s is 0.01,

same as the phase space.
Not two phonon state ?
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II1. Future Bp Experiments

¢ 1.GENIUS for 7°Ge
1.MAJORANA for 7Ge BB-> afternoon
2. COBRA & CAMEO for 116Cd 33

3. 2. CUORE for 13°Te

4. MOON for 1%9Mo-> details by Pr.Nomachi
5.EXO for 13¢Xe

6. DCB

e NEMO: afternoon by NEMO group
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egmented 7Ge semiconductor d
igh E-resolution leads to large S
ow Q=2 MeV, BG of 214Bj, 208T]
ased on IGEX: 0.3~1.3 eV

nriched ~ ton 7°Ge
ensitivity of 0.02 ~0.05 eV

Details afternoon by Ejiri




e 1. Good E-resolution (1%) Semicon
o2, 116Cd, 130Te and other elements

e 3. Potential of tracking by pixel detector

e 4. B*B* by Cd with 1.2 % and Q=2.77
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‘Veto system

Pb

Cu

A

'E

CdTe - Array

1 ccm crystals

Option:
Pixel detector
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COBRA - Isotopes

+ Zn64, Zn70

Ak a :

| nat. ab. (% (keV) Decay mode

Cdii4  28.7 534 -[3-
Cd116 . 2805 -[3-
Tel28  31.7 868 13-
Tel30  33.8 2529 -B-
Cdio6  1.21 2771 +B+
Cd108 0. 231 EC/EC
Tel20 O. 1722 3+/EC
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regy resolut

astro

-ph 0106047
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a

McConnell et

ductors

ICOn

NnNTe semi

CdZ

%

2 keV

FWHM at 66
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e (Liquid scintillator Borexino

FN,Queen,TUM

e 1. Enriched "%Cd WO, scintil
e 2. Use of existing CTF

® Counting Test Facility)
¢ 3. N~10*¢ =15kg, BG ~ 3-4,t ~ 5-8y,
4. m, ~ 0.05~0.07 eV




e Thermal detector at low temperafii E. Fiorini

‘e Heat capacity
o Cv~ k (T/©)3

® ®:Deby temperature
e High energy resolution ( 10 eV for kg mass) in pri
° in practice 5 eV for 6 kev X ray.

o CakF, Thermal scintillation pulses coincidense
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AE @ 5keV ~100mk~1mg

<leV ~5eV

Fiorini
@2MeV ~10mk~1kg <10eV ~keV
V2000 | | Compound Isotopic Transition
abundance of energy AR
®. | the candidate o
nucleus '
**CaF,a 0187 % 4272 keV
“Geb 7.44 " 2038.7 "
MoPbO, 9.63 " 3034 "
C
TPCAWO, 749 " 2804 "
c
| 'TeO, 34 " 2528 "
d
| ONdF,e 464 " 3368
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e TeO, Bolometer

Bolometr

o CUORICINO CUORE
o Weight 42 kg 1K of 1kg
e BG/keV.kg.y 0.1 0.001

e Sensitivity T,,y 8 10* 1.1 1026

o m,_ eV - 0.15~0.3 0.04~0.09
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CUORE

WL
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Scheme of CUORE and CUORICINO
(essentially one column of CUORE)

-

Figure 4
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MOON i

Observatory Of Neutrinos

A J '

Neutrinos

http://ewi.npl.wash

A, In A 2 e i, - a.




MOON wit
for B3 and
solar/supernova V

Correlated 3 2
solar/supernova

v induced B and
successive f3




MOON_ODbjectives

» Spectroscopy of two B rays from%Mo with

» large responses for BB—v and low endxg
V. and low threshold(Qp)

» Double beta (BB) decays with m,~0.03 eV.

+) Low energy pp&’Be solar v, and supernova v,
B followed by successive [3

solar/supernova

» Two charged particle(3,) spectroscopy with high
localization(resolution) in time and space.

» MOON, a super modules of "Mo/1%°Mo with 1 ton 10"
& scintillators( liquid/solid Mo loaded) with modest |
volume and realistic purity




100V o by ELEGANT V

o T%>1.0(0.55) 10%y S z 8
- _
° 68(90) % CL 2 10 z 6
e  BG 10¥keV.kay S 8 ‘2‘
® 0 .
e <m> < 1.5(2.1)eV 2b,., oo
' 25 275 3 325
s 10 P sum energy(MeV)
o <g,> < 9(11) 10° Ops

¢ ELEGANT V/ Oto Lab.

