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Where Are We Going?
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could have been
much worse



Solar neutrino astronomy
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v are a wonderful tool |
to better understand 1
the sun. \

* The understanding of

the sun helps to better
understand the '
universe.
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« ready to detect SN
neutrino bursts in our
galaxy (SNO, SK, LVD,

OMNIS, ,
, other projects)

« need 1 Megaton detector
for the local group

(factor x2)

« need 100 Mt detector for

Virgo cluster (1/year) —
need for better ideas




Neutrino astronomy above 100 GeV

Window for the most energetic phenomena in the universe.

VEXTOQPY
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Recommendation of the IUPAP-PANAGIC-HENAP subcommittee:
- one 1 km? telescope at the south pole (IceCube)
- one (and only one) 1km? in the Mediterranean Sea (— galactic center)

ice: easy deployment
water: very good angular resolution




AMANDA-II

~ 2350 events
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South Pole

Dark sector

/ Skrway

+ IceCube
Planned Location 1 km east




Neutrino oscillations and properties

1. Solar, Reactor
2. atmospheric, LBL
3. Reactor, atmospheric, LBL,

Superbeams, Megaton
Superbeams, p beams,
neutrino factory

4. T, dark matter

5. atmospheric, Reactor,
VLBL, neutrino factory, B

6. BB experiments
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Combining All
Experimental

and Solar Model
Information:
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Personal comments




Obzervable

Pull (expt=fit) in o units
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We have 3 approaches:

Solar models
flux <1 MeV

GNO, SAGE
(CI — 2B)

. -

Borexino

: 1

LENS
XMASS, ...

flux > 5 MeV
(B)

SNO & SK

Reactor

Kamland
HLMA?
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SNO Day and Night Energy Spectra Alone

T T T I T T T T I T T | T T T —I—




10
10 ™
10
10
10
10

10
10-10

-11
10
012 Day/Night Spectrum ViV 2 (95%C.L.)

10* 10° 10% 107 1 10 10
tan“(©)

Am? in eV?

excluded
(rate not
constrained)




10
10 *
10
10

Am? in eV?

-SK
excluded

10 " (rate not
~constrained)

10 ®
10 s

10 allowed f
10 SNO Day/Night

| pectrum%

10" |

12 Zenith Spectrum v —v, . (95%C.L.)
W ot a8, o o 2

10 10 10 10 1 10

o 10
an(0)




Day-Night asymmetry, %

best fit: NC/CC = 3.15 best fit: A CC= - 3.9 %
3a: ~-{2.ﬂ-4.5)% P (.-...ﬂ ] 14) o/

SNO: NC/CC =29+ 0.4 SNO: A =(7.0+5.1) %




We have 3 approaches:

Solar models
flux <1 MeV

GNO, SAGE
(Cl — #B)
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We have 3 approaches:
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3 years 99.999%

L. KamLAND sensitivity

F 600 ton, 3 years

80% reactor power

rate/shape analysis above 2.6 MeV
2% systematic error

parameter determination (68%)

sin220




The HLMA region Am? >~ 2x10-4 eV?

KamLAND positron spectra ~200km| | HLMA ©Heilbronn pesitren spectra ~ 20km
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Neutrino oscillations and properties

2. atmospheric, LBL




SK Zenith angle distributions
(FC+PC+up-p)

Best fit { Am2=25x10-3eV?, sin226=1.0
Pmin=163.21170 d.o.f)

MNull oscillation
(y?=456.5/172 d.o.f)

Nomber of Evamnin

anEaRERBRERE

1
<

; Flox{10™ " cm™ s s}
PR S| e O el

ll_l-
&
&
s
18
&

13000km  500km  15km



Super-Kamiokande
Combined allowed regions

— FC+PC+UPMU combinad
— FC+PC
Upgolng through p
. I.Ipnulnn:hppﬂpnnlm Ihmunhp
-] uin.:n.smuu.anrmui
sin’20




Am?, sin?(26) Comparison

Soudan
Macro HE
Macro LE
Super-
Kamiokande




K2K Oscillation analysis on June 99 - July 01 data




K2K Oscillation analysis on June 99 - July 01 data

Allowed Region - Total Number + Shape

— Ea-q-:,
— K2K Preliminary

i 1999-2001 Data

12 0 01 02 03 04 05 06 07 08 09 1

sin“26

Data taking
will resume

within this year.




