Approved long baseline
experiments (non-CNGS)

Christos Touramanis
¥ UNIVERSITY OF
R,

L4



MINOS — NOVA - T2K
current non-European long baseline projects
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Note: - Precision

Signi.ficant European contribution to MINOS .
Substantial European contribution to T2K gp SeCll"Ch 7
- PMNS ?




Neutrino mixing
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Neutrino oscillations
and Long Baseline Experiments

Mass hierarchy

- Is U, non-zero?
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MINOS

150 members, mainly American

Data-taking since 2005
735km, NUMI@FNAL: low and high E runs
Antineutrino running possible

Magnetized iron / scintillator tracking
calorimeter detectors

5.4kton Far detector
0.98kton Near detector

Total NuMI protons to 00:00 Monday 23 February 2009
# 2008 NC pub”cation

Not analyzed yet '

2008/03/11 2008/09/01

RUN I - 1.27x10% POT RUN II
1.87x10%° POT

19/
Date

{)
/93

’_
o
o
©
=
o))
O
@
==
o
>
L

o Low energy beam (x2)
> High energy beam
Tuned MC
¥ — Fluka05 MC

10 15 203050
Reconstructed neutrino energy (GeV)




MINOS — disappearance results

MINOS Far Detector

* Far detector data

— No oscillations

100

— Best oscillation fit

[ NC background
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* MINOS Best Fit Super-K 90%
1.5 — mnOs90% ~ —— Super-K L/E 90%
—— MINDS G8% 2K 20%

10 15 203050 1.006 0.7

Reconstructed neutrino energy (GeV)

|Am?,,|=2.43%0.13 x 103 eV?(68% C.L.)
sin%(20,,)>0.90 (90% C.L.)
With x?/NDF=90/97 6
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MINQOS - appearance results,

Observation 35 events

Expected Background 27+5(stat)+2(sys)
for 3.14 x 1029 POT
Far Detector ~ MINOS PRELIMINARY

ANN Selected

== Data

s NC Prediction
w== CC Prediction
== Tau Prediction

=== BNue Prediction

== Data Excess

w== Best Fit Signal

MORIOND EW 09

Feldman-Cousins C.L. contours for ANN

3.14x10%° POT
sin’(20,;) = 1.0
|A m2) = 2.43x10° ¢
= Best Fit A m?>0
sssn Best FitAm2 <0
= 00% CLAM2>0
= 90% CLAM?<0
CHOOZ 90% CL

0.2 0.4 0.6

. 2 PRELIMINARY
sin“(20,,)

normal hierarchy, &cp = 0: sin?(20,;) < 0.29 (90% CL)

Reconstructed Energy (GeV) inverted hierarchy, Ocp = 0: sin?{jzﬂ,31 <0.42 (90% CL)

(My) current reading of this: after the first MINOS result we do not

have any stronger limit than before

Early evidence and discovery by T2K (and Double-CHOOZ) remains

a strong possibility



12K

» 385 members, , 12 countries
from 7 European countries

; commissioning: 2008-09; first
neutrinos: next month

- Beamline cost: $160M
- Near Detector cost: ~$30M

» Beware of financial basis (Japanese ~
CERN ?)



Main T2K Science Objectives

: search for non-zero
- Increase current sensitivity by ~10
- Outcome crucial for international neutrino programme planning
- Opens up search for neutrino
* Precision: 923 ,Am223
- World's most precise measurements

sin®260,, > ~1% Ami, — =~ 2%
- Is 23 oscillation maximal?
of Nature?

* Neutrino scattering below 1GeV
- Precision measurements necessary to achieve previous goals

* Clarify mass hierarchy (combined with NOvA ?)



