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Our knowledge of neutrinos, so far

* Neutrino is one of elementary particles in SM
— (Almost) massless neutral lepton with spin %2
— Only (or mostly) left-handed neutrinos
— Three flavors (active neutrinos) below Z boson’s mass,
.e. Vg, v, and v,
* Inlate 1990’s and early-mid. 2000’s:

— Evidence for neutrino oscillations!

» Atmospheric v by Super-K (1998), confirmed by accelerator
neutrino experiments, K2K (2004) and MINOS (2006).

e Solar v by Super-K + SNO (2001), confirmed by a reactor
neutrino experiment, KamLAND (2002, 2004)

— Therefore, neutrinos have finite mass and flavor mixing!
— New era of “neutrino flavor physics”!
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Neutrino flavor mixing

 If neutrinos have mass, flavor (or weak) eigenstates are
not necessarily equal to mass eigenstates.

Flavor (weak) eigenstate Mass eigenstate
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+ acc. v (K2K, MINOS) + reactor v (KamLAND)

+c13 0 +sze® {+C12 +s12| 0
Uuns = 0 [ +co3 +s23 0 1 0 —812 +ci2| 0
0 {—Sg;g +CQJ —SlgEié 0 +cC13 0 0 1
Sij = sinbj, cij = cos by Parameters for flavor mixing:
3 Mixing angles = 0,,, 0,5, 0,5
CP phase =0

Mass differences = Am?,, Am?,,, Am?,,
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Neutrino oscillation

* A neutrino of one flavor can change into a neutrino
of other flavor once they are mixed, which is called
“neutrino oscillation”

— E.g. In two flavor case for simplicity:

What happens at time t (or travel distance L) to a neutrino of flavor
“‘a” att =07
* Probability that v, changes to v at distance L:

P(vy — vg; L) = [{vglva (D))|? =

Oscillation parameters

« As a function of neutrino energy
 As a function of the distance from neutrino source
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Current status of oscillation parameters
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What's next for the neutrino flavor physics?

e SO0, current knowledge on the flavor mixing is...

L‘T(,;; — SIn 913 . (—j_m- = § Ny
0.8 0.5 |777
UpMmns  ~ 04 0.6 0.7 0,5 ~134°, 6,5 ~ 45°
04 06 0.7 913 < 10°
' ' ' CP phase & is unknown

 Next goals to be pursued...

— Key issues: What Is 0,53? Is it finite?
* Search for v, = v, oscillation

P(v, — v,) ~ sin® f?g;ising(Am%L/élE)

» Precise measurements for 0,,, Am?,,, ...

— If we find non-zero 6,5, then we can go further...
« |Is the CP violated in lepton sector? Acp o« P(v, — v.) — P(v,, — V)
« What is the neutrino mass hierarchy? Is Am?,, <0 or > 0?
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The T2K experiment

Next generation long baseline neutrino experiment

Neutrino beam from Tokai to Kamioka Neutrino beam using

a new accelerator at J-PARC

[ Nuclear and Partcle Physics Experimental Hal
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T2K collaboration
Iv10 I==] | o TE

e ~350 members from 12 countries:

— Japan(66), US(58), Canada(50), France(38), UK(37)
Switzerland(31), Poland(22), Korea(13), Russia(12),
Spain(11), Itary(9), Germany(2)
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T2K neutrino beam: intense narrow band beam
using “off-axis beam” technique
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(Ref: BNL-E889 proposal) Super-K 04
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e Quasi-monochromatic energy

e 2-3times more intense than
conventional narrow band beam

 Tuned at oscillation maximum
 Almost pure (> 99%) v, beam

Pion Momentum (GeV/c)
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The goals of T2K — v, appearance

* Discovering the v, = v, oscillation and non-zero 6,
— Search for oscnllated electron neutrino events

ERTRIUMF
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The goals of T2K — v disappearance

* Precise measurements of v, disappearance

| ALLCHAN 1223.
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A possible strategy of oscillation studies

ND280m

proton decay volume \V,
target —VW Qe (e >
+ horns
110m
3 > 280m/, 295km
b / 77
QA % }QA
o (I)near _ & (I)far
(@) I EV' )
* W — # X
Ev X RF/N (: d)far/ d)near) Ev
(far-to-near spectrum ratio)
[spectrum measured at NDJ x [ Iuc = [spectrum expected at SK]
compare

[spectrum observed at SK]

* Reliable spectrum measurements
* Reliable near-to-far extrapolation
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Neutrino energy measurement

 Use CCQE interaction to reconstruct the energy

Vpt+n—u +p
mnyEy — ?‘RF /2 v 5 H (Ewpu)

my — Ev¢ + ppcos Oy

rec. __
E " =

 Backgrounds are non-QE (inelastic) interactions
v,+n—=pu +p+m’s

Reconstructed E  (GeV)

Rate(E,) = fluxX ¢ = FIux(E,)

non-QE :
Q To estimate the energy spectrum,
0 08828 ek, @evy | We need to understand o(QE) and o(non-QE)
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What we need to do to achieve the goals...

e Understanding the primary proton beam
— Stable beam steering required
— Impact on secondary hadrons, and hence neutrino beam
—> Impact on near-to-far extrapolation

« Understanding the neutrino beam properties
— Neutrino flux and spectrum
— Beam v, contamination

— Neutrino cross section, especially for backgrounds
* Non-QE events for neutrino energy reconstruction
* NC-1x° events for v, appearance search
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Understanding the primary proton beam

 Primary proton steering:

— Variation in beam injection into

the target changes secondaries’
direction, hence the neutrino
beam.

