K2K, T2K
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T. Nakadaira
(KEK)
For T2K collaboration
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Neutrino 2006 Talks on Oscillation exp.

K2K (1999 - 2005)
“K2K Cross Section Measurements”, R. Gran

T2K (2009 - )
“T2K and beyond”, T. Nakadaira

CNGS (2006 - )

*CNGS”, C. Sirighano

Nova (2010/20117? -)

“Future Experiments (NOVA)”, P. Shanahan

Other future experiments
“Superbeams (physics and expts)”, B. Marciano
“Neutrino Factories & Beta Beams”, L. Camillieri

c.f.
“*Secondary Production (HARP, MIPP, E910)”, G. Mills



K2K & T2K LBL v experiment
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K2K Cross Section Measurements

Rik Gran

U. Minnesota Duluth, U. Washington

For the K2K collaboration

NC single =0/(All CC) in 1KT Cherenkov detector
CC-Coherent Pion Production in SciBar detector
MA-QE from shape fit to SciFi detector data

. Final results from mu-disappearance and e-appearance)



Motlvatlons
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% | + ] oscillation parameters from
T i . 5 nu-mu disappearance
E/° GeV nu-e appearance experiments.

K2K oscillation result



K2K beam and near detectors

98% pure v,

vy energies
at the K2K
hear detectors

beam  target materials: HyO, HC, Fe

SciFi Water Target

14
12
10°F

¥ Water Cherenkov

er-Kamioka

Detector

o N h o




NC single ®0 in the water Cherenkov detector
V+N—->Vv+N+7m0
Neutral Current (no muon),
recoil proton below 1 GeV/c threshold (no proton)

700 [ . .

'Reconstructed invariant mass (MeV)
S —— T —— i
PO e B 800 - —> <=
E o LT “,nfé : i D
T 500 - EH’
Q o .t
Pl 400 - O
DRSO I - ¢
St * ]
Sieomn e 200
H H ]

i -
Typlcalnocandldate s T o i

0 50 100 150 200 250 300
has two electron-like rings with the right invariant mass



NC single =0 fraction result
After efficiency

and background signal in 25 ton fiducial volume

corrections (3.61%0.07 stat £0.36 syst) x 103
Create ratio with

single-ring L o
muon-like events all muon-like in 25t fiducial volume

as the reference.  (5.65%0.03 stat +0.26 syst) x 104

NCan/u ratio at <Ev> ~ 1.3 GeV

= 0.0064£0.001 stat+ 0.007 syst.
(Prediction from our MC = 0.065)

Major sources of systematic error:

DIS model dependence 5.6% NC/CC cross section 3.2%

Ring counting 5.4% e-like ring particle ID 4.2%
(In mu-like denominator only: vertex reconstruction 4%)

S. Nakayama, et al., Phys. Lett. B 619 (2005)



CC coherent pion selection

K

Resonant pion production
proton

is scattering from nucleon Vv

Coherent pion scatters
from entire nucleus.
: \ T
No recoil nucleon (see only u- and mt+)
Very low momentum transfer (low Q2, low angle).

vV

Several recent experiments see disagreement
between data and expectation in very low Q2 region.

Does CC coherent pion contribute to disagreement?



M. Hasegawa, et al.,

CC coherent pion results Phys. Rev. Lett. 95 (2005)

e

120 _L
80

40

%0

Mesurement
relative to
all CC events

Compute

Ble

f

CFC(:coh’n

Data

CC Coherent pion
CC1n,DIS,NC
CC QE

02 04 06 08 1
a9z, (GeV/c)?

Gallcc

upper bound OGallcc

Select the 113 events
with Q2yac < 0.1 (GeV/c)2

Coherent Pion content expected
21.1% efficiency 47.1% purity

= (0.04+0.29 stat tg:ggsyst) X 10-2

Occeohn < 0.60 x 10-2 (at 90% CL)
This is ~30% of Rein-Sehgal model

Largest systematics: OReconant Pion @Nd pion reinteractions in carbon



Axial mass and shape of Q2 distribution

Absolute
Quasi-elastic
Cross section

(includes normalization)

This analysis: Shape Only

Measure Q2 for each event
still assuming QE interaction

2 2
Q'=—2E (E,—p,cosO }+m,

— 2

o

GaVic’
(=
o

cmzft

-3
.1110.1
= N b O

do/dq

1.25 1.5 1.75

Qx(GeV/c)?

a 025 05 075 1

125 15 175 2

QAGeV/cy?