R e B e 1A RC Main Ring
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+ Super-Kamiokande IV:
* Fully refitted
* New electronics (eliminate dead-time)
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T2K appearance sensitivity

T2K Discovery Potentialon v,—v,as a Function of Integrated Power

Excludedby CHOOZ
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Line: 3o Discovery

Dot: 90%C.L. Upper Bound

Expected 90% sensitivity
by summer 2010

2010July 0.5MW ~2years=0 33MW ~3years
075 | 15
Integrated Power (10"Mwsec: ~ 1MwxEffective 1 Year Experimental Period)




Off-axis neutrino beam

| V

&

Vv,

onh axis
off axis

on axis
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* Quasi-monochromatic v, beam
* L/E tuned for max sensitivity

Reduced high-E non-CCQE
backgrounds
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Main T2K measurements

v, appearance

~|~ Expected Signal+BG
sin”20,,=0.10
sin®26,,=1.0
2 2
AmM~“=0.003eV

— Total BG S | n 22923

— BG from v“+antiv“
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Reconstructed Ev(GeV)

The challenges:
* Knowledge of initial beam content and kinematics
* Knowledge of backgrounds
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J-PARC construction since 2001

First funds for neutrino project approved in December 2003!



LINAC: commissioned in January 2007

Parameter

Output energy

Peak current

Linac beam power
Momentum spread
Orbit distorsion

Beam position jitter
Peak current fluctuation

MeV

Unit

Design

181

Commissioning
goal

Achieved to date

181

25 30 (RFQ)
1.2 (w/o chop)

25 mA: 0.16 (FWHM)

Ve o¥: X

4

181MeV

-PARC ")=77

"I 0




3GeV RCS, achieved: 70s @ 213kW,
singe-bunch corresponding to 353kW




Main Ring

- Phase 1: 30GeV
- Commissioned

* First neutrinos: April 2009
» Aim to deliver 100kW*107s before summer 2010
* Leading to T2K 6,5 sensitivity below CHOOZ limit
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mailto:OTR@target

Temperature (K)

Neutrino SC Magnet System
-First Cool Down-

—e—7th cryo n
= —v--- 14th cry

| —=—Ligq. level

—4— Ref. Outlet

| —>—Ref. Inlet

—=—3rd cryo
—e—7th cryo

1/17
DATE TIME

Voltage (V@0.4A)

*Cool Down started Jan 2009
*Excitation Test started Feb 2009

=8| *4400A (30GeV nominal)
equench tests for all the magnets
*48 hour excitation test
| *5000A excitation test
' « after full magnet quench
*Main SC Magnet performance
*OK for spring beam test




Neutrino target volume

Target area

F—— Concrete shields

+—— Iron shields

+——Support structure
= Helium vessel
(being designed by
KHI Ltd. Co.)

31‘1;1 horns
”m.l horns

Baffle Target and 1st horns
Beam window




Status of neutrino facility construction

Near Detector Building
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~ Primary proton line completed
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Beam dump installed

Decay volume completed



http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG

The near detector: ND28
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Off-axis detector -—-==~ -

On-axis Detector
INGRID




The off-axis detector

UA1 Magnet Yoke

Fine-Grain
TPCs Detectors IESENS-SY
TPCs Jeteciols,

—

\ l Downstream
— ”'h:l\ i
I |I

volume: 3.5m x 3.5m
X 7.0m

POD ophmlzed for
NC n©

Tracker optimized
for CC events

Barrel ECAL

Muon ranging:
instrumented yoke
23



Near Detector subsystems
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Sensitvity: v, dggeararce

Discovery of v, appearance (0,5,Am,)

.tJ
@
D
®
N~—"

~e

E

V

-
b

402: w[ —— Signal+BG
of | g
20 £ m # Am?2 = 3x10-3eV?2
10% sin220,, = 0.1
i,y 092 Syears
O 1 2 3 4
EVrec(GeV)

CP phase 6 (degrees)

-50

-100

-150

>10 times improvement from CHOOZ




NOVA

» 180 members from 28 institutes, mainly American
- Off-axis, 810kM

NuMI beam upgrade to 700kW:

Liquid scintillator in 4cm x 6¢cm cells

14kton far detector: enclosure
222ton near detector: enclosure

Funded in FYO9 budget, ground breakmg in far site
starts 15t May ror

26



Where do we go from there?

»+ J-PARC plan for 1.7MW before 2015

» Various FNAL power upgrade scenarios
including Project-X

* However technical feasibility must be
demonstrated, funding nowhere near assured,
plus US long-term funding instability problem

27
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