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» Introduction
<+ Long baseline neutrino oscillation experiments:
What exists: K2K (KEK to SuperK)

< For the future: a wealthy collection of long baseline
proposals



The early map of neutrino oscillations
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Where c;;=cosg;;, s ;=sing;;, = CP viol. phase

Am,,2. Am2_~2-20x10-5 eV?, sin220,,~ 0.&

sol—

Am,2=1.6-3.9x10-3 eV?, sin?28,,>0.92

sin220,3<0.12 (0,5<10°) @ Am2=3 x10-3 eV?

At the atmospheric scale, neglecting
matter effects and CP violation:
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Caveat: we might miss a . in“26,,
continent (LSND signal !) sin?26,, 0=sin?26,; 02U
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L ong baseline experiments

PV, - v,) =Sirf(29)sirf(1.27AnTL/ E)
where Am?=m;?>-m,2 eV?2, L/E in m/MeV
Am?=2x10-3 eV?= Investigate L/E ~ 500 Km/GeV
= use a ~ GeV v beam over a distance of ~ 1000 Km
Intensity must be as high as possible

Beam transport, target, decay tunnel are
underground

Proper pointing of the beam

= Look for v, spectra distortion in a far detector
and/or v appearance



Towards a quantitative understanding of
neutrino oscillations

@ Neutrino oscillations or
some other effect (decay ?...)

& Make sure that we see the
oscillation signature:

€1} sin®(1.27Am?L/E) dependence

Claudius Ptolemy, A.D. 200

= Long baseline programs

| ® Measure accurately the

oscillation parameters Am? and
sin°26

@ Measure, if any, Vi — Vsterile

® Measure 6,5 (search for
v, —V,at the atmospheric Am?)

@ Leptonic CP violation ?



K 2K (K EK to SuperK)

< The first long baselme neutrino experiment
with a near and a far detector (SuperKamiokande)

< Neutrino beam with (E,)=1.3GeV over a baseline of
250 Km

L/E = 200 Km/GeV, sensitive for Am2=> 2 103 eV?

< Proton intensity: 6x10%? protons of 12 GeV kinetic
energy on an Al target every 2.2 s

accumulated 4.8x10% protons, aim to 1020 pot
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K2K present results

< The result: 80.1°%2  , events expected, 56 events observed in SuperK

null oscillation probability: < 1%
52.4 events predicted for Am2=3x10-3 eV?
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MINOS:; atwo detector neutrino
oscillation experiment

Far Detector 5400 tons

Det. 2

FermV ! 10 km Soudan
Det. 1 735Km S~
/ 12 km

Near Detector 980 tons

= shoot a neutrino beam from Fermilab to Soudan mine
(Minnesota) over a baseline of 735 km
= 120 GeV protons from the Main Injector on a C target

-



start data ~ MINOS experiment
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The NuMI beamline

Protons Target Horns Decay Pipe Absorber Detector
Rock
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- Hm >« 675 m >
< Mear Detector: 104 km o

Far Detector 735 km

<+ 120 GeV protons from the Main Injector (up o 4x10'3 ppp in 8 s
every 1.9 sec, i.e. beam power of 0.4 MW, 3.7x102° protons/year)

- at start up 2.25x1013 protons/cycle

<+ water cooled graphite target, 2.0-2.4 interaction length, which
provides absorption of ~ 90% of the primary protons

< flexible configuration of 2 parabolic magnetic horns, water cooled,
pulsed with a 2.6 ms half-sine wave pulse of 200 kA

< 675 m long decay pipe with a radius of 1 m



NuMI civil construction
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NuMI| Horn system

Y “em___— Baseline solution
=N
ME Beam
—
: <

J With a parabolic shaped horn inner conductor, the horn behaves
like a lens (p; kick proportional to the distance from the axis), with a
focal length proportional to the momentum

) 1ts focused parallel by horn 1 go through hole of horn 2, while those
somewhat overfocused or underfocused are finally focused by horn 2