H.Ejiri, N.Kudomi, et al.,

Phys. Rev. C 63 ’01, 65501 ‘window

, . 32 3 4
7582y at Oto BG~ 0 012JkeV/kgly P sum energy(ide




H. Akimune, H. Ejiri et al,

Nuclear Responses for Phys. Let. 394B (1997) 23

Neutrinos: = - OMo(Heyt) (B, =450 MeV)

Charged Current Spin
(toY)

Charge Exchange Spin-
flip Reactions |

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

VAC,

W_.hy-vsolar R
below 1 MeV

1
1011

1010

10%

1049

10°*

10=

10

10+

ica

1ca2

+

torie
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Solar-v capture rates in units of SNU

Nucleus -Q(MeV) pp Be BN pep 1O 2B Total
P 1442 0 0 0 0 - 6 6

ICP 0814 0 11 01 02.,03 61 179

DAL >1505 0 0 0 o 0 72 72
7Ge 0236 708 35 37 29 58 129 132

\ Mo’ 0168 639 206 22 13 32 27 965
USps 0120 468 116 136 81 185 144 639

2= 0789 0 94 - - - 13 246

G\T‘ Strength & Capture rate| {; Spin factor| B(GT) g.s. 1st Sum
NGa - (3/2y+ 0.25 D.089 0.005 (0.175MeV) 3.8

1/QI+1) Mo

0+//' 1

0.33 §0.13 (1.4MeV)

3.3

a, Bahcall 88 b; Bhattacharya 98 c; Ejiri 98 d; Ejir1 99 e; Engel 91




4

MOON-for Supernova e , vxe
1.Large response for CC by

GTR, low E, ~2 MeV.

do/dEe (V)

6~ 6 104! cm?for v,

200815
o~ 7.8 10 cm?for v —v,

2.Energy spectra of v by
measuring energies of e.

3.Sensitive to low energy v,
and v -v, oscillation.

4.Scaled up MOON with

1

100615 |

1 K ton natural Mo plates |

of 2 gr /cm? gives 50 v, 0.006+00 -
and 300 v_-v,oscillation J§
- events for 10 kps SN.




Double 3 deCays.

N
Ny

References

Nuclear responses.
Review.

MOON
BB and solar v  H.Ejiri,J.Engel, Hazama, P.Krasteyv,
N.Kudomi, R.G.H. G. Robertson,
Phys, Rev. Lett.,85 (2000) 2917
Supernova v H. Ejiri, J. Engel, and N. Kudomi, Phys. Lett.
: ~arXiv:astro-ph/ 0112379 v2
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O for 136Xe

Ba* system best studied
(Neuhauser, Hohenstatt,
Toshek, Dehmelt EQSQ}
Very spaalfm signature
“shelving”
Single ions can be detected
from a photon rate of 107/s

March 14-16, 2002
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Conceptual scheme of a high pressure Xe gas TPC with laser tagging
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Assuming that the Xe chamber + Ba tagging give 0 radioactive background...

Isotope

Det mass Eff. | Measur. Background Tesa™ > (el
(kg) (%) | (%) |Time (}frjf (yr} [|GQRPA N3M

TeGe 11 86 | 75| 2.2 |03kglyriFWHM|1,9%10%5]| 0,35 |1.0
Bexe | 3.3 63 | 22| 15  |2.5kglyrtFwHM4A* 10| 22 |52
130Te | 6.8 34 [845|0125 |BikglyriFWHM!|L4*1022| 18 |38

g0 | 70| = O+ 18events |8.3*%102¢ 0.051]0.14

136 o 1060 701 5
wewe* | 10000 al 10 D+ 5855 events | 1.3%1028] 0.013|0,

* o(EVE = 2.8% R Luescher et al. Phys. Lett. B434 (1998) 407
™ o(E)/E » 2.0% Modest improvement on the above. ..
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Track recognition by 3-dimentional
chamber in a solenoid.

Momentum by bending curvature
BB+ from vy annihilation can be rej ected
Source foil exchangeable

Test 46-52-68 cm? resolution test

Points:Total volume, E-resolution, BG.
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New generation experiments
require new expe

Depth w.e.
>3 k Gran Saso

>1.5 Oto (1.4k)

e New US underground lab. at Homestake mine.
e  First priority project in nuclear physics in US




Homesta nderground lab.
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NUSL
programs

Double Beta Decay |
Craig Aalseth, PNL
Frank Avignone, USC
Hiro. Ejiri, Osaka
Steve Elliott, UW
Giorgio Gratta, Stanford
Steve Elliott, UW
Giorgio Gratta,Stanford

Do o= D
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1 Muon flux vs overbuvrden =
4 Y L
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Homestake Layout

GENERAL
CROSS SECTION
@ OF THE
HOMESTAKE

Location of previous experiments

eNew US underground lab. at Home stakemine.
o First priority project in nuclear ph)lfsics- in US
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Concluding remarks

o 1. ﬁB is the realistic probe presently able to study

a. Majorana v : Lepton numbex AL=2.
b. Absolute mass scale with <my>3&m ;¢;U?% in the -
0.01~0.05 eV region of interest and { hase.

