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From the romantic era of great discoveries (1998-2002)
SuperKamiokande, K2K, SNO, KamLAND

to the realistic era of precise measurements (from 2003
onwards)
tens of experiments in the near or further future to study neutrino
oscillations and properties
in order to answer a few fundamental questions and to help
theorists to select good models (out of hundreds)
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Neutrino physics - outlook

1998 - 2002 - romantic era of great discoveries

1998 SuperKamiokande - atmosferic neutrinos anomaly explained
by the v, -> v_oscillations
2002 confirmed by the long base accelerator experiment K2K
2001-2002 SNO solves the 35 years old solar neutrino puzzle
by the v, -> v, oscillations

Dec 2002 KamLAND shows that reactor anti-v,'s oscillate like solar v,'s
from 2003 onwards - realistic era of precise measurements

- better determination of the oscillation parameters and

neutrino mixing matrix elements

- determination of absolute mass scale

- neutrinoless double beta decay (Bp0v) down to 0.01 eV
LBL accelerator (on-, off-axis) and reactor expts, superbeams, niu-factories,
underground cryogenic detectors, beta spectrometers, CMB surveys, ...

and still a bit of romanticism...
- searches for very high energy astrophysical neutrinos
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A few important questions

Seven questions of Murayama
at EPS2003:

Dirac or Majorana?
Absolute mass scale?
How small is 6,5?

... and do not forget
hundreds of theoretical
models to be checked ...

CP Violation? %1500-"""" R
Mass hierarchy? >
Verify Oscillation? g 1200
LSND? Sterile neutrino(s)? CPT violation? -
© 00|
Why? 2t
To understand the mechanism given rise =
to neutrino masses and oscillations, s L
the possible relation between CP-violation

in the lepton sector at low energies and 300
the generation of the baryon asymmetry
of the Universe, new symmetries,...

PQBO 1985 14990 1995 2000
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Neutrino sources
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Three light active neutrinos: v,, v, v, - result from LEP, others must
be sterile
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Neutrino oscillations primer

In the two-neutrino oscillation scheme the probability that :

L
P(v, —v,;)=sin 26kin (1.27Amz E)

Appearance experiment:
P (va —>V ﬂ) > ()
Disappearance experiment:
P(v, >v,)<I1

Matter effects: the same formulae for probabilities like for
vacuum oscillations but effective masses and effective mixing angles
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Neutrino oscillations
after SNO

Two oscillation regions with a very
solid experimental evidence:
atmospheric region
solar region
Third region:
LSND
being checked by the dedicated
MiniBOONE experiment

Note: SNO reduced the allowed
oscillation space for solar
neutrinos by 7 orders of
magnitude
CHOOZ excludes v -v,

oscillations in the atmospheric

) 12F NIRRT R
region 10 100 10

. - 2
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let us be more professional-three neutrino mixing

rFeecerr ‘h

Uningp - Neutrino Mixing Matrix

Chooz + Super- K OvBp decay
tan2?9,, < 0.03 at 90% CL

2
small, perhaps 0 maximal

Dirac phases
IJF'—‘—'JL‘LH—‘_"‘&I

sinf,, 0" cosf, P sinf,, 1 0 0
—sinf), cosf,, 0x 0 1 0 x|0 cosf, wmnb, Ix|0 e°°

0 0 1) \-e®"sinf; 0 cosb, | \0 -sinf, cosB,/ (0

solar v reactor experiments + SK atmospheric v Ovpp experiments
present present present present

Low E solar v + SNO reactor and accelerator v accelerator v Ovpp experiments




Solar neutrinos primer
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Most of the solar neutrinos in pp
cycle

4p — ‘He + 2et + 21, + 2y

Experiments measure the reactions:

Ve+n —p+e” All

In particular:
Ve +3Cl - 3Ar + e

v+ 1Ga— "Ge+e”
ve+e” — 1y +e- SuperK, SNO
Ve+n—vi+n SNO

--Matter effects in the Sun are important for flavor conversior

--We have to count on solar models o provide the needed input R = Nups/Nuc
--The distance to the Sun varies by about 7% during the year

--During the night neutrinos pass through the Earth on their way to the
detector, while during the day they do not -> the Earth matter effect provides

further sensitivity to the neutrino parameters.
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SNO - oscillations of solar neutrinos

v, heutrinos produced in Sun

ve —>v, . on the way from the Sun core t
the detector e
total neutrino flux in agreement with th ,
Standard Solar Model ' '

