Accelerator Neutrino Oscillation

Experiments
Status and Expectations over the next ~5 years
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CERN is part of the history of neutrino beams
and
neutrino beams are part of CERN’s discovery history

Discovery of neutral currents,
The 15t Neutrino Horn — Gargamelle, 1973
Van den Meer, CERN, 1961 3



CNGS - MINOS - NOVA - T2K
Neutrino Long Baseline Experiments

K2K
Atmospheric problem‘ OPERA
Neutrino Solar deficit - VINOS  NOVA
discovery >
S O
Oscillation
discovery 2K
NC discovery,
Gargamelle
>
First neutrino beam (Brookhaven) .
First horn (CERN) - D ISCOVQr'y
* Precision

CP search ?



Overview

Some European

« K2K nparticipation First experiments
Proof of Long Baseline method
Confirmation of oscillations

European experiment .
y g Disappearance / Appearance

’ OPERA First measurements (2-3)
More Et‘ﬂr_"pi?‘” Precision (2-3)
« MINQS Prarticipation Neutrino - Antineutrino
Search for 0,5
..................... e
. TZK participation
Search for 0,
Improved precision (2-3)
Hierarchy?
- NOVA Pave the way for CP searches?



- KEK to Kamioka

KEK beam

Near Detector to characterize
the neutrino beam

Far Detector: 50kt Super-
Kamiokande

Baseline: 250km
* Neutrino energy: ~1GeV
1999-2006: P.O.T.

Expected 92.3(54.4) muon-like
events in S-K w/o(with)
oscillations; observed

+ Also fitted spectral distortion

Near Detector

1.9x103 < Am? £ 3.5x103 eV? (90%CL) for sin?20=1

Phys. Rev. D 74, 072003 (2006)  °



OPERA

What we have directly observed elsewhere:
Disappearance of v,
Most do not appear as v,

They must turn fo v,

OPERA: search for v_ appearance in pure v, beam
Elegant but demanding technique
Can produce textbook result assuming delivery of enough POT
European Long Baseline experiment, substantial investment
Timeline:
-+ 2000: SPSC proposal
2007: first CNGS neutrinos observed with partial detector
2008: Detector complete
Approved for POT
Today: 4.2x10"POT delivered and recorded
Possible by end 2010: ~1029PQOT:
Proposed extension: 2011,12 to reach 2x102°POT



OPERA (i)

+ CNGS beam: from the SPS __ -
+ Almost pure v, <E>=176GeV o BN
+ Baseline (CERN to LNGS): 730km

» Topological t identification using Emulsion Cloud Chamber

technique taken to a new scale: , 150,000 "bricks”
- Electronic detectors and magnet for ’rmgger and momenTum
measurement |
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- T600: 2x300t LAr

- 3D event recording, vertexing,

- No beam data taken

ICARUS

calorimetry, PID

+ Exciting technology
» Also very challenging

* Physics prospects depend on
ICARUS starting to take data soon
and extension of CNGS run




MINOS

Fermilab beam,
Typical beam power:
Baseline: 735km (FNAL to Soudan, MN)
Low and high E runs

Data-taking since 2005

Magnetized iron / scintillator tracking
calorimeter detectors

Far detector
Near detector

POT recorded
3x1020POT analysed & presented
Antineutrino running starting
- bHo observation of antineutrino oscillation in 1 year

Mature experiment at the height of its
productivity

Main Injector protons

/1 GeV /10" POT

Events




MINOS - disappearance results

Unconstrained fit:
*  MINOS Far Detector i
—— No Oscillations 1 |j.r'ﬁ|2 ={243i[} 1 3} X 103 eV2

— Best Oscillation Fit

[ NC background | sin2(26) > 0.95 [ v2/ndof = 90/97,
22N, - = 90/97 1

[
L=}

Constrained (sin?(20)=1.) fit:

|Am[2=2.33 x 103 eV/2
sin(26)=1.07
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MINQOS — appearance results