Ph2le, 10 kt, yr., 90% C.L.
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| Super=K, 1144 doys
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SK: 1 appearance analysis
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ICARUS
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Neutrino oscillations and properties

3. Reactor, atmospheric, LBL,
Superbeams, Megaton
Superbeams, p beams,
neutrino factory




Allowed region for 6,5

SK getting close to
CHOOZ's limit on 013

consistent with CHOOZ's
excluded region




ve appearance in JHF-Kamioka (phase 1)

123.2 events @ sin©2013=0.1, AmZ2=3x10-3eV-

(5 years running)




MICE Lol to PSI

CHOOZ




sensitivity to maximal CP violation
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Neutrino oscillations and properties

4. T, dark matter




» Neutrinos of galactic supernovae

- galactic SN only every 30 years
- not sensitive below 1 eV (uncertainty in time spectrum)

 Tritium B decay
- at Mainz

- and Troitsk




Mainz Neutrino Mass Experiment since 1997

GFW?EEP-HGTRHF : SOLEMOID . ELECTROCOES DETECTOR Mainz
f : — )
v . — v group
== - — === ==
P i — ) 2001:

e == — =< J. Bonn
ﬁ 4 \ o T 1 B. Bornschein®
. L]

B . B By L. Bornschein
| B, B. Flatt
/ Ch. Kraus

MEW GUIDING MAGNETS MEW HIGHFIELD ELECTRODES B. Miillar
EW, Otien
J.P.Schall
Th. Thimmbsr*
Laser for ellipsometry LHuhl::;hd Ch. Weinhgimer®*
5

Y FZ Karlsruha
« Linmv. Bonn

o T,Film at 1.86 K

* quench-condensed on graphite (HOPG)
® 45 nm thick (=130ML), area 2cm?

* Thickness determination by ellipsometry



count rate Is”']

Mainz data of 1998,

1999

0.05F 5{;.5_!191“!\1%: Lkt B30G {1083) 210
0.045¢ \ = Mainz 98/99 data 25 ' OOEOR dotn, Srym, Lt B8O {19981 215 b beutring ;rlcll:[\
0.045' —-: h'. Fﬂr I'I'I,,1=|:| D_
D.035¢ f}: —25F
Fs 2 el
003 :‘ C
E .
0.025 _?5:_
0.0 —1DD:'
0.015F -125F :
: ] ] S T T S T E."
00555 Tass 1857 1858 18.3 18.4 18.5 T8.6
retarding energy [keV] lower limit of fit intervol E,, [keV]
mv)=-1.6+25+ 2.1 e\ (72/d.o.f. = 125/121)

= mv) < 2.2eV

(J. Bonn et al., Nucl. Phys. B (Proc. Suppl.) 91 (2001) 273)

(95% C.L.)



Results of 1998/1999, 2001 data

: 1998/1999 data
10F 2001 data
lower limit of it :
B - 5 g
* L - [
L Eo- 0 i |
L o [ L
LY Yo% i [ 1
E [
e &l
-10f
(Y ’ I , i i . Ei*
18.3 18.4 18.5 18.6
lower limit of fit interval E,, [keV]
1998/1999: miv)=-161+25+x21eV: = m(v)<2.2eV (95%C.L)
2001: miv)=+0.1 4.2+ 2.0 V2
1998/1999/2001: miv)=-12+22+21eV¢ = m(v)<2.2eV(@5%CL)
= Mainz sensitivity limit reached




Amplitude of anomaly: Troitsk, Mainz

step amplitude ImHz]

Status of Troitsk anomaly

+  Troitsk, Hut!.thl.E[Pru:.Sun,ﬁ.}m{EW'E]EBﬁi

15F
[ Mainz step @
[ amplitude at
10r % Troitsk prediction @
1Y
[ : @‘} % _ P @*T '(%
[ @ﬁ-‘?m lua Legs
of & :

0 2 4 8 8 10 12

Troitsk 2001/2002:

* No anomaly in May 2001
* Only small anomaly in Dec. 2001

Mainz:
* Clear contradiction to
0.5 y period
e Similiar effect observed
only once (Q4 1998)
* Does not show up in
in newest Mainz data
of 2000 (Q9,Q10, partially in
parallel with Troitsk)
and of 2001 (Q11,Q12)

= Troitsk anomaly is very likely experimental artefact,
which can be avoided (Mainz)




