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i Long baseline oscillation

Maki-Nakagawa-Sakata (MNS) matrix ‘V, > =22U i ‘ Vi>
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ePrecise meas. of disappearance Vu—»Vx

P, ~1-cos*@,-sn 226, -sin2(1.27AmL/E, )

eDiscovery of Vy—»Ve appearance
P, ,.~sSn26,-sn220, -sn?(1.27Am3iL/E,)
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eDiscovery of CP violation (Phase2)
A ~ Am; sin 20,
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iNear Detector @ 280m

>

19m¢ Off-axis (—2°)

= v, and v, fluxes
and spectra
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i Near Detector @2km

Future option to reduce systematic errors
* v, energy spectrum

for v, disappearance /\g‘ ' '\H \ ﬁ\’ j JL:LJ'I ?{
e v, background study am ﬁ §E Aa,c
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Far Detector: SK

Super-Kamiokande
s50kt water Cherenkov

— = Partial reconstruction
3 in 2002

s 47% of PMT’s(—~5200)
s Full reconstruction

s PMT’s attachment:
Nov.2005 — Mar.2006

= Water filling:

Apr. — May 2006
= Data taking:

from June 2006




v, disappearance

+

Precise measurement of 0,; & Am,; Am; <<Ang~AmB
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ELISensmwty on disappearance

0(sin?20,,)
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Discovery of v, appearance

+

V., appearance: 0,53 & Am; 4
P . .~sn?0, sn220, sn2(.27Am2L/E,)

U —> e

Background for v, appearance
e|ntrinsic v, component in initial beam
Merged =n° ring from v, interactions

Requirement:10% uncertainty for BG estimation




iSensitivity ONn appearance
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£evelopment of sensitivity
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iComparison with NOvVA

NOvA: 20x102° or 100x102°
with 50kton baseline detector T2K-1-50%1020 POT

S - P
3 ¢ Sensitivity to sin™(20,,)
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T2K phase-l1|

+

X—100 sensitivity for CP violation
= J-PARC: 0.75MW = 4AMW (X5)
s SK:22.5kton = HK:0.54Mton (x24)

CP violation in lepton sector

_Plv,»v)-P(v,—>v,) Am,,’L . sin26,,
P(v,>v,)+P(v,—>v,) 4E,  sing;

Acp

=sing;, C;;=cos6;

Maki-Nakagawa-Sakata (MNS) matrix ‘VI > — ZUli ‘ Vi>
Uy Uy, Ug 1 0 0310 O 0 s;)\(C s, O
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Hyper-Kamiokande

Super-Kamiokande Hyper-Kamiokande
(50kt, 11000 PMT’s) (—1Mt, 200000 photo-sensors)
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i Expected signal and BG

sin220,,=0.02

veapp signal (v. beam)

Very Preliminary
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i CPV vs matter effect

v, 2V, 0sc. probability w/ CPV/matter
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J-PARC/T2K: smaller distance/lower energy
small matter effect
—Pure CPV & Less sensitivity on sign of Am?



i 3o Sensitivity for CPV

*AMW, 540kt
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Summary

+

o T2K-1 experiment will start in 2009
After five years run or 5x1021 POT,
= v, disappearance

0(sin?226,;)—0.01, 6(AmM,;?)—<1x 104

eDiscovery of Vu—»Ve appearance
sSin?20,3=>0.006
eFuture upgrade as T2K phase-l11
AMW beam and Hyper-Kamiokande
to discover CP violation
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Neutrino oscillation

If neutrinos are massive,

@ . vy e m

Weak CP G Mass
elgenstates H H elgenstates

@ \v, \Vs/G ms

1 0 0 Y +¢c, O +s.,e”)+c, +s, O e 0 0

C; = cos(6;), -
Uus=|0 +Cy3 +5;4 0 1 0 -S, +C, O _ Vit =1 0 €% 0
O —S; +Cy _Siseiﬁ 0 +cp 0 0 1) % :Sm(eij) 0] 0O 1

