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*Number of ‘ v’
—-DONUTS, NOMAD, CHORUS results
—Mini-BooNE status
*Results and status of on-going oscillation experiments
—SK-I latest Am? in atmospheric neutrinos observation
—Status of K2K-11
—n¥ and upper limit of e appearance in K2K-I
*Expected resultsin the near future
-NUMI/MINOS
—CNGS/OPERA,ICARUS
Summary
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M aki-Nakagawa-Sakata Matrix and
Oscillation probability
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Aim of accelerator neutrino oscillation
experiments

Number of ‘v’ : Establish or refutethe L SND effect
2. Confirm that atmospheric v resultsare dueto v oscillation
« Osclllatory behavior of v,'s
« Explicit detection of v inv —v,
3. Measureoscillation parameters
4. Any unexpected
Ultimately
 Make precise measurement of oscillation parameters
* Measurement of v —v, subdominant oscillation mode
 Search for CP violation in lepton sector
e Jahlskog factor : sin20,,51n20,,9n20,;SNd
e N-Nintheuniverse
 Determine mass hierarchy
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DONUT Status

FNAL E872 Beam dump beam

Status :
406 neutrinointeraction analyzed.
7 v, CCevent detected
On-going
Component analysis of the prompt

neutrino beam I nter action

Point

VeV, 1V

T

Decay
Point of
T

neutrino

Reject Low | Vertex detection :

momentum tracks .. .
Neutrino interaction and decay

Reject passing (114 tracksremained) of short lived particles

through tracks
Detection of ¥ ,“Cin DONUT

e S (420 tracks remained)
All tracksin the Scanning region
(4179 tracks)




Final Resultsfrom NOMAD
onv,—v,
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Status of the
Experiment

~ 60 scientists
13 institutions



MiniBooNE Goal: Investigate LSND

Taking atmospheric, solar,
reactor, and LSND results | [ - E
together ... either ... g
1 - _
- One or more of the experiments _1:
are not seeing oscillations o= TR
- MiniBooNE sensitivity ™~
r 21
- or there are >3 neutrinos 10 -Zzgo\j’/;g;itllo pot) o
(gives you 3 independent Am? scales) F = . & Atmospheric
r---- vV running VH Vy
- or CPT is not a good symmetry 0 E
(gives you different mass scales for v, v) i .
Barenboim, Borissov, Lykken, hep-ph/0212116 107 Solar MSW |
- or ??7? vV, Vx ﬁ
10'57‘”m_3 il
To check LSND want: 10 10 RS

- similar L/E

- different systematics - MiniBooNE!

- higher statistics




E: 500 MeV;
L =500 m
L/E same as LSND
~1000 signal events

Booster: start
with 8 GeV
protons

Decay region:

=, K=py MiniBooNE
beamline

Magnetic horn:

meson focusing ~ 800t mineral oil

10% p.c. coverage
with veto

~MiniBooNE
» detector

Absorber: stop
muons, undecayed
mesons



MiniBooNE ParticleI D
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| dentify electrons (and thus
candidate v, events) from
characteristic hit topology

of mineral oil Cherenkov light

Michel e
candidate

Beam u
candidate




Overall MiniBooNE Status
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- Humbar of Protens on Target
Todmle: 1,143 E20
Largest waak: 00671 E30
Lateat wank: 00413 E30

e
""" Mumber of Meulring Events
e Ta dile: 135818

Largest waak; [1ED

Latest wenk: 4364

-Steadily taking data

- Currently at ~10% of
1x1021 POT goal

- Have collected
>125,000 v events

- Detector performing well

- Still need mor e beam!

 Proton rate delivered by Booster has dramatically improved over time

» Further Booster upgrades in the works
to reach intended rate

» Detector works beautifully!

» Expect first physics results in the Fall
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Events
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n® Background

n® background to v — v, search

n¥ — yy can mimic an electron
e escaping y
» asymmetric decays
* ring overlap

1 /NDF 144.57 1 142
# Prob 0.42
Exp 3114+ 280
-4 {1 Mass 13368 + 195
| W idth 22.58 + 213

° candidate mass (MeV/c °)

ﬁ ey
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non-beam background to ~103

¥ events are a useful
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New Analysis of Atmospheric Neutrinosin
Super-Kamiokande
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New analysis results of atmospheric neutrinos
In Super-Kamiokande