Obse r\/ation 3 5 events Feldman-Cousins C.L. contours for ANN

Expected Background 27+5(stat)+2(sys) :_.-’ 3.14x10” PoT
for 3.14 x 1029 POT _ sin’(20,;) = 1.0

|A m2) = 2.43x10° ¢

Far Detector MINOS PRELIMINARY : = Best Fit A m?> 0

0 : ssxn Best Fit Am2 < 0

j 314!10 POT ANN Selected -'.‘ — gﬁ% CLA m2 >0
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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 1
a strong possibility



MINQOS — other results

Magnetized detector allows
separate detection of
antineutrinos (7% of beam)

PRL 101,221804 (2008)
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Super-Kamiokanderes
(ICRR, Univ. Tokyo)
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T2K highlights

Main objectives

: search for non-zero
- Increase current sensitivity by ~10

* Precision: 6,5, Am?,;

- World's most precise measurements

sin®26,, > ~1%

Off-axis beam (2.5°)
Quasi-monochromatic v, beam
L/E tuned for max sensitivity

Reduced high-E non-CCQE
backgrounds

Ami, — =~ 2%
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on axis
off axis
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JPARC accelerator complex

Neutrino beamiine:

I_..:-._l..l_l 1 E' E‘l:'ri ...i!:

rted In Apr.
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Primary Beam-line

! 11 NC mags

— n gection
J"- Prpp::;h? nducting magnet)
L (norf

Beam Monitor

Intensity (CT) 5
Beam position (ESM) 21
Profile (SSEM) 19
Profile (OTR@target) 1
Beam loss monitor 50

ARC Section

28 SC combined func mags
 Utiity buitding (+3 SC corr mags from BNL)

(Pow er su pplles

inal Focus Section
H (normal-conducting magnet)



mailto:OTR@target

Neutrino Beam Line

Primary beam line fully installed
Commissioned (with 1 horn) in April 2009
Signal in muon monitors from first shot
All 3 horns now installed

Secondary beam focusing by Horn
Muon Monitor ,

E 1,,: eak

X CENTER Y CENTER
-2.54 cm

-~ 1* horn turned off : e
] [ -~~~ First shot on target

~.” 1%t horn turned on -~ After 9 shots beam tuning
512D hist | 51 20 hist T o -

18



The near detector: ND280

Off-axis detector
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fully installed and operational

Refurbished UA1 magnet:
operational, field mapped

SMRD: fully installed,
commissioning

POD: fully installed,
commissioning

FGD: installation this week
DS ECAL: installation next week

TPCs: 2 of 3 at JPARC,
installation in October; third one
in construction

Barrel ECAL, POD ECAL: in
construction, installation in 2010
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Far Detector: Super-Kamiokande

PE 50kt Water
& Cherenkov detector
aeesmy -20"PMT x 10,000
s +Anti counter x 2000

New electronics installed

In summer of 2008. (SK-1V)
- Stable and dead time less DAQ

— e.g. improvement of
decay-e tagging efficiency

‘== | - Ready for T2K experiment

20



T2K appearance sensitivity

90% CL 0,, Sensitivity 750kW
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- FNAL NuMI beam, Off-axis, 810kM
* NuMI beam upgrade to 700kW
Liquid scintillator in 4cm x 6¢cm cells
14kton far detector
222ton near detector

» Funded in FY09 budget, ground breaking in far site
STGrTed ].ST May 90% CL Sensitivity to sin®(20,,) « 0

* Longer Baseline:
- Mass Hierarchy (combinied with T2K)?




The next ~5 years

+ If 6,5>0.01:

- evidence very soon

- firm observations by 2005

- CP search will be open: new detectors, upgraded beams

» Europeans are participating in the 6,5 search

- How should we focus activities, what should the role of
CERN be, so that Europe can be a major player in the
CP-search phase?

* If no evidence of v, appearance by 2005
- Need for new type of facilities (NF, BB)
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