Phase 1: 1000 tons of D,0, 9456
photomultipliers, 7 kton H,O, 2000 m.
under surface, detection of the
Cherenkov radiation

Phase 2: addition of two tons of salt t¢
improve the neutron capture efficiency! (&

Phase 3: addition of He detectors

Phase 1 publications
PRL 87, 071301 (2001) (SNO + SK)

PRL 89, 011301 (2002) (SNO only)
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Processes measured In the SNO experiment

only v,'s, good energy measurement
weak dependence on the neutrino
direction 1-1/3cos6

' Jv,+d=p+pte

all three types of neutrinos with
the same cross section,
measurement of the total neutrino
flux

relatively small cross section,
sensitive mostly to v,'s, sensitive
to the neutrino direction, reaction
measured also by SuperK
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SNO Phase Il - Salt

D,0O Salt
NC Sensitivity Enhanced NC Sensitivity
e,~24% e,~83%
n+2H->3H+y n + 3°Cl — 3°C| + Xy
E, = 6.25 MeV Ey = 8.58 MeV

NC and CC separation by
energy, radial, and
directional distributions

NC and CC separation by
event isotropy

A.Zalewska, Ustron, 20.09.2003
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SNO Phase 111
The Neutral Current Detectors

Array of 3He counters
96 Strings on 1-m grid

775 m total active length

Detection Principle

2H + v, —> p+n+ Vy -2.22 MeV (NC)

¥3He+n—»>p+3H

Physics Motivation

Event-by-event separation. Measure NC
and CC in separate data streams.

Different systematic uncertainties
than neutron capture on NacCl.

NCD array as a neutron absorber.
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SNO - answers to the questions:

Ve

day
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2002 SNO results - solar flux analysis
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2002 SNO results - day/night asymmetry
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= 2%(Py x — Ppx)
(Pyx + Ppx)

2.4
Ay =-24.2116.1755

It will be a very important
measurement for Borexino
and/or upgraded KamLAND!
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2003 SNO results from phase 2

Phase 2 nucl-ex/0309004
n capture efficiency almost c Ta 1w
doubled + <>

o0 = 221705 (stat) +0.10 (syst)

T 1 F .
O 1Sy | A ;

[ —90% CL

o I 1 L :95%;(:]_,
Ne = 521 +£0.27 (stat) = 0.38 (sy . oamsicL

10, — mzﬁl 10" T ngl
Phase 1

FIG. 5: Global neutrino oscillation contours. (a) Solar global: D.O

+0.06 +0,09 day and night s salt CC, NC, ES fluxes, SK, Cl, Ga. The
D_.(v,) =1.76 .05 (stat.) 009 (Syst.) x10° cm2s™! begt-ﬁt poiﬂlis p;;iztm; 6.5 x 10°5, tan? @ = 0.40, fo = 1.04, with
vona os y¥2id.o.£.=70.2/81. (b) Solar global + KamLAND. The best-fit point
D (v,) =2.39 NG AR A P AL R R is Am? = 7.1 X 107°, tan® @ = 0.41, f3 = 1.02. In both (a) and (b) the
®B flux is free and the Aep flux is fixed.

D (v = 5.09%043 (stat.) 043 (syst.) x10% cm2s"!
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Reactor antineutrinos

Long tradition, started
by the first observation
of neutrino interactions
by Reines and Cowan

Typical power station
gives 6x1020 anty-v/s and
3GW of power

. ]
| i -, \ mmmmu{&bvmmnnumel &
. | | A k L £

The Palo Verde reactor
experiment
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KamLAND - very long baseline reactor experiment

Detector: inner detector - 1 kton of liquid
scintillator, light registered by about 2000
photomultipliers, outer detector filled with ail,
veto part filled with water,

Detector "looks" at more than 30 reactors in
Japan and Korea at average distance of 180 km
Experiment started in January 2002, first
results published in Dec. 2002
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A.Suzuki at
Neutrino telescopes 2003

reaction process : inverse- 3 decay (v, +p—> et +n )
p—>d+vy
distinctive two-step signature

© prompt part : e

Ve €nergy measurement

P 2 2
E\, ~(E,+ N[+ _Lf!+ A“ -,
| My, M,

A=M,- M,

@ delayed part : y (2.2 MeV)

© tagging : correlation of time,
position and energy between
prompt and delayed signal
19




KamLand results - from Dec.2002
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86.8+-5.6 expected events if no
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neutron capture

Distance to Reactor (m)