2. Present detectors : limited by sensitivities

3. Interesting are future detectors with
sensitivity of <m,> 0.01~0.06 eV , i.e. Ngg ~ 1 ton
a. High resolution studies for 7°Ge, 13°Te, etc.
b. Low BG BB correlation studies for 1Mo, 32Se

T




e 5. M%:Theoretical calculations and

.

e studies of hadronic and v nuclear rea

"o 6. International collaboration for enriched
e isotopes, detector R&D , underground labs.
e and for nuclear matrix elements.

e 7.Encouragements and supports by theory g
e most appreciated aw well.

\ iy e P PO A — e P N i A i M ). 1

L — _ PN S
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‘o RCNP, and Physics, Osaka.

1\ __ eollaboratlon e

H.Ejiri, N. Kudoml, K Mats'” ka, M N omachl, Y Sugaya,
T.Itahashi, S. Yoshlda. L

e P.J.Doe, S.R.Elliott, R.Hazama, T.L.McCuga
R.G.H.Robertson, L.C.Stonehill, D.E.Vilches§

e Phys. CENPA, Umv. Washmgton.

J.Engel.
Phys.Astronomy, Univ. North Carollna.

M.Finger, Phys. Charles Uan.
K.Fushimi, | |
General Arts Sc1ence, Tokushlma Univ.
A.Gorin, I.Manouilov, A.Rjazantsev.
High Energy Physics, Protvino.

e Kuroda, CERN. P.Krastev, Princeton.

e Welcome MOON collaboration to give rize t
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Modern Physics Letters A, Feb. 2002

COMMENT Q!
“EVIDENCE I

" NEUTRINOLESS DOU]
BETA DECAY”

o




H.M.Data Sinee.1990 & analyses in 1999, 2001

€9

1. L.Baudis et al |
PRL 83 °99 41. >57105y90%CL < 0.19eV s
2.K-K,et al. Eur.

Phys.J. A12°01147  >19 90 33eV

3. K-K,et al. KDHK
Mod. Phys. Lett. 0.8—18.3 95 0.11—0.
16 °01 2409 1.5 Best - 0.39¢

* MO +-50%-> 0.05—0.84 ¢V should be 0.07—1.1 eV
Large dependence on the analysis method.

Large inconsistency among the publications on the same data
among the group menbers, only 4 (KDHK)out of ~20 claim *

) .
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ctra of HM 76Ge
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{i
00 M0 @A NG M0 XEH 2060 200 208D
energy |keV|

Fiz. 2. Bum spectrum of the °Ce detectors 1, 2, 3. & over the period August 1990 to May
2000, 46,502 ke v. The curve results from Bayestan mference in the way explained in the text. It
corresponds to a half-life T':m = (0.75-18.33) % 10%° y (36% 1),

oy ' .l
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Yoon

2000 2030 O

energy [keV]

Fig. 3. Bum spectrum, measursd with the detectors 2, 3, 5§ operated with pulse shape analysis in
the perind November 1995 to May 2000 {28.053 kg v), in the ragion of interest for the Qe33-decay.
Only events identified as single site events {S5E) by all three pulse shape analysis methods 1819
have been accepted. The spectrum has been corrected for the efficiency of 35E identification (see
text). The ourve results from Bayesian inference in the way explained in the text. The signal |
corresponds to a half-life 3?!?2 = [0.88-22.38) = 10%° y (0% c.l.h. |

oy



rom 14 Lab-Univ’s

° P J. Doe®6, H E]1r17 S. R. :
Ga1tske119, G. GrattalO, R. Hazama6, azkazob,
G. S. King ITI2, R. T. Kouzes1, H. S. M1
Moell, A. Morales12, J. Morales12, A. Pieg
G. H. Robertson6, W. Tornow14, P. Vogel4,
Warnerl, J. F. Wilkerson6

e 1PNL 2USC 3ITEP 4Caltech 5U.Chicago 61
TITAS-RCNP 8 U.Milano 9Brown U, 10Stanfo
111rvine 12U. Zaragoza 13 Alabama 14 Duke U.

ey

Ty ” . s i,




No scientific & basic.discussions on data analysis and interpretation

eNo discussion of how a variation of the size of the chosen analysis
window would affect the significance of the hypothetical peak.
oNo relative peak strength analysis of all the 21“Bipeaks in the region of interest.

e There is no presentation of the entire spectrum to colkgare relative peak strengths