Reconstructed Q2 for subsamples (after fitting)

1800
1600 One-track events

/
1200 M p 3. e-.=.-J(;'.'et:n‘ecaf
1000 : - I
- Fit shape of signal LL

Subsample division
(as in slides 9 and 10 but no PID)

08 1 12 14 16
K2K-l one-track Q (GeV/c)

120
‘|“—— Two-track QF | **°F L ~85% nonQE
100 300 (mostly single-pion)

250 == Constrains relative size

200 L of nonQE background
150

100/ =

0 02 04 06 0.3 1 1.2 1.4 1.

04 06 08 1 12 14 1
K2K-I two-track QE Q" (GeVic) K2K-I two-track nonQE Q7 (GeV/c)’



Results for effective Quasi-elastic Ma on Oxygen
Ma = 1.2020.12 GeV 2 =261/235 dof) shape only

Can be compared with Deuterium bubble chamber results
(primarily also shape fits) with older vector form factors
K2K result MpA = 1.23%0.12 Deuterium Ma ~ 1.03%0.03

Most significant errors: Our data has a
Muon momentum scale 0.07 flatter Q2 spectrum
Relative flux and normalization  0.06 than MC prediction
MA 1n 0.03

relative nonQE fraction 0.03 K2K default MC
Nuclear rescattering 0.03 uses Ma=1.1 GeV

Statistics only 0.03 dipole vector form factors

RG, Jeon, et al., submitted to PRD, hep-ex/0603034



Final neutrino oscillation results
using the K2K data

v, disappearance (hep-ex/0606032)

HARP hadron measurements
for new far/near extrapolation

Updated Super-Kamiokande reconstruction

Electron neutrino appearance analysis
now uses entire data set.
> ‘K2KIZBIHBEF=a—M)/HEREDIFER", ILKAET
(Other smaller refinements)



A Review of Secondary Production

Measurements for v Flux Determination:
E910, HARP, and MIPP

Motivations

Experiments

Results & Implications
Qutlook

Geoffrey Mills
Los Alamos National Laboratory

17 June, 2006 Geoffrey Mills



CERN/HARP Apparatus

400 M Triggers 1.5/3/5/8/8.9/12/12.9/15 GeV/c Beam

H/D/Be/C/N/O/Al/Cu/Sn/Ta/Pb Targets (5%,100%)
plus MiniBooNE and K2K runs

drift chambers _ time-of-flight

HARP

PS 214

TPC + BPCs in }
solenoid magnet

threshold Cherenlov
dipele magnst

FTP + RPCs

17 June, 2006 Geoffrey Mills

12



‘Directly applicable to K2K’s results
(See Richard Gran’s talk)

*K2K’s oscillation result is mostly
insensitive to this because they
measure a near/far ratio

Nucl.Phys.B732:1-45,2006
hep-ex/0510039

17 June, 2006

)

HARP Results: 12.9 GeV/c
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K2K Near/Far Ratio

Predicted Flux Shape Predicted Far/Near Ratio
— 0.5 —— T
;] [ ]
= 04 | ] 'é--a 2.5 [
E 0 | —J,' _"'*"__ Near Detector _ E - —C— HARP Measurement
§ I 0 - | & | Pion Monitor
5 . ] z 2 L
3 0.2 !| - 5@ - Cho-CERN Compilation t
0.1 - ] =) Near/Far Ratio T
. | —— 15 - &
0 2 >
E,(GeV) e
_ 05 . .
4":1 —0— HARF Measurement I 1 — : 7]
; 0.4 _g :::c:.-;:;ll:ol.;ompilation E
[ 0.3 5 Far Detector [ ]
g - l_—J[:— — 8 05 | -
02| | : ] [ _
] [ i —>
01 f—i— - | | |
ui Ul] 1 2 3
0 1 2 3
E,(GeV) E (GeV)

Neatr/far ratio errors are greatly reduced with the inclusion of Harp Data

17 June, 2006 Geoffrey Mills 19




Final v, disappearance result

. . 4 K2K final result
All neutrmoevents|nSuperK+92 =10 T T
Observed 112, expected 158 ;. 3 |
18 . .
Em | 58 events] 107 :
S f fully-contained: : ]
w14 : .
£ | 4+ single-ring ; _
12 ik a-
32| muon IlkeE 0l :
10 - no osc. shape’ : :
8 I - best fit shape : —gg;/g
6 I : 104' 99%
4 f ] 0 025 05 075 1
: : sin®(26)
z E_ 1 + | I T S T I AR T A + _E
0 1 2 3 4 5