Nabs — NBG

N expected

= 0.611 £ 0.085(stat) £ 0.041(syst)
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Events/0.425 MeV

KamLand - oscillation study
combining rate and energy spectrum

E 5 '3 .-“1 = -~
3 — react tr
; _orneinnes |40 [V D
o m accidentals -
- 68%C.L.
i N L A4 95%C.L.
: >10 £
T S R
o 2.6 MeV ® KamLAND data ™~ -
C (analysis) — no oscillatipn ‘ E i
f— | B <, g
- i Am= 6.9 x 107 eV 10 ¢
C | - mmm Rate+Shape allowed (>2.6MeV)
- - LMA
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Neutrino Oscillation Stuc
A.Suzuki af Q. Rate & Energy Spe

Neutrino telescopes 2003

Eprompt > 0.9 Mev 10-3 . e "
Best fit i 68%C.L.
AmZ2 = 6.9 x 10-°eVa{_. 95%C.L.
10 3
§in?20=091 B, F
~N
Note: Best fit (with 510
SINOHEINERE 2 il Rate+Shape allowed (=0. QMEV)
AmM? =7.1 x 10>eV? - . LVA
tan? 6 =0.41 | W92 Palo Verde excluded
6| « j (;Jhc:?z elxc;lu:dedl L1
A.Zalewska, Ustron, 20.09.2003 10 0 0.2 0. 4 0 6 0.8 1

sin20



KamLAND - future

2nd phase experiment
(B, = B0DkeV)
Vet € — Vote
phase 1
after three years
of data taking

much better Am2,,
small improvement on 6,,

() Solar neutrino Detection

7Be Neutrino

phase 2
studies of Be and pp
heutrinos

supernova-burst v, relic supernova v,

atmospheric v, Proton Decays, = - -
A.Zalewska, Ustron, 20.0'



SuperKamiokande - solar neutrinos flux
modulation in time

X &ms

Flux in 10%

B

1996 | 1997 | 1998 | 1999 | 2000 | 2001
0 ="0"""0 500 750 1000 1250 1500 1750 _ 2000
Days since Analysis Start
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Atmospheric neutrinos primer

primary cosmic rays * Travel Iength

atmosphere

production height
10~30km 4

PV ]
/ : Travel length
j - D, He ... f up to 13000km
W a : : "‘. e A2

; ; 3 For E, > a few GeV,

vy v (Up-going / down-going) ~ 1
¢(vu+Vv.) | ~2(for E,<1GeV)  Uncertainty of up/down ratio
(VPN S0P E >1GeV) < a few %.::




Super Kamlokande 1 "from Hayato at EPS2003 |
s AT k1 the detector rebuilt successfully

and
resumed data taking in Dec. 2002.