0 2 90% C.L. allowed regions
. N; T T T ST ]
*Neutrino flux (hep-ph/0203272) 2 | — New analysis
(Honda 1995(1D) Honda2001(3D)) & | — Old analysi \
*Neutrino interaction model ' N
(several improvements, agree better with " é\\((\
K2K near-detector data) - 1%
|mproved detector simulation *
1
lmproved event
reconstruction
3 xz-xzmin=4|.6for90% CiL'. o L
1007 708 09 1 11 1.2
sin®20

Each change contributes to the shift In
the allowed (Am?) region. 14



Allowed region in Super-Kamiokande

atmospheric v data

(complete SK -1 data-set)
Assuming v, — v, oscnlatlon

— 1 -""I""I""I""I""I""I""I""I """" E
S ? i
0 | : J1 90% CL allowed region
o | FC+PC+up-goingu . 50000 =
107 combined 3| 1.3x10°3 < Am? <3.0x10%V/2
[ 1489 days
10'2;_ Preliminary! —
: ] |
f — 68% C.L. 1| (5?20, An?)
02l — 90% C.L. @C_ =(1.0,2.0x 103 eV?)
: — 9% C.L. 1 | %2min= 170.8/170 d.0f.
0t ettt | Assuming null oscillation

0 01 02 03 04 05 06 07 08 09 1

sin20 2 =445.2/172d.0f. 5



Comparison of K2K-I result and
new result of atmospheric neutrinosin SK-I

= PRL 90(2003)041801
2 °
10 )
-3 : -
10 | K2K 90% CL
]| 1.5~3.9x103V/?
|| @ sin?26=1
4 Atm. 90% CL
10 e | 1220 > 0.9
0 0102030405060.70.80.9 1 '
g 1.3x103 < Am? <3.0x103eV? 16

sin“20




K2K New Resultson =¥ production
and v, —v,
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KEK to Kamioka Neutrino Oscillation Experiment

AmM? (K2K and Atm.v)

New K2K-| results
e 10 measurements
e eappearance

Status of K2K-I1
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0 in K2K 1kt water
Cherenkov Detector

Single ° sample
( 2 ring e-like sample in 25t fiducial)

®(Good NC sample

86% from NC interaction
( 54% from NC resonant prod.)
n0 efficiency 49%

@ Good measure of NC interaction
at low energy
®Main background for v, search

MC

===

il T

*M,, =0.81GeV
‘M ,=1.1GeV

for QE and 1x prod.
*Rein-Sehgal mode

*Fermi Gas

*Final state i absorption
photo-production data
7 scattering data

for 1w and coherent x prod.

NC 0 _ 2ring =¥ events

— &
CC o}

1ring p events
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0

Result of (%) in K2K 1kt detector

MnO = 85 — 215 MeV

55t fiducial ( r<2m, -2m<z<0m) |\ 25t fiducial ( r<2m, -2m<z<0m)
2 ring FC events, both e-like

1 ring FC events, pu-like

K2K Data set : 3.2E19 POT

Data MC(*)
70 2496 2582.3
1-RFCp 22612 22545.2
no/u 0.110+2% + 8% 0.115
(stat)  (sys)
pud
Detector systematics —/
Particle ID (*) normalized by number of total events
{Ring counting, etc.. in 25t fiducial

MC reproduces data in (rate, E_ 6_)quite well !




Application of 7% to SK atmospheric data
v, —v, and v, —v, hypothesis

consistent with

—t

Suggested Am? V,—V.
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- our | Purevp-vt

- measurement
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\
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o
x

/
,,eff")“/

(S P 0 :
= - 0 0
3. B v (¢D]
£ Al S (%) | (71)noosc
- L "7 | & | eData 1.41
Ze 1.2 b % ®Pure vu—vt 1.42
e \ ®Pure vu—-vs 1.19
1 — purev, v,
7/ pure v -v, ~—
08 g —— g’ Pure vu—vs
10~ 10° 107 10" -
Am* (eV”)




v, appearance search in K2K-|

« Fully Contained - Single Ring — e-like ( Ring pattern and opening angle)

 VisibleEnergy > 100MeV - Without decay electrons

10

Cherenkov pattern
o

10-10 -5 0 5

Cherenkov angle

10

40

20

0.8

0.4 |

SK atm.v
- n®sample
LImMmcC

| + DATA

Pjo

<
Single ring

multi-ring likelihood

20

| vuMC,

FC, eliketX
Evis>100 M eV

no decay

23



Reduction Summary

DATA SET
June’99 — July’01 (4.8 x 1019POT)

DATA v, MC beam V_MC
total exp. events 104 events 0.99 events
FCFV 56 80 (78%) 0.82 (83%)
Singlering 32 50 (48%) 0.48 (48%)
PID (e-like) 1 2.9 (2.7%) 0.42 (42%)
Evis>100M eV 1 2.6 (2.4%) 0.41 (41%)
w/o decay-e 1 2.0 (1.9%) 0.35 (35%)

|

NC:87% CC1m7% CCmm:4% CCOE:2%
electron candidate: 1 event observed

2.4 events expected.