NuMI horns
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Neutrino spectrain the
Far Detector

150 -

Medium Energy Total Evts/kt/yr]|
- HighEnergy | FE 440
Lt T ME 1040

- HE 2170

With 3.7x10%° pot/year :

» LE beam

~ 440 events/kton/year
» ME beam

~ 1040 events/kton/year
» HE beam

~ 2170 events/kton/year



MINOS Far Detector

< 2 sections, each 15m long

<» 8m Octagonal Tracking
Calorimeter

> 486 layers of 2.54cm Fe

> 4cm wide solid
scintillator strips with
WLS fiber readout

> 25,800 me active
detector planes

<» Magnet coil provides
<B>=13T Half of the MINQOS Detector

< 5.4kt total mass 8 mx8 m x15 m



Detector Technology

Scintillator Module

Detector module with

gue 20 scintillator strips

WLS Fibcy/

WLS Fibers\\

“~Optical Conncctor

Optical Conncctor

2
Multiplex % |z 2
Box 28
g
s [

Clear Fiber Ribbon Cable (2-6 m)

([ — |

MUX boxes route 8 (1 in Near
Detector) fibers to one MAPMT
pixel

»
>

8 m Optical Conncctor”

Optical Connector

Clear Fiber Ribbon Cable (2-6 m)



MINOS Near Detector

<+ an essential part of the experiment

< built to be as similar as possible to the far detector, it will be used
to predict the far spectrum

<+ provides high statistics, about 700,000 times as many interactions
as in the far detector (per kton)

980 tons

coil hole

i | IEEESSEEEE

48mx3.8mx16.6m
Beam central region
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Far Detector V, CC distributions

AmM*=0.002 eV®

10 kt-year exposure

3.7x1020 prot/year
CC energy distributions — Ph2le, 10 kt.yr., sin*(2%)=0.9
AmM’=0.0035 eV Am’=0.005 eV"
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Ratio of oscillation spectrum
to no-oscillation spectrum
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CNGS, CERN to Gran Sasso neutrino
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CNGS: av. appearance program

x1@g

0.4 n
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 over a distance of 732 Km

0.3

d energy matched forv, - v, : 0%

appearance experiment = 02
0.15

N N ) -
of Crran Sasso (pot GeVo om®)

fluier
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0.1

D.Dﬁ’lﬁ—r
0 B

0 5 10 15 20 25 30 35 40 45 50

< 400 GeV protons from SPS E (GeV)
<+ 200 days, sharing with other users (LHC,..) = 4.5x10?° prot/year
< # v interactions in 5 years

18300 NC+CC/kton

67 v. /kton for Am2=2.4 10-3 eV? and maximum mixing



OPERA: direct observation of v_
appearance fromv - v, oscillations

V R T_ + X ,U_VTVIU BR 18% " Long decays .
r kink | | | I~
CC N\ ,hvonn®  50% =0 )eh
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@ Observation of the decay topology emision i plasic base
of Tin an Emulsion Cloud Chamber Pb
[
» a modular structure made of a ... >f ......................... 10
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interspaced with photographic L
emUISlon layer‘s Short decays
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The detector_ at Gran Sasso

(modular structure, %rée “supermodules’)
f . N

U spectrometer

Magnetised Iron Dipoles

Drift tubes and RPCs

" (56 Pb/Em. “cells™) ™,

* Add Changeable
. Emulsion Sheets

v target and T decay detector | Tﬁ E

LIED brick wan 1.77
e scmtﬂlator_.,,...‘,......- — Z/kton

- a “wall” of Pb/emulsion “bricks” | - 235000 206336
- two planes of orthogonal scintillator strips bricks

Eachs“iupermodule” is

a sequence of 24 “modules” consisting of \




OPERA sensitivity

Vv, -V appearance sensitivity
5 years run @ 4.5x10'° pot/year

Signal

Am?=1.6x103 eV?2

Signal

Am?=2.5x103 eV?2

Signal

Am?=4.0x103 eV?2

Background

4.3

10.3

26.3

0.65

Sensitivity to 0,5

Expected signhal and background

Good electron identification in
emulsion, but what about systematics ?