W ““_.‘:

~~~~~~~

SK-Il Cosmic ray muon sample

1-!.5_

| 20inch PMT with

Acr lic + FRP vessel
Inner detector yie- -

$» ~5200 20inch P|\/|TS with covers

Outer detagiqh JB88oGnsdisPMTs
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SuperKamiokande - oscillations v, <> v,

A N 3
- S | e/ i”"f"

5 'l‘ | ‘h|.F:'FFrI:I-|-.="""||I_| .Illiilllrl_-l-hlll:'p.l1|
= iz " =

41.4m

Upward through-going LL

[40m

d stopping |1

Measurement of energy and
direction of muons and
electrons from CC neutrino

interactions
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SuperK - e and p.

* EHEFF Kamiakande A
8071
EVENMT 4875&%
DATE QB-E'GV- [
TIME 15:17: &
TOT PR: 5647 ..
M&X PE: 39.2
NMHEHIT : 211?
ANT-PR: 31.5
AT -M - 23.3

o SUEer I{ﬂmiﬂkundi:*

RIIMN 9955
SUERUN 443
EVENT 72736724

.1z 13-!].E
Ve u‘334:-ﬂ.55

Commnt ;

poI11
4
D3803
Z 3
B
D%c-e- {::I{_2 é o/
EKGPQ: 13143 094
131473205
EM: 2150D8B:
BSGPS: 94iB69p2
83767476
GPSOIF: 0.41 et ;
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RUNMODE : HORMAL
TRG ID :00000111
T Aiff_:0_ 48TE+0Q5U

Dec-a: 1{ 0/ 1
RN: 55945P:

GPSDIF: 0.414
NHITAL =
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SuperK 1 - new analysis of the whole data

Up/Down double ratio R=(Nobs,/Nobs,)/(Nexp /Nexp),
and zenith angle distributions

for different event categories and energy subsamples

preliminary results presented at EPSO3 in Aachen

A.Zalewska, Ustron, 20.09.2003 -



Summary of the atmospheric v events
1.contained events

(complete SK-I dataset)

Sub GeV ~ Sub GeV Multi GeV Multi-GeV 1ring p-like
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cosO cosf cosO cos0O
Sub GeV . Multi GeV
Sub GeV Multi ring (y  MUltl GeV+PC Multi ring ()
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(ILI / e)data :g : L (ILI / e)data 100 7 ans .
35 E,'.: ----- ..."! . 80 [ :--' "'-...
(1] € 217 %p% moe g S Jr%ﬁ“i’é
25 | 0.032 [
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Summary of the atmospheric v events
2.Up-going p events

Up through going n
Measured flux

1.70+0.02+0.04x10 *cm s *sr™

(stat.) (syst.)
Theoretical calc. (Honda)

1.57+0.35x10 “cm™@ssr™

(theo.)

Up stopping u
Measured flux

0.41+0.02+0.02x10 *cm™s'sr™

(stat.) (syst.)
Theoretical calc. (Honda)

0.61+0.14x10 " cm™2s*sr™

(theo.)
A.Zalewska, Ustron, 20.09.2003

(complete SK-I dataset)
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Atmospheric v zenith angle distribution
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Comparison between old and new results from atmospheric v data

2 90% C.L. allowed regions
/‘\1 0 ! ! ! | ! ! ! | ! ! ! ! ! ! | ! ! !

: > .
e Neutrino flux 2 | — New analysis
(Honda 1995 =Honda 2001) £ | — Old analysis

e Neutrino interaction models

(several improvements,
agree with K2K near data)

. . *
* Improved detector simulation | |
* Improved event
reconstruction tools .
3 XX mm=4|-.6|:or|90°/? CiL.I o o
_ _ 100708 0.9 1 1112
Each change slightly shifted sin"26

the allowed region to lower Am?
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K2K - first LongBaseline accelerator experiment

<E, >~1. 3GeV
almost pure v L (~98%)

A.Zalewska, Ustron, 20.09.2003



K2K - measurement principle

SCIFI/Water
target
Lead
Gl )
| e Gl = \ ZEETEiiiiic
Near detector at KE K it g =g
_ KZK I | — = I : H
Upgr'ade |n 2003 MNeutrin
To Super-Kamiokands v ﬂux md i»
for K2K II st T e ]
- ; directipn
IE @@@@ ?@ = E '
.................. - e 1

Measurement of the muon momenta and directions in the near detector at KEK
-> neutrino flux and energy spectrum in the near detector

-> extrapolation of the flux and energy spectrum to the far detector, assuming
no oscillations

Measurement of the neutrino flux and energy spectrum in the far detector

-> conclusions concerning the oscillations based on the flux reduction and

modnflca‘rlon o[’ the energy spectrum