KATRIN Estimation of sensitivity

0.3 0.7
[ statistical uncertainty, 1(3) year(s)
0.25} Syslemaolc unceriainty, £4 energy Ko E First simulations with
[ total uncertainty los @  conservative assumptions
0.15F 10.5 E
=
R
]
20 104 o
T
L on
G.DE:' d 3 10.3 E’l
[ e 10.2
AT TENY % v iR PR O B, | &
Yo 20 30 40 50

B Sl S i = Sensitivity on m(v,)
energy resclution leV 2

source oreo. 29 cm’ =().35eV/c?

gaseous source column density: 5 10" /em’
max accepted storting ongle! 51°
background rote: 11 mHz




Cosmology and neutrino mass

Eructure formation
S.ll._c.' 015 Emiv)i<eesV)

Tritum [ decay

miy, ) < 2.2 ¥

Super Kamiokande
v = 0.05 eV
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lonisation/Recoil Ratio

EDELWEISS-

EDELWEISS

* ?DDE PRELIMINARY 1

" nuclear recoil band |

WIMP-Nucleon Cross-Section (pb)

------ IGEX 2002

Influence of
120 ke ¥V data poind

DAMA Nal1-4

CDMS 2002
Edelweiss 2000 + 2002

WIMP Mass (GeV/c?)

2 3 4
10 10 10



Neutrino oscillations and properties

5. atmospheric, Reactor,
VLBL, neutrino factory, B




Mass hierarchy

A

m




inverted
hierarchy

2
Am=;,

sin?26,,

L=20 km
Am?,=2-104 eV?
(HLMA)

sinZ26,,=0.8
sin226,, =0.05

.&mz:ﬂ =1 g 3' 1 0-3 EV2

.
Am*;




BNL LOI is proposed to send » beam to Homestake at the
distance of ~3000km to study matter effect and the sign of

*—lmhh
This is a unique feature of this project, which is not
considered in JHF-Kamioka and CERN-SPL-Frejus.

.Fnr :

Homestake ™ _. Sl
Lo \‘.‘

N
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e
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Neutrino oscillations and properties

6. BB experiments




0128 Experimental Situation

2 main experimental approaches:

& Eakkes o /
ACllve oource
- Passive Source — ﬁi@

Best 025 results involve active source experlments

Experiment Isotope T2™ (Y) “%\ . <m> (eV)
You Ke et al. 1998 1BCa > 9.5 x 1021 (76% ., <8.3
Klapdor-Kleingrothaus 2001 5Ge > 1.9 x 10% w <035
."-"-.a|$Et|‘l et al 2002 > 1.En|r x 1022 < 0.33-1.35

Elliott et al. 1992 825 > 2.7 x 1022 (68% <5
Ejiri et al. 2001 1Mo > 5.5 x 1022 <21
Danevich et al. 2000 1MeCd =7 x 1022 < 2.6
Bernatowicz et al. 1993 130128 Tg* (3.52 £0.11) x 104 <1.1-1.5
Bernatowicz et al. 1993 128Ta* > 7.7 x 1024 <1.1-1.5
Mi DBD - v 2002 130Te > 2.1 %1023 <0.85-2.1
Luescher et al. 1998 136 ¥ a > 4.4 % 1023 <1852
Belli et al. 2001 136X a =7 x 1023 <1.4-4.1
De Silva et al. 1997 13O0Nd >1.2 x 1021 <3

Danevich et al. 2001 160Gd > 1.3 x 1021 < 26
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i fo
M = eidetberg

[ Heidelberg-Moscow
7 A W Klapdor-Kleingrothaus HV et al. Eur. Phys. J. 12 {2001) 147
Max-Planck-Institut flr Kernphysik T :
; - : = - 0.06 ckeVkgy B - -y (550
Russian Science Center Kurchatov Institute B ‘:ﬂvZB el S5 :k
B 0% | R L 53.9 kg
1990-2000 ) i i
E oaf
Gran Sasso underground laboratory 5 _.«1
(ER
= Five Ge diodes (overall mass 10.9 kg) 02
isotopically enriched ( 86%) in ™ Ge
= Lead box and nitrogen flushing of the detectors i m I
= Digital Pulse Shape Analysis (factor 5 reduction) h Li "
o L Ili.IiL |
B T e:nergy [I.e"-']
% - 47.7 kgy 272
it T,,% >1.9x 1025 (90 % C.L.)
- <m,> < 0.35 (0.3-1.24) eV

HK‘_‘_‘-———_

Accurate background model:

L Typ?> (1.55 £ 0.01(stat) 0195, (syst)) x 102

00 [EEH] | 5y 0
enengy [keV]




The CUORICINO set-up o

] 1 i

CUORICINO = tower of 14 modules, 4 detector (760 g) each S —
M =42 kg ==
Coldest point | Lo .