@ 90% C.L.
© signal T-e | v,CC | vNC | v.CC .
= g " peam | SiN20;5 < 0.06
7° 5.8 4.6 1.0 5.2 18 913 <7.1°




ICARUS: aLiquid
Argon Imaging
Detector

Working principle:

» Ionization chamber filled with
LAr, equipped with
sophisticated electronic read-
out system (TPC) for 3D
imaging reconstruction,
calorimetric measurement,
particle ID.

» Absolute timing definition and
internal trigger from LAr
scintillation light detection




The ICARUS Collaboration
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Events/12 kton x year

ICARUS s ... along baseline tau and
el ectron appearance experiment

4?}5 T600 modules, 5 years CNGS (4.5 x Iomp.o. t/year)
L} ] Ll Ll Ll ] L} L} L] I L] Ll L] ] L] L] L] I LB L] Ll [ Ll Ll L] A

10
Ink

<+ Detector configuration:
5 T600 modules, with
2.35 kton of active LAr

4

o0

L)

5 years: 11.9 events
with 0.7 background
events @ Am?=2.5x10-3

Analysis based on a 3-dimensional Likelihood:
Evisible: PTmiSS' pI:PTlep/(PTlep"' PThad"' PTm|SS)



ICARUS vV, - v sensitivity
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Next Proposals for Long Basdline
Experiments: 0,57

o JHF-I (0.75 MW, 22.5 kton) & JHF-2 (4 MW, 1Mton) with 50
GeV PS, 0.8 GeV V's over a baseline of 295 Km from JAERI to
Kamioka

o NuMI off-axis (20 kton surface detector @ 700-1000 Km from
FNAL, 5-10 km off axis)

o BNL beams possibly to Lansing (350 km), Soudan (1770 km),
NUSL (2540 km), WIPP (2880 km) ... with upgraded AGS (0.5-1.3
MW), E ~1 GeV

o CNGS off-axis to off-shore under water C detector in Golfo di
Taranto (1200 km from CERN, 0.8 GeV V's)

o CERN beam to Frejus with SPL (2 GeV, 4 MW proton linac, 300
MeV V's, over a baseline of 130 km)

o Beta-beam to Frejus (300 MeV v, and V_efrom 18Ne and He ions)

o FNAL proton driver, neutrino factories ..



The Off-AXxis concept

(D. Beaviset a. BNL Proposal E-889)
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NuM| off-axis detector

LOI, Fermilab P929 submitted

~ 20 kton fiducial volume
detector

o Low Z target with RPC's;
drift tubes or scintillator

= absorber medium
can be recycled
plastic pellets

o Liquid Argon, Water
Cherenkov

Phase IT with 25 times
higher POTxDetector mass\

Sensitivity to 'nominal’ |U,;|2
(i.e. neglecting CP phase d) at
the level 0.001 (phase T) and
0.0002 (phase IT)
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JHF for a neutrino beam
Overview of experiment

1st Phase

evu— vx disappearance 2nd Phase

eV, — Ve appearance oCPV

oNC measurement eproton decay




JHF: the physics reach

Sensitivities in first phase(Syrs)

90% C.L. sensmwty
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w/ beam MC sim, & full SK det. sim.



Conclusions

© An exciting future is ahead of Long Baseline
neutrino oscillation experiments

MINOS to start by the 1s' quarter 2005,
CNGS by the 3rd quarter 2006

Em% The detectors
" large masses needed: from few ktons (now) up
to hundreds of ktons (in the future), and it had
better be cheap !
" a rich spectrum of experimental techniques

W Lots of room for realistic creativity !



