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Overview

= Current status
= see S. King's talk
= global fits

s EXperiments coming soon
= MINOS
=« OPERA
» IKARUS

= Experiments coming not so soon
x 12K
= NOVA
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Results of Global Fits

¢ 30 range: 3-flavour analysis

1.

EG-_l'lTl'l'l'l] | IRRLL TTTT

. Am2, =1.1-34 x1073 V2
: sin®f5 =0.32-0.7

4 Am2, =54 -94 x10-° eV?

I sin?6;5 = 0.23 -0.39

IE
e

0ot g
{Am,, Am_ }[eV']

AmZ Y [eV7]

{Am,,,
=
i

?l:'-z ETTT

—
=3

—
=1
. [
T T ™ T TTTT

'_ l'. I'l / i
LA

D,

. ©

; e3¢ range: 2-flavour analysis
C Am2, =1.1-3.4 x107° eV?
{ sin”fp3 = 0.32 -0.68

" Am2,=54-9.4 x1075 eV2

o] o
{sin'®,,, sin'6,}

0 02 05 075 1

I”"I:ﬁl:l Sin2 912 = 023 -039



Jan 2005

The MINOS Experiment

MINOS

Long-baseline experiment at Fermilab

Near Detector at NuMI
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v, CC Energy Analysis
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= Energy resolution: so [
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= Compare energy spectrum .- 1 AT
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MINOS Sensitivity

MINOS v -v, sensitivity
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CNGS Beam

Baseline: 730 km\
<E>=17 GeV
optimised for t

appearance

J

/- CERN SPS N
= E, =400 GeV

= 4.8%10"3 ppp — OPERA

* Experiments

m cycle 6-27.6 sec
s 7.6"1071° pot/yea)

— ICARUS
-




The OPERA Detector

Total target ~ 1.8 kton
= 206336 bricks

spectrometer

31 Walls
(each containing
3328 bricks)

1 brick 1s made of

37 nuclear emulsions and

31 walls (brick walls+TT)
+ 1 spectrometer Lt
i it it s
N ..,.ggg§§f::;::::i‘,.,;.,,:!.';nz:
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OPERA v_ Candidates

L=1300micron L=1300micron
AT T sl
) L

—> <:':::--\\- :; <:::~\\

neutrino beam \\s neutrino beam \\i
I \ Pb plat W \ Pb plate
emulsion film e emulsion film B
“ Long decays” “ Short decays ”
reconstruct kink topology detect large impact parameter track

Loose cut to reject low momentum tracks
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OPERA: Am?2

90 % CL limits * Am2 (102 eV2) (mixing constrained by SuperK)
1.5 32 |5.0 IS S
L
Upper limit 2.1 | 3.8 5.6 5 , OPERA
Lower limit 0.8 | 2.6 | 4.3 19°T90 9% CL in 5 years )
(U-L)/(2*True) | 41 %| 19 % | 12 % - -
N / year 0.82] 2.82 | 3.66

* assuming the observation of a
number of events corresponding to
those expected for the given Am?

Probability to observe SuperK signal

years Pss Pas
3 93% 83%
5 96% 91%
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ICARUS

"

Liquid Argon TPC

Physics Program

= Nucleon Decay

= Atmospheric Neutrinos
= Solar Neutrinos

= Beam Neutrinos

Electronic bubble
chamber

~
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The Status so far

= Solar Neutrinos Ve >V, 0rv,
= good measurement
6, ~30°
A’ = 7x107eV?
s Atmospheric Neutrinos VvV, 2V,
» initial measurement
0,, ~ 45

AmZ, =~ 2x107eV?
s Precision measurement to follow soon
MINOS

= \What is missing?