Ey’ GeV
Ahn, et al. sub. to PRD hep-ex/0606032



Final v, disappearance result

All neutrino events in SuperK
Observed 112, expected 158

, 18— :
& | 58 events ;
S | fully-contained:
w14 ) ] :
£ | e smgle-rn_’lg :
s12 | muon-like-

10 - no osc. shape]

8 - best fit shape:

6 | '

4 |

L "

e I T 4

5

e v 19X103<Am2 <3
Ahn, et al. sub. to PRD hep-ex/0606032 B€st fitin physical region 2.8 x 10-3

- (zoom in from previous slide) |

=2

|
|
(8) ]
[zA® ¢.01] ;wV

— K2K 68%
—_— K2K 90% g
[ — K2K 99% 11
———— SK L/E 90% :
02 04 06 08 1

sin?(20)
Maximal mixing 90% CL
1.9x 103 < Am2 <3.5x10-3 eV2



T2K and beyond

T. Nakadaira
(KEK)
For T2K collaboration

©




Physics @ T2K PHASE-I

v MiXing matrix: 6,,<< 0,,, 0,4
[1 0 0 J cos 0 sin¢913 [003912 siné,, OJ
0 1

vV, Vi
Flavor B : . Mass
eigenstate v, |90 co_s@23 sin 6,, | | 0 —-sing,, cosd, O0]]|l v, eigenstate
v.] \0 -sin@,, cos@, )| |-sind.e™ 0 cosd, 0 0 1)\,
SK Atm., K2K, MINOS  6,,,8 are still unknown. Solar, KamLAND
0,5~ 45° 0,,~ 34°
Am?,, ~ 2.5 x 103 [eV?] AmM?2,, ~ 8x10° [eV?]
T2K-I searches for v = v.. s EFpEees
E
P(v, >v,) zsin22¢913sin29235in2(Am231L/4E) JRs
10 o sin%20,,=1
P4J, sin 5(Am?x1L/2E Jsin?(AmZs L /4E )+... =
_ for/\: \ (Approximation @ Am?,,L/4E ~ nn/2, Am?,,~Am?;,) Qo
—_ _ - - 2 . -3 P R
+ for v J, =€0s ), Sin G}, COS O 5in yy COS~ O3 8in 6, | e
: [IPalo Verde 90%C.L.(v,—v,
Size of CP asymmetry depends on 0 ,,!! I SORGL 1, )
Matter effect is small in (E , L) in T2K. it
0

0.2 0.4 0.6 0.8 1

AM2 =Am?,.—Am?;, ~ 2.5x103 [ev]> sin?26,, < 0.15 20,



Principle of T2K ... Quite similar to K2K

Extrapolation SK
CDVND > (Dv (expected) |
T Comparison

= v oscillation
parameters
measurement ——> NVSK, EVSK

Am? = ~2 5x103[eV?], L=295km
—> 15t Oscillation max. @ E, ~ 0.6 GeV

Use Sub-GeV v, beam
CC-QE is dominant process in v-N interactions.

Neutrino Energy reconstruction by CC-QE kinematics ... 0E/E ~ 10%

\Y %eelv E — mNEI_mIZ/2

> O """"""""" 1%
neutron e proton my —E, + p, cosé,

Fraction of high energy v (Ev ~ a few GeV) is required to be small.
CC-non QE events are background for Ev reconstruction.
n? from NC events are dominant background for v, signal.

v %ﬂ:,... v /

—— = — > @
neutron e proto n,p et =3 y>e

23



Japan Proton Accelerator Research Complex

T .

Nuclear and Particle Physics Experimental Hall

400MeV LINAC (ZOOMeV@T 0)
> 1MW 3GeV RCS
> 0.75MW 50GeV MR (30GeV @ T=0)

1x10%! protons/year (130days) [in 50GeV operation.]
c.f. K2K: ~1x1020 POT(6 years including 1 year interruption)

@ Joint project by JAEA (former JAERI) and KEK @

24



J-PARC v-beam line

Conventional v, beam:
protons + Graphite target — pions

n*t or - is focused selectively

by 3 electromagnetic horns.