Upper limit of v appearance from K2K-|

10

K2K(90%CL) excluded
with 4.8 101° pot
| upper limit at
| Am?2=2.8x103V?

<

0.15 @90%C.L.
0.20 @95%C.L.

0 0.1 0.2 0.3 0.4 0.5

jlf at;nd.v Sl nzzeue ve d|Sappear ancein
> CHOOZ @sin220,, =1
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events
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SK Isback ! Updated SK eventsin K2K-I|

FC K2K-1I Preliminary FC 22.5kt
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-250 0

T(SK)-T(spill)-TOF A(T) ps
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)
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20
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HMigde U ..... ZObO 2001

K § priobatility|= 64.3%

0 10 20 30 40 50 60

POT vsevents CT *10® POT
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SK Data Summary K2K-[ |

K2K-11 (Jan.-Apr.’03)

#spills: 2.8x10°

POT: 1.5x 1019
Observed: 16 (23incl out of FV)
Expected:

— 1kt 26.423 , |

(K2K-I)
0.2x106
4.8 x 1019
56 (91)

80. 1+6.2_5.4

ObsExpakt)y  0.61*£0.15sat) ¢  0.70=%0.09stat)
Consistent rate reduction

Calibration of SK-11 (new configuration of PMTS)
Upgrade of near detector with fine segmented scintillator

detector

27



Expected resultsin the near future
NUMI/MINOS and CGNS

Oscillation pattern

Unexpected
— Neutrino decay etc.

v, appear ance

Search v,—v.at Am?~3x 103 eV?
— Direct evidence of 3 generations mixing
— lead to CPV in lepton

28



Thie MINOS Experiment

Status

*Theinstallation in the Target Hall will start in
September

*Theinstallation in the Near Detector Hall in
December.

*Thefirst beam on target in December '04.

*The Far Detector is now complete, with both

coils energized and veto shield also finished.
*Taking good atmospheric vy and vu data.

Near Detector: 980 tons
Far Detector: 5400 tons

Det. 2

Soudan

Ft'.rmVL okm
/Det. 1 735 km




The Nulll Newtrine Eneruy Spectra

150

160 Vu CC Eventgkt/ year

Low Medium High
470 1270 2740

=
o

I
-

v, CC EventMINOS/2 year

Low Medium High
5080 13800 29600

o
—

, CC Events/kt/year/GeV

}

W
I
[,

[
—
—

4x10%0 protons on target/year
4x10% protons/2.0 seconds

[
}-I'F 5 10 15 20 25 n

GeV)
By moving the h(h)”r:’]s and target, different energy spectraare

available using the NuMI beamline. The energy can be tuned
depending on the specific oscillation parameters expected/observed.
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Electron Line Shapes
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Measurement of 0scillations in MINOS

5 [ Spectrum rotios . Allowed regions
! - 7.4x10% p.o.t :EE - 7.4x10™ p.o.t
¥ 1} } “aoos
a.001 L
¥ :
0.003 i

For Am2=0.0025eV2,sin220=1.0

Oscillated/unoscillated ratio of number MINOS 90% and 99% CL alloveed
of v, CC eventsin the far detector Vs E e oscillation parameter space.



Rppearance of Electrons

90% CL Exclusion 3 o Contours
“; MINOS with: ,, CHOOZ "‘; il
L 125, 16, 7.4 x10” pot & L P
N ke ates o ol | N PR o B (| U 7o —
E t: ]] fme S N ) e
E E o
ML A T I N o - _
LU " -
[ 10
ICARUS CHOOZ 90r:. CL
(5 years, 3kt)
LS . — A =0.0025€V2
" -y
10 F
. . MINOS, with
. . ) ]
90% CL Exclusion Limits . 0 25, 18, 7.4 x10™" pot
- MINOS 3o Discovery Limits
‘1‘;-2 — 1£II'1 — D. ..‘EI.:JEU..E; D.!tﬁ.‘.-ﬂ.ﬂaa. D.EED.E
sin(26_,) sin“(26,,)

* MINOS sengitivities based on varying numbers of protons on target
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Direct v_Detection
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CERN to Gran Sasso Neutrino Beam

St a.t us {rran Sasso

*Excavation of all the underground structures and concr eting was completed on 20 June.
*Theinstallation of the beam dump (2000 tons of material) till September 2003.
*Theinstallation of the decay tube will take 7 months.
*All isgoing well for the beam to the Gran Sasso experimentsto start in May 2006.

