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The First Neutrinos
in the T2K neutrino oscillation experiment
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With First Neutrino Events, Physicists Closer to Answering Why Only

Matter in Universe

ScienceDaily (Nov. 27, 2009) — Physicists from
the Japanese-led multi-national T2K neutrino
collaboration have just announced that over the
weekend they detected the first neutrino events
generated by their newly built neutrino beam at the
J-PARC (Japan Proton Accelerator Research
Complex) accelerator laboratory in Tokai, Japan.

Protons from the 30-GeV Main Ring
See Also: synchrotron were directed onto a
carbon target, where their collisions
produced charged particles called

* Dark Matter pions. These pions travelled through

* Astrophysics a helium-filled volume where they

* Cosmic Rays decayed to produce a beam of the
Matter & Energy elusive particles called neutrinos.

- Quantum Physics These r?»leutnnps‘ Ithen ﬂf?unf 200

Space & Time

Arc-part tunnel for Neutrino Experimental Facility at

the J-PARC acceleratar laboratory in Tokai, Japan.
(Credit: Courtesy of J-PARC.)
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First neutrino interaction in ND280 off axis detector

‘December 19, 2009

Event number : 491 | Partition : INVALID | Run number : 1539 | Spill : INVALID | SubRun number :0 | Time : Sat 2009-12-19 07:40:13 JST | Trigger : 1 ‘
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NO Super-K neutrine events yet.
6Under beam/detector commlssmnmg)
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Introduction




Neutrinos.

Neutrinos are one of the most abundant particles in
our universe.

No. 1: Photons (light) [~400g/cm?]

No. 2: Neutrinos (~300n/cm?)

although undetectable...
~0.000001/cm?®

n Baryon

K2K 11
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/Né utrinos —

O
0 Only have week interactions 9:’_ 4 r
Small mass d [
o Origin in physics beyond the standard modecj.g
Mixing g e m
6 3 neutrinos are mixed =

o Different mixing patterns from that of quarks

o What s_ymmetr){ exists? | neutrinos
o No experimental information on the CP
symmetry
= '11 "'2 n;
Much exciting to study

neutrinos after the discovery
of neutrino Osiéc'vWatifon in 1998



9]1B1S MBaNA

CMixing Matrix—— =
Kobayashi-Maskaw matrix
ay The weak neutrinos must be re-defined by a relation
Y,=Y; COS 0 — Yy SN 0,
} (2-18)

Y, =Y sin 0 + Y, cos J.

The leptonic weak current (2-9) turns out to be of the same form with (2-1).
In the present case, however, weak neutrinos are not stable due to the occur-
rence of a virtual transmutation v,=v, induced by the interaction (2-10). If Particles
the mass difference between v, and v, ie. |m,,—m,,|=m,* is assumed to be SAKATA

a few Mev, the transmutation time 7 (».&v,) becomes ~107" sec for fast

neutrinos with a momentum of ~Bev/c. Therefore, a chain of reactions such
10)
as

Tt ut+y,, (2-19a)
v,+ Z (nucleus) -Z’ + (4~ and/or e7) (2-19b)
|<<107% Mev

Vm3 :(}/72+

is useful to check the two-neutrino hypothesis only when |m,, —m,,

§ (;/7”7—— le V
" kY, V,

m2
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Discovery of neutrino osciliation(1998)y= =¥
- Evidence of neutrino mass "\
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Status of Neutrino-
/_ :
~Oscillation 100
727 LSND anomaly ?2? «— |
Atmospheric neutrinos
n, deficit (n,appearance) 10~ Super-K+SNO
. C 95, +KamLAND 95f
Dm.,, region R
. D_m23~2.5’10'3ev2 E
* SiN%2Q,,~1.0 "L 106
<]
solar neutrinos
n, deficit ( NO NC deficit)
Dm,, region 10~
> BRIy L _ ;
2 Sin22q12~0'82 - All limits are at 95%CL
unless otherwise noted
10—12 _4 1 1 L

1072 100 102
tanZ0
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““Neutrino Oscillation

Maki-Nakagawa-Sakata matrix

Vel Ve2 Ve3 9%/71 9 A m122
le Vm2 Vm3 —.(;/7 2 _ A 5 (~m 5
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«Atmospheric Neutrinos Oscillation
Solar Neutrino Oscillations