> ut+v,0r T Ut +V,
Pseudo-Monochromatic beam
by Off-Axis method: (OA = 2° ~ 2.5°)

Set peak of ( flux x o) @ oscillation max.

Fraction of high energy neutrino is small.

Oscillation Prob. -

g0° @ L=295km
g AM?=2 5x10°,
oy 3.0x103[eV?]

(flux x Cross Section)

OAQ°

Q‘fg/;/ Installation Building
A ! —— (NC)
s : 5
g 7 2~ Target &horn
S ff | .
@0 III- L'_________ Target Station
% ;;I | | T
gl ‘ <+ Decay Volume
w::i.:\\\ '-Illlllll'.:I II ‘ %
& Lyl |8
RN i
AN 2 S= Beam dump
PN = -
NN s LL-MONItor
\E\T;?\E\\\ Building an EITEr]
\\\‘\:\&“
280m| OAY,_
f‘»‘j@. v Near Detector
A
\\/4 I > 8P |00|(m)

"
i
| N -,
o
Final Focusin -
echio T
= \.\\
. X
Hr o s 8
it s Lt .
\ Ty A
-\.. \-"
oy
x

e __%ﬂ
T preparatio 5

SN
o

Extraction point
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uction status

erator constr

e !

idﬁ'of:' T

50 GeV Tunnel

v-beam:line
Decay Volume =

=& -t

Problem in RF system for MR:
Some of the RF cores discharges with 15kV/gap in long term tests.

< The failure components have already been identified.
* The MR commissioning will start with current RF system on schedule in low power.

* The parallel R&D work is in progress aiming to replacing RF system around 201026




Superconducting combined function
magnet for Proton beam line.

First module of production version
Cool down test (4.6 K)

Excited to 7728A (50GeV operation+5%
margin.) w/o quench.

Mechanical Prototype of
Graphite Target

Enough thermal shock resistance
against 0.75MW beam.

He-gas cooling system is
constructed.

Prototype of 15t Horn =</ _
Test operation with 250KkA current
So far, There is no problem up with this test. 27



J-PARC schedule & Beam Power estimation

Calendar Year

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

I I I [ I I I I I
Accelerator Construction - Accelerata
‘ | Linac

2001~

Commissioning 3GeV RCS Linac 200 —» 400MeV
50 GeV MR
s z 50GeV Slow Extraction
v-beamline Construction {:} T2K Physics r

R v-beam Commissioning
R B SK reconstruction : ;

- ©—- RCS power (Baseline operation scheme)

—— MR power
—&— MR power
—*x— MR power
—X— MR power

Baseline operation scheme)
# protons/pulse x 2)

# protons/pulse x 2, Rep. rate x 1.5) S _-—A
# protons/pulse x 2, Rep. rate x 2) ' ‘

P~~~

e recemmerecsasnssssnenanessnanssnnacnsanneasasannaransssnnscssrssnscs () [OONVV cccrecsme e ceedecesterccnnnnanas

Hardware upgrade is
necessary for >1MW. %

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Japanese Fiscal Year (Apr. ~ Mar.)

)

Target date for new RF system installation.

W

N
Beam power (MW)

28



v Near Detector @ 280m

O
On-axis detector D
Measure v-beam profile i D\D —— .\\\\
- v-beam direction at Imrad precision. S %\\o\\\%
uni \'
iron - scintillator stacks x 14 units m © ;’\%@‘\
[] AL

am

Off-axis detector: In Magnet (B=0.2T)

Measure v-flux in SK direction : @ NP(E).  J5ee
Measure v, v, and v t+v, fluxes separately. ...
Neutrino Energy € CC-QE kinematics. coils

Cross sections of v interactions
CC-1n/CC-QE ... BG for E, reconstruction
NC-n® production ... BG for v, detection v beam

Tracker

Pi-zero

SMRD Detector
Reuse of UAL magnet 2°



Far Detector: SK-II|

50kt Water Cherenkov detector

SK reconstruction is completed in Apr. 2006.
— Back to 40% Photo

e

Ready for T2K !!!

AMI

KA
OBSERVATORY




Prospects in T2K Phase-|

v, appearance

!:,w @ SK (sm 20,, = 0.1, Am*=2. 5x!ﬂ3)

T2K 90%CL sensitivity

sin?20,, = 1.0 is assumed.