Zalewska, Ustron, 2009 3



K2K I - measurement results

Evenis

Normalized by area

1

(1]

D5 1 15 2 25 3 35 4 45 6
Evr-:

¢ Flux desappearance:
56 events observed
80.1+6.2-5.4 expected

¢ Modification of the energy
spectrum

¢ Oscillation parameters
compatible with the SuperK
results for atmospheric
oscillations

AmM?=1.5~3.9 x 103 eV?2 @sin220=1(90%CL)

A.Zalewska, Ustron, 20.09.2003
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Long BaselLine accelerator projects

In realisation:

o NuMi - neutrino beam  USANoM
from FNAL to the MINOS

detector in the Soudan

mine, start in 2005, Europe: NGS
near and far detector, (732 km)

v, disappearance

¢ CNGS - neutrino beam
from CERN to CNGS, far
detectors OPERA and
ICARUS, start in 2006,
v, appearance

A.Zalewska, Ustron, 20.09.2003 37



Long BaselLine accelerator projects

a
b
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: KEEK — SK
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MINOS experiment

CC Events/kt/year/GeV
E 8 B8 &5 8 &

Vi
2 & 2

—_—
-

5 10 15 20
E, (GeV)

NuMi beams

A.Zalewska, Ustron, 20.09.2003

HE Beam

25

4kt tota
- 484 planes in two ~14.5m long

“super modules”, each plane
8m octagon

- 2.54cm Fe, 1cm Scintillator
- ~15T Magnetic field 3



MINOS experiment

5 years of data taking - 25 x 1020 p.o.t in fotal

15 g"‘m‘ i -
g - 25x10™ p.o.t E - 26x10% p.o.t ;*" impr‘oved Am223
g8 [ : i ;

PO R T T T T R
nwT na na 1

3 o Discovery Potential

e Eil"lz 2 'ﬂij I

\i

o2

improved 0,

A.Zalewska, Ustron, 20.09.2003 L
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CNGS programme

High energy neutrino beam, optimized for v_ appearance
Two experiments: OPERA and ICARUS - small signal with no background

Target spectrometer
A+ Tra Hap

Pb/Em.
target

i::,l
v

i. i.i '\-....../Ii,i

il I. :,--—-'"

A “hybrid”

8 m

| I I8

Exitract selected
brick

Ph/Em. brick experiment

Az

Electronic detectors
— select v interaction brick
— p ID, charge and p

Pb Emulsion 1mm

— vertex search
— decay search

Emulsion scanning

— ¢/yID, kinematics




LNSD effect

above background
interpreted as anty-v,
appearance due to
oscillations

L
i

® Bpam Excess

55 pie,~v 000

Beam Events
> 8

PV &

4 ReEUMAAN VY UARAY N UVA Uaag

PEAVER VIR A VvV EY]

20 25 30 35 40 45 50 55 60
E, MeV



Shielding blocks (zaleaged
relics of the ool war)

o K
-‘!I‘:“=r F'Il'g l:n-nrt shEng:l

U proton beam with momentun 800 MeV, data from 1993-
1998, mostly pions at rest

U Efect not confirmed by the KARMEN experiment
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let us be more professional-three neutrino mixing

rFeecerr ‘h

Uningp - Neutrino Mixing Matrix

Chooz + Super- K OvBp decay
tan2?9,, < 0.03 at 90% CL

2
small, perhaps 0 maximal

Dirac phases
IJF'—‘—'JL‘LH—‘_"‘&I

sinf,, 0" cosf, P sinf,, 1 0 0
—sinf), cosf,, 0x 0 1 0 x|0 cosf, wmnb, Ix|0 e°°

0 0 1) \-e®"sinf; 0 cosb, | \0 -sinf, cosB,/ (0

solar v reactor experiments + SK atmospheric v Ovpp experiments
present present present present

Low E solar v + SNO reactor and accelerator v accelerator v Ovpp experiments




Subdominant oscillation v, —v,,
measurement of 0,5

The most important measurement at present:
e.g. CP violation measurement possible, if 6,5 not too small

Present limit for 6,; comes from CHOOZ sin,26<0.12

Improved measurements require very massive detectors, intensive
heutrino source and reduced background:
NuMi of f-axis experiment
JHF (now J-PARC) superbeam - SuperKamiokande
dedicated LBL reactor experiment with two detectors and
optimised baseline
eventually LBL experiment at the neutrino factory

Very difficult measurement because depends on other oscillation
parameters (->correlations) - dependence is quadratic for some
parameters and trigonometric for others (->degeneracies) --> both
heutriddcard avtinedt2ito beams are needed »