14
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i The Missing Pieces

( Ve ) Ci2Cis Ci35), Si3 Vi )
18} 19)
V,u =| 7Cx35,€ —C,5,55,; C12C3€  —5,,5,35,; Ci355 || Va
o %)
\Vr ) 523512e o 012C23313 _C12523e o C23512513 013023/ \V3 )

= One mixing angle largely unknown: 6,
« Small, only limits exist
= Results in sub-dominant v, — V, oscillations

= CP violating phase
= Possible large CP violation in lepton sector
= May give hints towards GUT

« Why are we here?
matter vs. anti-matter asymmetry

15
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Sub-Dominant Oscillations
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E (GeV)

Why Off-Axis?
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=z Next generation LBL experiments in Japan

-k

 Baseline ~295 km

X +Energy ~ 1GeV
Mﬁ% » Sensitive to
b AT Y
ﬁ* -0, andd
}Elﬂ[l,E'gl'II g - 0.0 mi A ETEE R o s
Beam power Far detector Physics
Super disappearance v, = Vy
1st phase| 0.75MW . appearance Vv, >V,
Kamiokande(50kt)
NC measurements
2nd phase  ~AMW Hyper CP violation
Kamiokande(1\Vt) [Proton decay
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| Sensitivities in first phase(dyrs)
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Vermilion Bay, Ontario,CN +
980 km, 18 km up — ]

Fort Frances, Ontario,CN
875 km, 9 km up

Ash River, MN
825 km, 5 kmu

B

Buyck, MN
775Im, 2 km up

LTV site, MN
715 km, 1 km down

MINOS Location
735 km

NOVA: Potential Sites
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NOVA (TASD)

= [otally Active Scintillator Detector

25 kilo-ton total mass
4 kilo-ton passive
21 kilo-ton active (85%o)

Liquid scintillator contained in
1.28m X 4.9 cm X 17.5 m PVC extrustons
32 cells per extrusion [7.5m
24 extrusions per plane

1845 planes (alternating x/y readout)
= 25,830 extrusions

= 826,560 channels

Looped WLS fiber to APD readout “«— |75m —>

No absorber

21
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NOvVA (TASD) Performance
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(eV?)
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Comparison

B Systematic
Correlation

Degeneracy

MINOS&
ICARUSE
OPERA

D-CHOOZ

T2K

NOvVA

CHOOZ & Solar
excluded (90% CL)

0.003

0.01

0.02 0.05
sin? 28,3 semsitivity limit

0.1 0.2 0.4

890€0¥0/4yd-doy e 10 1oqny "d
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Mass Hierarchy (sign of Am?,,)

JHF (L=295 km) neutrino vs. NuMI (L=915 km) neutrino

m best, if E/L is

= Combine bbbl B
s [2K 42‘ é

» NOVA S

= Use right 3 E
baseline to 2 :
determine sign s 2
of AmZ2,, 3 ®
2

a

Lea)

25

the same!
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Fraction of &

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

3 o Determination of CP Violation

C L =810 km, 12 km off / T2K + PD +HK NOvA
" Am,y?= 2.6 107 av? et
- Each v and ¥
- = 120x10™ pot
[ L2 T2K alone
LI NOvA + T2K
C Blua: Am” > 0 B
- Red: Am"< 0 7
E : .l'-i:-
L 2 &
- < &
R - [
- &
- r. .l :l-
= F ‘l
C g e
F &
: i i ‘I.l PO I
4 -
10 o

Fraction of &

0.9

0.8

0.7

0.6

0.3

0.4

0.3

0.2

0.1

26

CP violation & Mass Hierarchy

2 7 Reeolution of the Mass Hierarchy
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Summary

= In LBL Experiments
= Neutrino Oscillation well established

= Next generation of detectors
= precision measurements of some parameters

= New generation of experiments

= might reveal unknown neutrino parameters
=« Masses & hierarchy
= Angles
= CP phase
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KamLAND

42N

~1 km high
Mt Ikenoyama

West Asia

I.'lSc:mh Karea

L]
I errefome! Nuchsr Selety T s AN By 35

130°E 152"E 134°E 136"E 138'E 140°E H2'E 144'E 4E'

28
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ﬂ Measured Energy Spectrum

Events / 0425 MeV

E“}IIII

no-gscillaton
—— best-fit oscillation
I accidentals

I spallation
—a— EamlLAMND data

20

Best fit to
oscillations:

Am?=8.3-10"° eV?

sin?26=0.83

Straightforward
v on the histo
is 19.6/11

Using equal
probability bins
1*/dof=18.3/18

(goodness
of Fit is 42%)

29
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i “Solar” Neutrino Results