1 5><1O21 POT ~5 years@ full |nten5|ty

e
8 - . —
E [ -\— Expected signal + BG N;
2 - - <]
% 40 - Total BG i
l?‘ : — BG from v )
[ - 10
0F sin?20,,=0.1 |-
- # of events
i in 0.35~0.85 [GeV]
“T Signal ... 103 . 0
I Beam v, BG ... 13
10 '—][ + BG from v, ... 10 1
: 5x10% POT MC
et e b L L ot
%00 1.0 2.0 3.0 w0 50 10° 10° 10° N
Reconstructed Ev [GeV] Stat. error Sin20,,

+ Syst. error for BG subtraction (10%) 31



Prospects for T2K Phase-| (Cont’d)

v, disappearance : P(v, > v,)=1-sin?0,38in%(1.27 Am?,,L/E)
Goal : 6(sin?20,,)—~0.01, 3(AmM?2,;) <1X10* [eV?]

K2K final result

gt KeKfinal resutt
: | Statistics x50 T2K 5x1021 POT (Stat. only)
107 ——— ~ byears @ full Intensity
J =S (0A2.5°)
“l 6 N MC
— 4 S it Sl e
] — 00% mﬂ) : : :
05 % 05 D-#Esin?{i‘;l‘\.g B @
H --68%CL [t
- --90%CL
K2K 68% ] 5[
: K2K 90% : \ 1 111 | 1 1 11 1 1 1 1 1 1 1 1 1 111
1L K2K 99% ] 0.98 0.99 1 1.01 1.02
f SK L/E 90% ] sin? 20
K2K ... hep-ex/0606032 02 o4 o5 08 1
SK... Phys. Rev. Lett. 93,101801(2004) sin“(26) 32



Intermediate detector @ 2km

P —y ,—E 2 50 Far Detector
Target (SK)
Near Detector
Om 280m 295 km

E, spectrum @ 2km

~ E, spectrum @ SK w/o
oscillation
- Uncertainties from Far/Near
ratio Is smaller than ND@280m.

Possible Detector configuration
Liquid Ar TPC R°
Water Cherenkov

Same target & v reconstruction
algorithm as SK

Facilities for 2km is to be requested in Japan

Muon Range Detector after the commissioning of J-PARC facilities.
33



Beyond T2K-I



Possible upgrade: T2K Phase-l!

If 5in?26 ,, measured @ T2K-I > 0.01, it paves the way for v CP-violation
search.

J-PARC upgrade: 0.75MW - 4MW
SK (50kt) - Hyper Kamiokande (HK): ~1Mt Assumptions:
Proton decay search: test of GUT. Am,,2=6.9x105e V2

: . Am,,?=2.8x103eV?
Comparison between v, and Anti-v, beam. 6,,20.504.6, ni4

— v 1/ 2 1
Plv, >ve) P(‘iu - ‘ie) o By 15 Sy 3o sensitivity (4MW,540kt)
P(v, > v,)+P(,>v,) E sin g, v-run=2 year, V- run= 6 7year

>
>

Acp =

~ &oul CHOPZ extluded o
o @ : sin22313<0 12@Am3 ~3x10 3eV2
) 0.12 [
L ho BG S|gnal stat: only |
< O1p (S|gnaI+BG) stat only
= ol b stat+2%syst R
] = . | stat+5%syst
— O, 006p ~/-stat+10%syst.-
=l @ B . Tt it
D1 gogf - —_—
< g e -
& SN2 SN [ S S N S S
9\ ‘ ‘ . ‘
LS G \ S e
= w OO 0.1 0.2 03 04 05 06 07 08 09 135

sind



T2KK .. Another far detector @ Korea
B 200 N o r

— ‘h
ﬂi

w;gm «f r -axis dngle Voo | S R g |
Far detector identical with (SK)/HK @ 2nOI Oscnlatlon MaX|mum point.
Contribution of CP asymmetric term: x3 compared to SK position.
Matter effect become significant. - Possibility to resolve mass hierarchy