36



2 ways of detecting T appearance

VM " amoan V’C —> T-+X _V—V BR 18 %
oscillation CC ﬁ ER >
interaction Ve N 50 %
€ Vi Ve 18 %
T T T Ve NI° 14%
OPERA: Observation of the decay Decay * kink” v
topology of t (& laCHORUS 4 N

In photographlc emulsion . -~ -
(~ um granularity) i
A digital Cloud chamber K

|CARUS: detailed TPC image
in liquid argon and kinematic

criteria( alaNOMAD) T -IEELF. e B AR
(~ mm granularity) h‘““‘-‘\
A digital Bubble chamber N— __ﬂ_g;m&andﬂeezy-in-e —

Butalso: v, ...ve » €+X



Expected number of T events

full mixing
OPERA e 5yearsrun @ 6.76x10%° pot / year
signal signal signal

2 = -3 BKGD
(AM?=18x103eV?) | (Am2=25x 108 ev?) | (A" L8 X 10

Final Design 9.0 17.2 43.8 1.06
With possible 10.3 19.8 50.4 0.67
improvements

| CARUS

Sizal

r decay mods Amp? = Am® = Am® = Am? = B
LB 1079 ¢VE [ 2.5 x 107" eV | 3.0 % 1078 oV | 4.0 % 1072 V2

T =0 3.7 9 13 23 0.7

T — 0 DIS (3,6 1.3 2.2 3.9 < 1.1

r s o QE 0.6 1.4 2.0 3.6 < 0.1

[ Total 4.9 11.9 17.2 30.5 0.7




0,; sengitivity in near future
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Expected 90% CL sensitivity on 0,

IN this decade

90% CL Exclusion
ICARUS|{ miwos it -, cHOOE
OPERA -::ﬁ; 78, 74 xTi Pﬂt i -::::::..#
'-. b . K2K
102 } ’ Preseht
; .\
103 [ J-PARK-SK ™. s

102 101 sn?20,,
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Summary

Solar and Atmospheric neutrino observations have (almost)
established the existence of neutrino oscillationsin two channels

3.

2.
3.
4

Completed and on-going experiments has reported
1.

v, do exist and no evidence of v,—v_nor v ,—v,in large Am?
New analysis on atmospheric v datain SK

n? production in GeV v, beam

New limit on v, appearance in v, beam

In afew years, accelerator based v oscillation experiments will:
1.

2.

Establish or refute the LSND effect (Mini-BooNE)
Confirm Atmospheric v results are due to v oscillation

* Oscillatory behavior of v, 's (K2K, MINOS)

* Explicit detection of v inv —v_ (OPERA, ICARUS)
Continued search for v —v, appearance

Unexpected

Next generation experiments should make precise measurement of oscillation

parameters ; esp. 0,5 CPviolation in lepton, mass hierarchy

Close in on the question of mass and mixing !
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events

0 event selection in K2K 1KT data

Nring PID cut
r ﬂ L
i é 800 *
I ® 600 |- a@ﬁ%
r *
| 25041 400 | et
4 L e r = _ hd
10 200 - e

i 11117 - o
I 6593 9200 -150 100 -50 O 50 100 150 200
I PID parameter of 1st ring

2800
L —_—— c L

(0] L

2129 q>_) 600 | "
10 i ® Z
400 | -
] 200 |
% 437 O:H‘\HH\ 93 gm__"
1 2 3 4 >5 -200 -150 -100 -50 0 50 100 150 200

number of rings

PID parameter of 2nd ring

( hatch: NC 17° + no other meson in MC )

43




Electron Candidate

*ﬁﬁﬁer Kamiokande % 1

RUN 8071
SUBRUN 41
EVENT
DATE

TIME

TOT PE:
MAX PE:
NMHIT :
ANT-PE:
ANT-MX:
NMHITA:

:NoYet :NoYet
:NoYet :NoYet
:NoYet :NoYet
:NoYet :NoYet
:NoYel :NoYel
:;R= 1:NoYet

NS
= WwC o000
R N
W =

[\

E%-
s
H
o
—

e lalelalele)
DY) —_2CO000O
R N
ANC OOOO

e
e OC OO0
~J

O
o o P

RO OO0 O Wo

=12
RNy ol

31
V="0.304:-0.950" —U O

>Ny IUIG DN

“omnt;

o No

GPSDIF:

C

reconst. momentum
597 MeV/c

reconst. Ev
assuming ve CCQE
612 MeV
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