NuMi Off-Axis principle

Two body decay kinematics

Medium energy setting

©
@)
o}

©
@)
=~

©
O
N

p,(transverse) (GeV)

At this angle, 15 mrad,
energy of produced
heutrinos is 1.5-2 GeV
for all pion energies =
very intense, narrow
band beam

O

—0.02}

—0.04]

_0’067\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘

‘On axis’ E,=0.43E,

p_=y(p cosd + BE")

0] ] 2 3 4 ) 6 7
A Zalewska, Ustron, 20.0920Mngitudinal) (GeV)

P, =p siné
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Two phase program

Phase I ( running 2007 - 2014)
50 kton (fiducial) detector with e~40%
4x102° protons per year
1.5 years neutrino (6000 n, CC, 70-80% ‘oscillated’)
5 years antineutrino (7000 n,, CC, 70-80% 'oscillated’)

Phase IT ( running 2014-2020)

200 kton (fiducial) detector with e~40% or 100 kton Liquid
Argon

20x102% protons per year
1.5 years neutrino (120000 n,, CC, 70-80% 'oscillated’)
5 years antineutrino (130000 n,, CC, 70-80% 'oscillated’)
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LBL accelerator projects -further future

Superbeams

High intensity
conventional beams

MNeutrino Factories

New type
of accelerator
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Next generation LBL experiments in Japan

“J-PARC - Kamioka neutrino project” First SUper'bZClm

. B Baseline ~295km
¢4 j Conventional v, beam

Beam Energy ~1GeV

=
{}Elﬂ[l,E'gl'Il T, - 420.0 mi /E75.8 km aras _
Beam power Far detector Physics
' —>
Super disappearance v, = Vy
1st phase| 0.75MW _ appearance Vv, >V,
Kamiokande(50kt)
NC measurements
Hyper CP violation
2nd phase. . 54\
o T oo 0 Kamiokande(1 M) |Proton decay




CERN concept of the neutrino factory

A poanible ST
% layout of u e
neutrino factory e M
Tk




Sensitivity on the 6,; measurement

Sensitivity to sin” 23
~2005 | ] JHFSSK
JHF-5K
Mubdl
] Reactor-11
~ 20110
l [ IHF_HK
i
[] NuFact—I1
104 10-3 104 1p-d 102 10-"! 10"
in® 28,
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o Mull and JHF-5K hawe
a similar performance

o |HF-5K and MulJl
statistics limited

e |HF-HK
syalEmatics limited

e MuFact far away from
systematic limit

e correlations and
degeneracies reguire
a Clkever setup
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Complementary experiment: Reactors

‘Long Baseline (~1 km from source)

\

]1—

—+Disappearance v,—v,
-Use nhear detector to measure

reactor flux, spectrum and
detector efficiency to
cancel "all systematics”

‘Look for small deviation from 1/r2

with plenty of reactor signal

Survival Probability

P(7a—>Ve), 4 MeV
1/r€

b ey = B o o e

1000

Distance (m)

Am:, L -Very clean 6,; measurement (no
~ aien 2 ) 3] 2 13

Fee =(sIn” 26,ys1n [ ]J“O(a ) ambiguities, no matter effects)

Detector 1 Detecior 2
V.
Reactor .
"'I-l_-___.__u-l"
>
>

~100m

A.Zalewska, Ustron, 20.09.2003

~1000m
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Neutrino mass hierarchies

Bounded by CHOOZ

From Max. Atm. mixing,
V3Z (Vp + V) A2

{From Vu{Upj oscillate

z
2 AMG ——
(mass) atm but Vp(Down) don't

J\ {In LMA-MSW, R(Ve — Ve)

‘ ‘ Va fraction of 3
From distortion of Ve(solar)
}"ﬂ"mé and Vg(reactor) spectra
‘ ‘ {Frr::m Max. Atm. mixing, ¥1 & V2

include (Vp — V) N2

Two important questions:
How far from zero the whole picture is?
Normal hierarchy (above) or inverted hierarchy (w.r.t. Am?

A.Zalewska, Ustron, 20.09.2003

atm)
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Mass determination

Direct measurements based on end-point in the beta

decays

the best measured m,, <2.2 eV - from the end-point of the fritium
beta decay by the Mainz and Tritsk experiments

future: KATRIN experiment with a sensitivity of 0.2 eV

Cosmological limits

resent cosmic microwave background measurements by the Wilkinson
Microwave Anisotropy Probe (WMAP) together with earlier infrared
servey experiment (2dF) give an upper limit of 0.71 eV for a sum of