- M. Ishltsuka et. Al
Hep ph/0504026

B:IIIIIIIII1FIIIII;‘FUI;IG;Li[:a;L:II} IIIIIIIIIIIIIIIIIIIIIIFIIFlllil- _
e eees E %06 GeV (Nomal) . ) sin22913:O.05 . v, =3y
6 E = 0.7 GV (Normal : : = v, 3 :
= F E = 0.8 GeV/ (Nomal) 11§ 0~21 c R b v
SSE I Elieovimenids [ = v S v
s L ' 4 T (@) “ ]
=" 4 0.7 GeV (Inve - [ I’1""'1“'::
g‘ E 0.8 GaV (Inverted - . . :C ﬁm,f :_ \.ré"
= °F If & Is suitable, " -
£ s A1 itmay possible . #w L.
ﬂ:lllIIIIIl!lIIIIIliIIIIIIl!lIII |||. ily I J - ;' 3 jLﬂHT”‘
ﬂ123455?ﬂ12345573tOdIStlngUISh 1 am, . ag
A

Pv>v,) [%] Vi & v,
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Status and Prospects of
the NOvVA Experiment

Peter Shanahan - Fermilab
Neutrino 2006
June 17, 2006 - Santa Fe
For the Collaboration

e
E



= Introduction
e NOVA: NuMI Off-Axis ve Appearance

® Study vy—Ve :
» search for sin?(20;3) with a sensitivity a factor of ~14 beyond current limits
» sensitivity to Mass Hierarchy for a significant fraction of parameters,

» search for effect of CP violating phase o

® Two detectors with a 810 km baseline using the NuMI
Neutrino Beam from Fermilab

e Near and Far Detectors optimized for ve charged-current
detection

e [.ocated Off the Beam Axis for Background Suppression

NOvA - Neutrino 2006 P. Shanahan - Fermilab Santa Fe, June 17, 2006



[Location

N

® Optimization: Maximize |-~
sensitivity to Mass

/ ‘International Falls '\

Hierarchy g Lol
&34'gttlefurk - ‘ @-_.___1_
. . - . . ! L) A h R-
» Maximize baseline within U.S. |/, .~ [T |8

- 810 km from Fermilab

» Optimize off-axis location: 12
km from beam axis

Falls

» Ash River, MN

: b
Minneapolis

Far Detector: 25kT [15.7x15.7 x 110 m3!
(18.25KT Liquid Scintillator in PVC cells+tWLS+APD)

Near Detector:
Liquid Scintillator + Muon Catcher (OA 4 — 21 mrad)

P. Shanahan - Fermilab

Fermilab

M.

NOvVA - Neutrino 2006

N : hett Lcdu:]°
Koochiching \ r StiFo
StFOF, ‘ 23] o
[ Opf.
Iy T
/

Boloaaas |
West:Lake

JMine Centre CaltiiLake

Voyageurs

National Park  quetico Lake

(shaded brown)

Santa Fe, June 17, 2006
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2 History/Schedule

e April 2005: Fermilab PAC approval
e April 2006: DOE CD-1 recommendation

» “Approve Preliminary Baseline Range™

» Conceptual Design Report

® Upcoming Reviews:

» Late 2006/Early 2007: Review for CD-2 (“Approve Performance
baseline™)/ Technical Design Report

» by Oct 2007: Reviews for CD-3 (“Approve start of construction™)

® Detector construction and running

» Start Far Detector Assembly in late 2009- start data taking with
first 5 kT in late 2010 complete 1n late 2011

NOvA - Neutrino 2006 P. Shanahan - Fermilab Santa Fe, June 17, 2006
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36 Sensitivity to sin?(2613)#0

e Advantage to equal v/v running:

2

d ()

1.8

1.6

1.4

1.2

1

0.8

0.8

0.4

0.2

0

NOvA - Neutrino 2006

» More consistent reach in sin*(2613) vs. & and mass hierarchy

3 o Sensitivity to sin%26,;) # 0

[ NOvA L =810 km, 25 kT
o Am,,2 = 2.5 107 oV*
sin“(26,,) = 1
v only
- 60.3x10% pot
~ All v runniing
E — Am?> 0
- Am?< 0
107 107

I -1
10

sin?(20,,)

o (m)

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0

6x102POT: 6year, 25kT, LMW beam

T - 2
3 ¢ Sensitivity to sin“(20,) # 0

[ NOvA L =810 km, 25 kT
i Am,.2 = 2.6 107 oV
sin(20,,) =1

3 Equal
vandV

- 30.2x10% pot

O for each vand v
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The CNGS project
and
OPERA experiment at LNGS

Chiara Sirignano (Salerno University)

for the OPERA Collaboration

Neutrino 2006 Santa Fe, June 13-19%2006



Oscillation Project
with Emulsion tRacking Apparatus

International Collaboration (Europe + Japan)