~ Status of Neutrino Expertments

Study of atmospheric neutrino oscillations with
accelerator neutrinos.
Confirmation K2K Japan MINOS US OPERA
Europe
Amy® g
High Sensitive and High Precision experiments T2K
Am,.? (,; ;3= CP study in future

Study of solar neutrino oscillations with the reactor
experiemnts
Confirmation and precision measurements KamLAND
Am,,*
Observation of geo-neutrinos
New double beta decay measurements

21
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J-PARC Accelerators
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By Prof. M. Yoshioka at the J-PARC PAC meeting in January 2010 -
- J-PARC Accelerator status

Run-26 (early October) for 2 weeks

gLinac beam: Peak current5mA, pulse width 100~500ms
gRCS beam: 2 bunch, 20kW

gPurpose: Beam loss study at the downstream of charge
stripping foil using extinction monitor (for me conversion
experiment)

Run-27 (end of October~early November) for 9 days
gLinac beam: 5mA and 500ms, or 15mA and 100ms
gRCS beam: 2 bunch, 100kW

gPurpose: Beam loss study

Run-28 (end of November) for 1 week

gLinac beam: 15mA and 500ms

gRCS beam: 2bunch, RCS 300kWaMR100kW

gPurpose: Challenge to high power operation and beam loss
study
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0 Beam-line tunnel was completed In December 2006
0 Installation finished in 2009
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Proton beat momtors
MESMS

" Profile: 19 x SSEM s
Intensity: 5x CTs

0 Beingassembled
0 Installation started in prep

sect
OTR
Loss: 50 x lonization chambers E’ o ey

|

0 Twenty monitors are
purchased inthisFY

Aluminum Lid

Helium

OTR detector (provided by
Canada)

0 Provide all-time profile just
in front of target

6 Mirrors, rad-hard camera
delivered

0 Manufacturing, assembling
In progress
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_Neutrino Beam generation—

Focusing many p* Ichikawa-san
Proton beam i
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DecayVolume. =
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Muon monitor for-the'nbeam—
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/Hamfocusi ng: 1

sl 2D hist | | sl2Dhist |

S| Fit peak
73.2 pC

Horn off

X CENTER Y CENTER
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X SIGMA Y SIGMA
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g g 2o 8282

-B0 60 40 -20 0 20 40 €0 BO

| SI2D hist | sl2Dhist | i
- Sl Fit peak

159.3 pC
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g g 288228
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MUMON Silicon PIN photodiode array
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Installation to NM pit

7/6 ~ 7/16 for horizontal modules
8/2 ~ 8/11 for vertical modules

All horizontal and vertical modules were Installed.




Nov. 22, 2009
Side view 202548 JST

INGRID Mod. 07

MR Run #27
Shot #19655
T2K Spill #241792

1
120
cm

™ Iron (6.5cm thick)
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Off-axis Detectors.

FGD(Canada, Japan) q
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0 The detectors
were build In
many countries
g and installed Iin
J-PARC in 2009.
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_Neutrino Events KZK




o Start the experiment in April 2009, T
6 1n 2009, beam-line & detector commissioning were
performed.
100kW trial (so far 20kW is OK, but a trouble in 40kW)

Start the physics run in March 2010.
a fist result in summer 2010
Beyond 100kW: 100a&750kW (Design)

Beam loss control

Linac 400 MeV energy recovery and upgrade of the RCS
Injection system

Important Physics result around 2012 (my personal view)

Long-term plan toward power frontier (=1.7 M\W)

KEK roadmap
Anti-n running
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~_T2K'Measurements

Oscillation Probabilities when Dmf2 << sz3 » Dmf3 N, =,

@ 0., : n_disappearance
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_Measurement of g,;, Dmy2
nm +N - + p

>

Use 1 ring m-like events -
(= Quasi-Elastic enhanced sample) to =\
reconstruct neutrino energy. D

n

No oscillation Dm?=2.5x103eV? Dm?2= 2.0 x1073 eV?

>400  ~OA25deg. ~
% 80
o
N300
o
S |
?
=200 -
LD
@ .
€100 - Reh
2 5,
o PSS
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0 C B L =L 0 oS SRS
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~Oscillation parameter fit

(/50MeV/22.5kt/5yr)
o N O
o &) o

N
8)

o

Input:
Sin%2q,,=1.00
Dm2— 2.7 X103 eV?

| ALLCHAN

1223.