neutrino masses, hence 0.23 eV for a single neutrino.

Based on the lifetime measurements for the neutrinoless
double beta decays

several experiments running or being prepared with an ultimate goal

of achieving an accuracy of 0.01 eV
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Mass determination from the 3T endpoint

Ch.Kraus@EPS2003 n.o5 k i o Mainz 84 data
I , ® Mainz 98,99 data {15 weeks
fjlj — fit far m,*=0

@ final analysis 6 data sets (119 days of data taking) 4tk b a0 Mainz 2001 data (5.5 weeks

& no indication for disturbancies, especially no Troitsk anomaly [ e
v]

® 2001 low and stable background due to carful preparation

e standard analysis of data 98/99/01:
moc® = —1.2 4224, + 2.1, eV’
=m,c?<22eV (95% C.L., unif. appr.)

1k

[ L L L | 1 L L | L L L 1 L
1%.55 18.56 18.57 18.58
retarding enerqy [kevl

«— fitrangg —
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KATRIN -next generation experiment
start of data taking in 2007, big collaboration including Mainz and Troitsk

experimental observable in 3-decay Is m2
aim : improve m, by one order of magnitude (2eV — 0.2¢eV)
requires : improve m\zby two orders of magnitude (4 eV? — 0.04eV? )

problem : count rate close to B-end point drops very fast (~0E?)
last 10 eV : 2 x 1010 /last 1 eV : 2 x 1013 of total B-activity

. Improve statistics :
* stronger tritium source (factor 80) (& larger analysing plane, @=10m)
- longer measuring period (~100 days — ~1000 days)

- Improve energy resolution :
- large electrostatic spectrometer with AE=1 eV (factor 4 improvement)

- reduce systematic errors

- better control of systematics, energy losses (reduce to less than 1/10)
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Neutrino mass hierarchies

bl

L

Mormal Hierarchy
Am* =56 x 107° eV
Am, = 2.5 %107 eV?

{Beacom & Bell PRD 113009)

- I.I.III.I..I

=
-

Present

Lood IIJIJ.I.

Mass of Lightest state (m,), eV

oot Lab Limit
} HE'I."'." 22 'EV
T m, KATRIN
0.001 _|//"" LI B B B T T TTrT T T 17T T T
Ny 0L 0.1 1
H. Robertson Mass of Eigenstate, e\

Effective neutrino mass in tritium beta decay as a function of the lightest
heutrino mass
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Double beta decay primer

For some even-even nuclei the decay chain (AZ+1)
(A, Z)— (A Z+1)+e +7, (A.Z)
— (A, Z+2)+e +7,
is forbidden by energy conservation

(A,Z+2)
and onhe could have
(A,Z) — (A, Z +2) + 2~ + 27 .
(A, Z) - (A, Z +2) + 2e” B
. . Eoos | 2vpp Ovpp
d W Eﬂﬂld;—
w—i? 0012
<;___._ e oo
v 0008 -
000
¥ ¢ 0004
w5 s £
d { u [;:"H||||||uuul....l....l....|,, i
d d 290 500 750 1000 1250 1500 1750 2000

energy [keV] 59




Double beta decay

hep-ex/0210007
T9] = G MO 2 (m, )2

IM%|? The nuclear matrix element
(m,)? effective neutrino mass (m,) = ¢miUZ,

Isotope Ty7, (¥) Ty)5 (¥) (M) (eV) (m}) (eV)
48Ca (4.2 £ 1.2) x 10'9[16] > 9.5 x 1021 (76%)[17] < 8.3 < 16 — 30
%Ge (1.340.1) x 10?'[37,18] > 1.9 x 1023[37] < 0.35 <03-1

> 1.6 x 10% [19,38] <0.33-1.35
828 (9.2 + 1.0) x 10'9[20,21] > 2.7 x 10%2(68%) [20] <5 < 4.6 —14.4
967y (1.4133) x 10'9]22,23]
100Mo (8.0 £ 0.6) x 10'%[24,25,26] > 5.5 x 10%2[27] < 2.1 <23-84
116Cd (3.2+£0.3) x 10'9[28,29.30] > 7 x 10%2[29] < 2.6 <2.6—-8.2
128,130 g Geoch. ratio[31] <11-15
128 (7.2 4 0.3) x 10%4[31,32] > 7.7 x 102 [31] <11-15
130e (2.7 4£0.1) x 10%[31] > 2.08 x 10% <0.9-20 < 0.85—5.3
136 Xe > 8.1 x 10%0[33] > 4.4 x 1022 [34] <1.8-52 <2-52
150Nd 7.0155% x 10'825,35] > 1.2 x 1021[25] <3 <4.6-6.5

23875(3) (2.0 £0.6) x 10*1[36]
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Double beta decay

hep-ex/0210007

10571 = GO M2 (m, )2

Theoretically evaluated 83(0v) half-lives (units
of 10?2 years for (m,} = 10 meV).

Isotope [10] [11] [12] [13] [14] [19]

“Ca 3.18 8.83 - - - 2.5
6Ge 1.7 177 140 233 32 36
825 0.58 24 5.6 0.6 0.8 1.5
1000 o - - 1.0 128 03 39