LMA2 excluded
L~ at 99.6% CL

T T

10" Am2=8.3-10-5 eV?

sin26=0.83

hhhhhhhh
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I | ||ll||| | | T e R L
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H Kaml AND
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H ==t OE9E UL 90% C.L.
——9n 7% O L B 50573% CL.
i * Solar hest i L amLAND best: fit
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Super-Kamiokande

SK-1 1996 - 2001

» 22.5 kton fiducial mass (2m from wall)
* 11146 50-cm photomultiplier tubes

* 40% photocathode coverage

* 1885 20-cm pmts in outer detector

SK-2 January 2003 - October 2005
* 5182 PMTs, mostly recovered from acu:ldent
* ~19% coverage
with acrylic shields — |
* outer detector
fully restored
» K2K beam resumed

SK-3 March 2006 +

* original coverage
to be restored

* T2K off-axis beam from J-PARC
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Zenith Angle Distribution
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_ P < 400 MaV/c [ P < 400 MaV/c [ Sub-GeV u-like
200FF, ., | 200F a0
-

[T
%
+1 1

100 100 20 - Upward stopping p
n - " + + 100 £
D :I L1l I L1 1.1 I L 11 I L1111 ﬂ_ :I L1l I L1 1.1 I L 11 I L1 1.1 D_ -I L1l I L 11 I L1111 I i1l 1 ?5 f_
-1 08 0 05 1 -1 05 0 05 1 -1 05 0 0.5 1 &0 .
o 200 - Sub-GaV e-like 400 C Sub-GeV p-like - milti-ring 0
E - P = 400 MaV/ic 300 f_ P > 400 MaVic 100 £ Multi-GeV p-like E 25F
I.IJEE"D__ E—- : I=:=|:I Lu D:IIIIIIIIIIIIIIIIIII
5 % 200 b L = 5 -1 -0.8-06-04-02 0
S 100F +_+_ 50 - g cosh
E C 100 3 E 400
=2 B - J. = - Upward through-going p
- D_||||||||||||||||||| ﬂ_'||||||||||||||||||| D_-||||||||||||||||||| zﬂﬂ}:—
-1 085 0 05 1 -1 05 0 05 1 -1 05 0 0.5 1 -
150 F  Multi-GeV e-like 150 F  Multi-GeV p-like 200 PC 200
: [ 150 | :
100 -+ 100 [ ; 100k
: 1m_=== :IIIIIIIIIIIIIIIIIII

||:}-‘I 0.8 -06-04-02 0
cosH

20 50

'_b_

-1 05 0 05 1 0-1 05 0 05 1 I:}-‘I 05 0 05 1

DIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII

cosH Cosd Cosd



Jan 2005

SuperKamiokande Results

107 T ———
| 1.5x103 eV2 < Am2 < 3.4 x 10-3 eV/2
sin220 > 0.92 at 90% CL
Best Fit:
sin220 = 1.02 i 3,5“
q Am2=2.1 x 103 eV2 E——99%
= X2 = 174.9/177 dof ~ 95%
= x2 = 465/179 dof for no osc ;/ 90%
€ / 68%
<
E
‘xah
107 , ,

L | L L | L L | L
07 075 08 085 09 0095 1
sin®20
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K2K Experiment

~101 v, /2.2sec ~10%v,/2.2sec
12GeV protons (/10“1)(10[11) V“ (/401]71)(401]])

—Es rad e -.=-.==- ::::::::::::::'.E
- },L-l_ - 3 SE N ENsaENEEaay l"[
<€

Target+Horn >
. decay pipe -
T monitor

. Near v detectors
1 monitor (ND)

(monitor the beam center)

Signal of v oscillation at K2K
e Reduction of v, events
e Distortion of v, energy spectrum
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K2K Results

y K2K-1 & K2K-II Ng°Ps=108
ol e :
= ool I N¢, 2XP (best fit)=104.8
PIEI : C___j_ —_—i}} E-' | Entries 56
ﬂm'i— % 14:— BeSt F|t
: o |1 KS prob.=52%
10'3:— 8-
o5
' 09%; b
R a e S 1 T R

25 4 4.5 5

sin22e 0 05 1 1

Based on AINL Evec[GeV]
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