® There are three unidentified peaks in the region of anal; t have great

significance than the 2039-keV peak. No discussion of the orK ese peaks.
% eNo discussion of the relative peak strengths before and after th
single-site-event cut. This is needed to elucidate the peaks’origins
eNo simulation to demonstrate that the analysis correctly finds true pe
¢ it would find no peaks if none existed.
e No discussion of how the conclusions depend on different mathematical
ePrevious data 2 of lower limit of 1.9 X 1025 y (90%) in conflict
with the “best value” of the new KDHK of 1.5 X 1025 y.This indicates

a dependencé of the results on the analysis model and the BG evaluation.
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A comparison of the intensities of the 21*Bi lines.
o .Ref peak come from Ref.2."The relative efficiency for the peak
e is an interpolated value based on-the 3 reference peaks.

)

Peak Rate" -‘.Branching Relati";e

o xpected Rate

e (keV) (c/(kg-yr) Ratio3  Effciency 3 syr))

® 609.3 1092 44.8% 1 Re ;
e 17645  4.06 1536%  1.08  Ref.

® 2010.7- 0.05% 1.11 0.0135

o 2016.7 - 0.0058% 111  0.0016

o 2021.8 - 0.02% 111 0.0054

® 20529 - 0.078 % .11 0.021

@

22042 134 4.86% 1.13 Ref. Peak

These Bi peaks are too low to be seen above BG :0.17 c/kev.keg.
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for lines ¢ » energy range ol interest around Qgg.
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214Bj 2011, 2017, 2022, 2053 are claimed to be observed.
But they should not in the single site. No consistency between non-sc and
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0 17645 - 152

RI 214Bj (Q:32

e 2l14Bj lines at E~2 MeV (~
E KeV e Y Y

e 2010.8 - 0.05 1.3

e 2016.7 0.006 - 29

® 2021.2 - - 0.02

* 2039 ee

® 20529 - - 0.07  2053+60¢
©22041 - 508 -

®

e ¢/ee, 7y, and yy modes select relevant signals, and
“check the origins of peaks. o

. . A - - - -~ F— P . P [ %, _
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dogs not support its claim of evidence for 8 B (0 V). N

» peak finding procedure used by KDHK produced spurious
) peaks near the S8 B 0v) endpomt |

PYIRE

claim of a peak at 2039 keV 1nterpreted as OVB[S

3.All the peaks claimed in the 2000-2080 keV region
spurious leaving the entire count rate due to an unifo

Alternatively, if all the peaks are real but unidentified, t
putative 2039-keV feature may be simply another of tho
unidentified lines.

4.These two examples emphasize the importance of addressil
the items listed in the Introduction.

By failing to address these issues, the KDHK paper




(A

Neutrino oscillations and signals in 7 and (Ur27 experiments

Ferruccio Feruglio

Universita di Padovae and INFN, sezione di Podova, Halin

Alessandro Stzumm |
Theoretical F?w;a ivs Diwsion, CERN, C’H-j:i?fg Clendve 23, Swisse

Francesco Vissani

INFX. Laboratori Nozionali del Chran Sasso. Theory Group, 1-67000 Assergi (AQ), Haly

Abstract

Assumine Majorana neurrinos, wo infer from oscillation data the expected values of
the paramiclers m, and Mee probod by & and Up2F-decay experiments. [ neutrinos
have a normal bierar chy” we get the 90% CL range !mfe{ == (05 =5 me V., and disenss
in which cases future o*z:p-f"*}'%1‘:’&"“-?%}2* can rest tlis possibility, Fer cinverse hicrarchy’, we
FOU [ Mg | = ;jf']_[‘i!m 57 eV and my, - ifi—— T )m@\ The 023 data imiply that almost
degenerate neutrinos are Lghter than 0.5 eV at 90% CL (A ~ 1 par ameforizes nuciear
uncertaintics), competitive with the B decay bonnd, We erdtieally reanalyse rthe data
that were recently used to claim an evidence for Op28, and discuss tlioir zztiphram}z}«
Finally, we review the predietions of fHavour models for mee nnd Oy,

]
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teure 0 The histoprams in the firs fuo fipures ape bwo dafa-sets (the left ondinales show the scale). In
aeh ense we superimpose the best fit in terms of o constent background (doshed tne) and in ferms of @
mstant hackyround. plus a backpround due {0 v-peabs of MR plus @ 00273 peok of F = R0 kEV.
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‘@ HDHK should answer for all questio
by critical papers.

® It is our hope that scientists and science

administrators consider courteously critical

other papers as well to be fare for science.

- Thank you for attention
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Efficiency for light collection of
WLS €, ~03.

Need increase of  t: 0.14---0.2
| | €,c:0.25-04
~to get a required E resolution

Good Energy and Position Resolution
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