115Cq - - - 0.48 0.78 4.7
130T 015 58 07 05 09 085
136y e - 121 33 22 53 138
150N - - - 0025 005 -
160Gqd - - - 0.85 - -

A.Zalewska, Ustron, 20.09.2003

Expected 5 y sensitivities of future projects.
NME are from ref. [13] except when noted.

Experiment Isotope 104, {mu}
(10% y)  (meV)
CUORE[47] 130T, 7 27
CUORICINO[47] 'Te 0.15 184
EXQ[48] 136 e 8 52
GENIUS[49] "Ge 100 15
MAJORANA[S0] "™Ge 40 25
GEM[51] (e 70 18
MOON|[52| 100Mp 10 36
XMASS[53] 1363 s 3 86
COBRA[54] 130T 0.01 240
DCBA[55] 150Nd 0.15 190
NEMO 3[56] Mo 0.4 560
CAMEOQ|57] H60q > 1 69
CANDLES|58] ¥Ca 1 158[15]
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NEMO3 experiment as an example
o Simmard@EPS2003

7.2 kg 1°Mg |
1kg®Se | & BPOv
0.4 kg 11°Cd ’
0.6 kg 130Te PB2v
1 kg natTe backgrou
0.6 k% Cu d
48 g ONd
20 g %Zr BP2v
7 0 48Ca (BPOV)




Extremely High Energy neutrinos

Do they exists?
Where do they come from?

10°°

Boosted by the observation of EHE L
cosmic rays in the AGASA experiment

It is a part of the experimental
program realized with big volume
detectors (up to 1 km3)
based on a detection of Cherenkov
radiation in ice

Amanda, Icecube
or deeply in a sea or lake water 1023

Antares, Nestor, (pioneered by
Baikal)

24

JE) E® [m ?sec™
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AMANDA/ICECUBE - Antarctic experiments

South Pole
Dark sector - 80 Strings
/ Skiway - 4800 PMTs
_ AMANDA - ety
. 2004 - 2010
Dome
. - - el &F'""."‘ : ST

< IceCube
Planned Location 1 km east

-



Neutrino Telescope in the Ice

AMANDA-B10

1 1150m -

———

T . _r“_-j _.-_-::_,,'r ) Optical 1 997 :
‘ -7 ¥ | Module
p Z

| 1500m gjﬁ% 7 AMANDA-BI10
: A . o .
i H 1 maincable e 302 OMs on 10 Strings
J \ 1 S pmss.ure
o : - “— housing
e i\‘,\ g LH_PM ! silicon gel
‘wﬂ" - :é b light diffuser ball
w4l . 2000:

AMANDA-II

—— 2330 m

AMANDA as of 2000 zoomed in on 677 OMS on 19 StI'iflgS

Eiffel Tower as comparison AMANDA-A (top) Zoomed in on one
(true scaling) AMANDA-B10 (bottom) optical module (ON)



First results from AMANDA

Atmospheric neutrino

SPZCTr'le . 1555 avenrs

.IE 0 r‘
L. s FREJUS
o Y AMANDA Il | e sl Al
E 10_?‘? 2d h kel 'm,;._-,ww,_ 0Oh
"ﬂf; 1:1_‘:— i

u_ PRELIMINARY

Search for extraterestial

E o m_s o s sk bl point sources

E, in GeV

ICRC 2003: Geenen for AMANDA



Special role of tau neutrinos

Simulation of the PeV v,
interaction in the ICECURE

detector
Shower due fo v_ interaction and

shower due to t decay separated by
500 meters!

1/3 of UHE neutrinos are v_neutrino
(because of oscillations)

not absorbed in the Earth
(regeneration)

Also note: ICECUBE (and other exps
will be v. good laboratories for
studies of h.e. atmospheric neutrino:s

A.Zalewska, Ustron, 20.09.2003
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Deep water neutrino telescopes

Close to Toulon, at a death of 2400 m., successful first tests,
problems with bioluminescence

ANTARES




Deep water neutrino telescopes

The NESTOR

Neutrino Telescope
Site

A.Zalewska, Ustron, 20.09.2003



Rate + Shape Analysis in 3 Generation Case

1.27 Am?, [eV2]L[m] )
E[MeV]

P(V. — V.) = sin*0,; + cos? 813|EI -sin®20,, sin3<

2

Sensitivity for 0, ami: 6.9x10° eV Sensitivity for 3—generation

95%C.L. 10 F il e
— K
o~ -4
68%C.L. 210
Tl :
~ N
™ — F
£ -
10 3-gen, sin“28,.=0.1
CHQOZ excluded - [T 2-gen_u_
- LVA 0.97
0.1 B \ \ . "W Palo Verde excluded
ol N N 6 L‘I__t?hunjzexclludeq o |

0 0.10.20.30.40.50.60.70.80.9 1 10 ;=2 04, 06 08
sin“26,, sin 2912



2003 SNO results from phase 2

-- higher efficiency for the neutron capture on Cl

-- greater isotropy of the Cherenkov light for NC events as compared to CC

and ES samples -> better separation of event types

-- NC flux determined with almost twice smaller errors, CC and ES fluxes
with errors comparable to phase 1 errors
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