— Measure proton position at
target to 1 mm precision:

» Neutrino energy peak shifts by
2.2 MeV/mm

* Flux changes by 0.6%/mm
e Optical Transition Radiation
(OTR) beam monitor just In
front of the target

— Measure proton position and
profile at target

— Canadian contribution:
U of Toronto, York U, TRIUMF
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Optical transition radiation beam monitor

e Transition radiation photons are

emitted when charged particles pass  gackward

through a foill. OTR

— Light yield: ~10*! photons/pulse

(~104 protons)
— Read out by optical system
— 2D image available
* Ray trace simulation of optics shows that:

beam

45°

target
Forward OTR

— 1mm shift in proton beam position is reconstructable. | See A. Marino’s talk for

— Simulation is validated by table top optics system
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Understanding the neutrino beam properties

Detector complex at 280 m
downstream of the target

e On-axis detector: INGRID

— Monitor the neutrino beam
direction

— Neutrino flux
— Neutrino energy spectrum
— Beam v, component

— Cross-sections for the
background processes

« To study the bias on energy
spectrum measurements at ND
and SK
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Off-axis detector

Pi-zero detector (POD)

FGDs
TPC _
Magnet o - — To study NC=® production
yoﬁne with high statistics
e Tracker

Magnet
coils

— To study CC interactions
— Measure the v spectrum

ECAL

— Detect the EM components
from tracker and POD

— For =® and v, studies

SMRD

— To measure the encergy of 1
going sideway

Pi-zero Housed in UA1 magnet

Detector — Bfield=0.2T

v beam

Tracker
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The tracker: FGDs + TPCs

v, Induced CCQE event

TPC

FGD

’_’__,.--r"""—'—‘—.

TPC

Vy +1 — b

FGD

TPC

Canadian contribution: UBC, UVic, U of Regina, TRIUMF

Fine Grained Detector (FGD):

Alternating X and Y layers of square
scintillator bars, provides:

— neutrino interaction target mass
— tracks around interaction vertex

— particle ID by dE/dx and Michel
electron

T. Lindner’s talk (Wed. morning)
B. Kirby’s talk (Wed. morning)

* Time Projection Chambers (TPC):

surrounding FGD, provides

— Measure momenta of particles
emerges from FGD with ~10%
resolution at 1 GeV/c

— Particle ID by dE/dx (p/u,n/e)
K. Fransham'’s talk (after this talk)
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v, CCQE measurement in tracker

Preliminary study on CCQE efficiency/purity has been done
by USing “Smeared MC trUth” information Reconstructed energy spectrum for CCQE candidates

« CCQE:v,+n->pu +p
— Only u~and p exist in the final state.
—  But, most of B.G. processes contain 80/~
pions (e.g. CC-1x, CC-multi-n). i
. Selection criteria for v, CCQE:
1. Only one negative track detected in

TPC (u candidate) 20h
2. No positive nt*/e* like track in TPC L Uﬂmﬂgﬂm@ﬂﬁmﬂ&&hﬁi

3. No Michel electron in FGD Neutrlno energy (GeV)
(veto n=>u*—>e* decay)

— All CCQE candidates
True CCQE
— backgrounds

100—

60;
i —True E, distribution
(for reference)

40—

_ _ With a set of simple and robust cuts,
4. Noywith E>67 MeV in ECAL CCQE can be selected with relatively
(veto n® > 2y) high efficiency and purity.

e Similar studies for CC-1n*, NC-1n* and v, CCQE selections in progress
e Real reconstruction algorithms under development.
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T2K time line and possible beam operation

Calender Year
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
o o r | | | I I | I I |
~ Accelerator Construction Accele
2001~ ' (Linac__ .l |
5 Comissioning 3GeVRCS | Linac 200 — 400MeV
| 50 GeV.MR
| I : | 50GeV Slow Extraction
v-beamline Constrliction T2K Physics run 3
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l ~— |Beam ON| N g
: : / *_2 8_
- ©- RCS power (Baseline operation scheme) — S 7 £
—— MR power (Baseline operation scheme) ~fall 2009 ¥ §
MR power (# protons/pulse x 2) hvsics run ,/
—*— MR power (# protons/pulse x 2, Rep. rate x 1.5) pny
| —%— MR power (# protons/pulse x 2, Rep. rate x 2)
e T Tt SO W -1 V.V ey -
Hardware upgrade is é,
> I .
nepessary for >1IMW. Reach design intensity
I | ‘ I I |
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 ¢
Japanese Fisical Year (Apr. ~ Mar.)
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J-PARC accelerator and neutrino beam line

' N 1|

o ~B _'.. L s 1
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J-PARC accelerator and neutrino beam line
under construction

Marg:h 2006 e




J-PARC accelerator and neutrino beam line
under construction

T

Neutririo bearg lines
%

g - | : & | December, 20067
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J-PARC accelerator and neutrino beam line
underconsnucnon

| Target Stat'O”

o e ' | December, 20067
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J-PARC accelerator and neutrino beam line
underconsnucnon

L’- » Target statlon Lt
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J-PARC accelerator and neutrino beam line
underconsnucnon
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Summary

 Neutrino oscillations have been established In
late 1990’s and early 2000’s

 The next Is to measure oscillation parameters
precisely and search for non-zero 6.

o T2K experiment will do the job!
— To measure the Am?,; and 0,, to a few % precision
— To search for non-zero 0,, down to sin26,; ~ 0.006

 J-PARC / T2K status:
— Accelerator and beam line being constructed.
— Detector design finalized, being constructed.
— Beam will start in 2009
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