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Constituents of This World

T he Standard Model of How can we
Particle Interactions
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Mixing btw. Flavor and Mass

We know that there are three types of charged lepton.
Distinguishable only via mass.

@ -

electron (0.5MeV)  muon(110MeV) tau (1776MeV)

Then, we found that there are three types neutrino.
Distinguishable via interaction w/ matter.

The one which create electron — electron neutrino (v,)
The one which create muon — muon neutrino (v,)
The one which create tau — tau neutrino (v_)
There is no need for them to be mass eigen states.
|v.>=a|vy>+ 0 |v,>+C | vy> v, v,, v, 0 mass eigen states
Same thing can happen for quarks.
Partner of |up> quark = a |down> + O |strange> + c | bottom>




Quark Flavor(zgeneration) and Mass
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v" All are believed to be given mass by Higgs, but O(5) different.

v" Relation btw. mass eigen states and weak eigen states is
suggestive (close to diagonal)



Lepton Flavor(=generation) and Mass
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Mass (eV) Maki-Nakagawa-Sakata matrix

v'0(11) difference. (O(6) w/ electron)

v'Relation btw. mass eigen states and weak eigen states is
further suggestive (Large mixing).




Links among Hierarchies

(097 0.23 0.004)
Ugw ~| 023 097 0.04
0008 004 1

(0.8 055 <0.21)
U, —-04 06 07
.04 06 07

b BiRor—5 mﬁfw:r—a d_‘s____giﬁ'ﬁbﬂ‘—b\

Assuming some
symmetry among quarks
and leptons, some
models predict

(0816 0577 0
~0.408 0577 0.707
| 0408 —0.577 0.707




How is lepton mixing matrix measured?
Mass eigenstate

l\\/Ieutrino Oscillation . —
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Appearance or Disappearance

Neutrino flavor is tagged via charged current (CC) interaction.
The one which create electron — electron neutrino (v,) : Ey csholg >0 MeV
The one which create muon — muon neutrino (v ) : Ey,reshoiq > 100 MeV
The one which create tau — tau neutrino (v.) : E esholg > 3-5 GeV

AtE < Ethreshold'

that flavor is not observed and recognized as disappearance.

electron, muon or tau
\Y /
=

proton or
neutron




What we knew before 2

1 O 0 +C, 0 + 513
Uouns = 0 +Cp  +5,, 0 1 0
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KEY to understand the

origin of quark and lepton
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~7.6x10°eV?

~2.4x103eV?

KEY to understand the origin of
matter dominant universe
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Why it takes so long
time to just determine
a few parameters???




Difficulty - Neutrino is so weak-

Concrete Wall

High Energy proton‘*

< > ~30cm
~1GeV muon ‘*
L ~200cm

~1GeV neutrino (atmospheric, accelerator)

~108 km=distance btw. Solar and earth

~1MeV neutrino (solar, reactor)
O ~10%* km=100 light-year




Difficulty
- Oscillate across long distance-
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T2K (Tokal to Kamioka)
Long Baseline v experiment
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Why it takes so long time to
just determine a few
parameters???

Because we need
a strong Neutrino Source
and

a Large Neutrino Detector




Neutrino
Source




Accelerator
]' PARC Japan Proton Accelerator Research Complex

Located in Tokai-village
Completed in 2009
Design goal
RCS: 1MW —] Beam
MR: 750kw_] power!
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Joint project of KEK & Japan Atomic Energy Agency (JAE.



This v, may oscillate to

Accelerator v (disappearance) via 0,;

or v, (appearance) via 0,
after traveling 295km.
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current
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current

horns

Energy carried by beam! FlgEeasiiio i Vi
~1v/cm?/s at T2K Far detector(295km away)

(@750kW proton beam power)




50 GeV 075 MW beam [Residual radiation level

3.3E14 ppp (2.6MJ) in 5us pulse >1000Sv/h

When this beam hits an iron block, /
cm

0 20 40 60 80 100 cm

Temperature Rise (K/pulse)

1100°
v’ Material heavier than iron would melt.

v’ Thermal shock stress ~ EgAT ~ 3GPa
(cf. 1} 77 ~300 MPa)

(cf. melting point 1536°)

Material heavier than Ti might be destroyed.

v’ Cooling power and radiation shield 12GeV PS x 100 .