New configuration: 2 planes will consist of \; -

340 g detectors arranged in a 33 matrix § gl /|

| LT

Cold finger it E

N b ’

Plane section \

Tower ——=—N—* |

2 s B ’

' % Lead shield , g & /

— il a

S Pty :I:

Y .l

N =z |

Same cryostat | N . T

This detector will be completely  and similar N =

surrounded by active materials.  structure Y \ )

Substantial improvement a5 Mi DED Nf;):ﬁ

In BK.G reduction L= !



0205006 Neutrinoless Experiment with MOlibdenum llI
or Neutrino Ettore Majorana Observatory

Large Collaboration: 13 groups from Europe, USA and Japan

Passive source - Spectroscopic approach

)

023 sensitivity:
T~104y
<me>~0.1eV

TR

BT AR

Detector structure: 20 sectors
1 Source:
up to 10 kg of 55 isotopes
(metal filmn or powder glued o mylar strips)
cylindrical surface: 20 m? x 40-60 mg/cm?
2 Tracking volume:
open octagonal drift cells (6180)
operated in Geiger mode
(0,=0.5 mm,o>=1 cm)
3 Calorimeter:
1940 plastic scintillators coupled to low activity PMs:
FWHM(1 MeV) ~ 11-14.5 %
Magnetic Field (30 G) + lron Shield (20 em) + Neutron Shield (30 cm H,0)

oy ER A &

II.- . i

|

my,; ~ 36 tons
Low activity materials



NEMO 3

D.Lalanne&CS.Sutton contr. pap. v 2002

Mow Operating in the Frejus Underground Laboratory: 4800 m.w.e.

Identification of e-, e*, ¥, n and delayed-x
+ 8 events

« source radiopunty
« BKG rejection

by e-y, e-y-«x coincidences analysis

Enriched sources placed in NEMO3

Mass Intended <m%_>
Isotope (@) lLA. studies {e‘»ﬁ
WMo 6914 97% BR(0wv) 0.20.7
#25e 932 97% BR(Ov) 06-1.2
MsCd 405 93% BB(2v)
130Te 454 89% BR(2v)
150N d 36.6 91% BR(2v)
ST 9.4 5T% BR(2v)
BCa 7.0 3% BR(2v)
ntTe 207 Ext. ¥y bkyg
Cu 621 Ext. ¥ bkg

March 2002: start without shielding
Summer 2002: start with full shielding

/fy after enrichrment and chemical processing



Future projects

Experiment  Author Isotope Detector description T () <m>"

Arnaboldi et al. 130T

CUORE 2001 760 kg of TeO, bolometers 5x10% 0.037
EXO Danevich etal 2000  135%e 1t enriched Xe TPC 8 x10%  0.052
Zilesenko et al 76~ 1t enriched Ge diodes in liquid nitrogen + water o7
Klapidor-
GENIUS Kleingrothaus et al TiGe 1t enriched Ge diodes in liquid nitrogen 1x102% 0.015
2001
MAJORANA  Aalseth et al 2002 TGe 0.5t enriched Ge segmented diodes 3% 105  0.028
CAMEO Bellini et al 2001 M6Cd 1t CAWO, crystals in liquid scintillator >10%  0.069
CANDLES Hishimoto et al BCa  severaltons of CaF, crystalin liquid scintillator 1 x 102
: 160 2t Gd,Si0;:Ce cristal scintillator in liguid 5
GSO Danevich 2001 Gd scinfillator 2x10 0.065
. 100 34t natural Mo sheets hetween plastic a7
MOON Ejiri et al 2000 Mo  iillator 1x10 0.036
Xe gﬂa:]:f'““'ga e 136Xe  1.561 of enriched Xe in liquid scintillator 5% 10%  0.066
XMASS e il 136Xe 10t of liquid Xe 3x10%  0.086

* Staudt, Mo, Klapdor-Kleingrothaus Europh. Lett 13 {(1990) 31



Exploring the neutrino sector

New Chapter of Alice in Wonderland