B0 iHE (ULB-VUB), Brussels

Sofia

"8 |HEP Beijing, Shandong

== |RB Zagreb

I 1 LAPP Annecy, IPNL Lyon, LAL Orsay,
IRES Strasbourg

Berlin Humboldt, Hagen, Hamburg, Minster, Rostock
Technion Haifa

GRAN SASSO il Bari, Bologna, LNF Frascati, L'’Aquila, LNGS, Napoli,
Padova, Roma La Sapienza, Salerno

LIRS Aichi, Kobe, Nagoya, Toho, Utsunomiya

Bl INR Moscow, ITEP Moscow, JINR Dubna, Obninsk

Ed Bern, Neuchatel, Zurich

METU Ankara

* Long baseline experiment

= CNGS pure v, beam, <L> = 732 km, <E> = 17 GeV
= Appearance signal v, —» v, (by product v, - v, )
e Hybrid setup (Nuclear Emulsions + electronics)

e Atmospheric neutrino data allowed region oscillation seaifh



v, —> v, oscillation search

T decay Signal Background

channel Am? = 2.4 x 102 V2 Am2 =3.0 x 10%eV?

o 3.6 5.6 0.23

T e 4.3 6.7 0.23
t—>h 3.8 5.9 0.32

1 3h 1.1 1.7 0.22
ALL 12.8 19.9 1.0

full mixing, 5 years run @ 4.5x10'° pot / year

Main background sources:

—charm production and decays
- hadron re-interactions
- large-angle muon scattering in lead

in lead

45




/00 m 100 m 1000m 67 m

Helium bags Decay tube Hadron stop Muon detectors
Target /' Reflecto r
Horn < *
i e S = =l Pion / Kaon z
Proton =4 7
beam 4
i

Tunnel SPS

Proton beam
winnel (TT41)

Civil engineering completed (June ’03)

Hadron stopper and decay tube installed (June 04)

Target section completed (commissioning July “06)




GA/PC/CR B/8/06
2006 Revised Accelerator Schedule
Approved by Research Board 7 * June 2006

SPS Physigs start Linac3
EAST Hall _ y Restart LEIR re-start
AD Physics start
July/ { Aug Sep

Wk 27, 28 29 30 Kl 32 33 34 35 36 7 38 39

Mo Int. tests El%gi Int. tests Int. tests

— ::5::_:__.::5:3 LSS58 res

We 5

Th :-5:'L- i L5586 Jeline .

Fr

Sa

S5u TI3 tests

it oni SPS 25 ns operation
PS lon Commissioning
start AD stop proton stop CTEStOP  ith reduced cycle length
Oct | Nov \ Dec /

Wk 40 1 42 43 44 45 46 47 48 49 l 50 5 52

Mo 27 4 / 1 18 26

Tu ‘% B I

We @ % g

I B c /

Th L SS4/6 % G

Fr g v

Sa ©

Su Tigtests [LSS4/6 res
- Dedicated PS MD E weeks with AD physics operation
[ SFSMD | Dedicated SPS MD E AD setting up
[ PSion | Dedicated beam for PS ion commssioning
[[ENGS | CNGS Physics (Oct 19 - Nov 7 subject to experimental status)



Detector construction status

Magnet 142

HPTA 1"6 , ,
May'03-Apr‘05

XPC, 182

Electronics
Jul'0O5-Jun'06

Mechanical structure

Mar '05 Mar'05-May'06 |

:'———_
T‘--; P .

i

M1 Target
Dec’'05-Nov'05

SM2 Target
Jan-May ‘06

XPCg1s2 |
Completed

&

May'04-Jul'05

Jun-Dec
06







	K2K, T2K �および �将来のニュートリノ実験
	Neutrino 2006 Talks on Oscillation exp.
	K2K & T2K LBL n experiment
	T2K and beyond
	Physics @ T2K PHASE-I
	Principle of T2K … Quite similar to K2K
	Japan Proton Accelerator Research Complex 
	J-PARC n-beam line
	Accelerator construction status
	n beam-line Construction is going well ! 
	J-PARC schedule & Beam Power estimation
	n Near Detector @ 280m
	Far Detector: SK-III
	Prospects in T2K Phase-I
	Prospects for T2K Phase-I (Cont’d)
	Intermediate detector @ 2km
	Beyond T2K-I
	Possible upgrade: T2K Phase-II
	T2KK … Another far detector @ Korea
	OPERA magnet assembly