Neutrino
Detector
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Cherenkov radiation

Photons are emitted when charged particle travel
faster than the light velocity in medium.
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Signal for 0,,

(v, disappearance ) Signal for 0,

(v, appearance )

Number of e

99% Back ground
rejection is necessary.

fy il fi
‘ " Particle identification using
-10 8 6 4 -2 0 2 4 6 8 10 . .
Pos Dsmes [iNQ Shape & opening angle




T2K accumulated 2% of planned
data(v, beam) before the earthquake

Super-Kamiokande IV
T2K Be Run 33 Spill 82

2.56 (0.7%) significance
for non-zero 0,

T2K goal > 3o for sin?20,; >~ 0.02 (~4°) .




Number of events

T2K result 6,, and Am?,,
(v, disappearance)
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........... No oscillation

Best fit with oscillation
(sin?20, Am?) = (0.99,2.6x107eV?)
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Reconstructed neutrino energy(GeV)

A m?[eV?]
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Goal : 8(sin?20,,)~0.01 (66—3°)
0(AMZ2,) <1X104 [eV?]

| eeeeee T2K 1.43x10%°POT (wio syst. error fitting), 90% CL

T2K 1.43x10°°POT (w/ syst. error fitting), 90% CL

MINOS 7.25x10?°POT, 90% CL
Super-K Zenith (preliminary, Neutrino2010), 90% CL
Super-K LIE  (preliminary, Neutrino2010), 90% CL




Earthquake on Mar. 11th

tenki.jp
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Neutrino (Dump)




Being rapidly repaired

Neutrino (dump) — % Neutrino (dump)
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Horizontal [mm]

Vertical [mm]

Super-Kamiokande IV

T2K Beam Run 40 Spill 376612
Run 69368 Sub 68 Event 15222156
12-01-26:02:45:01

T2K beam dt = 3569.4 ns

Inner: 4463 hits, 31248 pe

Quter: 4 hits, 2 pe

Trigger: 0x80000007

Charge (pe)
. >26.7
® 23.3-26.7
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Next — CP violation and origin

of matter dominant universe-

» CP violation

Fundamental understanding of the origin of lepton mass
and mixing

First step to understand the matter dominant universe

P(v, 2v)-P, »v) _am,'L sin2g, . .
P(v, >v,)+P(, —)V) 4E,  sing, Need >100

~ (0.046x 21l @ oscillatio maximum statistics
sing,,
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Hyper-Kamimokande project

Outer Detector Plat form
Opaque Sheet

Inner Detector
. Access Drift Liner Waler Puriflication System

K CICICICC

/ |/ [/
50kton total \!‘,:2;._}.! - £y
'
22kton fiducial

Photo-Detectors
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~ SECTION.

Access Drift Plat form

e

Height 54m

fleight 54m

Baseline design

» 1Mton total volume, twin cavity
» ~0.6Mton fiducial volume

» Photo coverage 20% (1/2 x SK) _ Vidth 48
» 20inch PMT x 102,000

Aiming to start ~2020




Summary

The mixing between flavor and mass can be a link among Hierarchies:
Current world and world at Grand Unified Scale (~101® GeV?)

* How close to maximal mixing is 0,57
* How small is 0,57
T2K and reactor neutrino experiments start to answer.

CP violation in the lepton sector is a kind of ‘required condition’ for
good-bet theories explaining our matter-dominant universe.

It is within our reach!
T2K goal > 3o for sin220,5 >~ 0.02 (~4°)
5(sin220,,)~0.01 (50~3°)

Hyper-K CP violation if 6(CP)>~20°