0

Ratio of E, to non-oscillation
VV ——— s s

AmM? (x10° eV?)
N NN
(o)} ~l (00} © w

N
3

- =
= o0ncE

‘ ‘ ‘ 1° 99% CL

0.98 0.99 1

1.Q12 1.02
(1.0, 0.0027) S~ 29



O measurement (n, appearance search)

sin2(,,=1and d=0 are assumed.
Signal:
o Iring e-like event (CC QE sample)

Background:

» beam n, contamination (0.4% of n_)
* mis-reconstructed p° event

oooooooooooooooooo

Pt e Pyttt e |
25 51 4 51 6 7 8
49 ﬂﬂﬂﬂﬂ ino energy (GeV)



Bacz;kzg rog ?dZSuzrz)pr%ssmn\ =
—{bm+=2.5x10-eV?,sin =0.1
; = 1. FCFV,E,, >100MeV
2. singlering
,:104 3. e-likePID
S 4. no decay-electron
) 5. 0.35<E,"°<0.85GeV
Elog ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 6. €0sQ,.<0.90
o 7. M<100MeV/c?(p° fitter)
N 1
& 8. DL<80(p° fitter)
2 . Nesignal
Q0T o [T :
% : (40% Efficiency) H n, signal i
+* + n.+n, backgrond
10t + % (n, backgrond)
12 34567 8 o H ﬁ ]
Event Selection A

E_rec (GeV)

5 4 4.5 5
eeeeeeeeeeeeeee (GeV)
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/
n, appearance
(Strong d dependence )
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CP violation study

—_/"beam is an option—

(Note: Old study with 2° off-axis)

N 0
NN O W O

(10%100MeV/cm?/yr)

()
(6

©
o1

—h
LI S S s p e e

ok

0051152 253 35 4 45 5
E, (GeV)

CC interqction

200 | _Cross sectlon fl
5150 Hi- - d-l-ffe-ren-ce ------------- e

: \\\\\\ ) o
0 25 5 75 10 12515 175 20
E, (GeV)
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JHF-HK CPV Sensitivity

CHQOZ exc :d’i
13<<0.[1: ; “1
= signal stat only /
3s 2P sensitivity : |d|>20¢° for " / ARAme
- - * stat+2%sys
sinZ2q,,>0.01 with 2% syst. I Stat nly,/
I /stat+5%syst.
: : " : | / stat+10%syst.
NOTE: CP violation (signal+BG) stel%hiy _+ B (
*A;~0.2 sind @ sin2q,3=0.10 | oe} k \\1\~§r -
— - == _ T2K-I"3s.discovery. ____
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oummary =
The T2K neutrino oscillation experiment started In
April 2009

T2K Is the front runner in neutrino experiments.
Many foreign researchers are in the collaboration.

We soon have the new result in summer 2010.
First search for electron neutrino appearance.
Precise measurements of neutrino oscillations.

We expect significant results around 2012.
Discovery of electron neutrino appearance?

Open the window to study CP violation in neutrinos.
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Strength ot Force

Forces Merge at High Energies
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Test their real existence of atm. n (Reines, Miyake etc., 1960's3s



/

0

Test the solar model (1960’s) (J.N.Bahcall, “Neutrino
Astrophysics”, Cambridge University Press, 1989, page 488)
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Letter of Intent: hR Bl (RXHE)
A Long Baseline Neutrino Oscillation Experiment
using the JHF 50 GeV Proton-Svnchrotron
and the Super-IKamiokande Detector

Overview of the experiment
Physics Motivation

JHF facility and v beam
Physics Sensitivity
Additional Options
Summary and Conclusion
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Beam Window lock
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With pillow seal - . |
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s
/
a— 26mmf x 900mm
|l Valocity
;#9'3':?‘_'1-;_ . |G - 43 I.S-"f-:mr-'-;nl':luz

1 2 "

- =] e

: =54 Ti-6Al-4V

- A 58kJ/spill

full prototype delivered in Dec. '07
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Two magnets in cryostat “doublet”
14 doublets + 2 spare doublets
+ 4 corrector magnets by BNL

Transport to tunnel
Feb.8, 2008

SCFM : Superconducting Combined Function Magnet
D: 2.6 T, Q: 18.6 T/m, Length: 3.3m, Current: 7,345A@ 50GeV

6 1l doublets in beam-line, Cryogenics installation on
time.

6 Entire system will be completed by December 2008

Alignment
Apr.15, 2008

Monitor Installation

@ inter-connect


http://jnusrv00.kek.jp/jnu/photo/TS/080415_Yamada/IMG_8692.JPG�
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