/\ \ — v, > V.,

U /V L —295km Oscillation
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I\‘/-Iﬂre exact oscillation probability

P(v: —>1e) = 4(11325132%32 St D,, 0,
+8C.1’S,9,S,(C,C,,c0s5-S,S.S,.) cosb,, sind, sind,, CP conserving
-8C."C.C,.S,S.S,.sndsin®,,sind, sind,, oF
+45,C,(C, Gy + SJS;S; ~2G,Cs5,5:8,C085) ST @,

_8Cis 33 %3 (- 2%3 ) COSIDQ,ZSl nd,, matter effect

d—>-0,a—-aforv vu—we 2 -
®j = Am{L/4E, S;=sing,, C,=cosé,

L : flight length, E : neutrino energy,
Amy =my’ —m’, m : masseigenvalues

a:7.6><10‘5( £ 3)( E j [eV?]
[g/cm’] \ [GeV]




i—w oscillation probability
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§§nsitivity for Mixing Angle
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NOvVA Physics Reach

3 ¢ Sensitivity to sinzmeul 2 ¢ Resolution of the Mass Hierarchy
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v ./ v CC Interaction spectrum for
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Complementarily of Reactor-
Accelerator Meas.

Reactor Measurement= Pure sin26,; measurement

Reactor-Accelerator combination * Answer to
=> alot of physics potential 0,3 degeneracy
2
JPARC % SOz ;0.39
Measurement L : * |f accuracy
:& is good enough
0.04 => Sln
P(V“ g Ve) 0.03 | d |
0.02
o : Reactor
"0 00 00r o 00 o1 om om M easurement

sin® 20,



Assumption {
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Attempt to compare Double-Chooz with
K (30 discovery potential)

Double-CHOOZ starts with two detectors in January 2008
T2K starts at FULL intensity in January 2010
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Réactor experiment proposals

‘s . Braidwood

Angra dos Reis (Brazil)
Braidwood (US)
Chooz-ll (France)
Daya Bay (China)
Diablo Canyon (US)
Krasnoyarsk (Russia)

Kashiwazaki (Japan)

Daya bay

... Krasnoyarsk ; .

.".-;f-..‘-- ;,.F
i Kashiwasaki
h.--ll.

Taiwan




in%(20,,) at LBL & reactors

Am?=2.0 1073 eV?

B Systematic MINOS&
[ Correlation ICARUS& 5 ye ars
Degeneracy T OPERA

D-CHOOZ 3 ye ars

T > 5years
1
J
T CHOOZ & Solar
e:tclullz’ned[malam.)

0.003 0.01 0.2 0.05 0.1 0.2 0.4
sin? 20,3 sensitivity limit

P. Huber et. al. hep/0403068

Th. Lasserre



Gef{ju Cross section ratio

ﬂ Cross section difference

1.2

115

CCqe ratio diff

~5% $ 1.1 _

abyD /oA

1~5% @ energy window

1.05

uick rise in low energy
side = need detailed info.

.95

=» Cross section
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|ntroduction

- the 15t | Bl experiment in operation
= Powerful probe to investigate neutrino mass/mixing
= Statistical error dominant

= 12K : the 1St Superbeam LBL Experiment
= Phase-1 : 100x K2K, JPARC(750kW) - Super-
Kamiokande
= Precision measurements on neutrino mass and mixing

= Phase-Il: 100x Ph.-1, Super-JPARC(4MW) - Hyper-
Kamiokande

Maki-Nakagapg-SakaR VB spatrie [ Kidikey o Yudy thsé S0 S SP

CPV -

. J

R =0 O)f =5, 23 Re (070, ) U ; ){1 p( = }

iI<]j

L : flight length, E : neutrino energy, Ay =ny —m’, m : masseigenvalues



urrent Knowledge

Atm-v: Am,.> =(1.5 — 3.4)x 103 eV? , sin?20,,,,, >0.92

AM_ 2 =(179 = 3.0)x 103 eV? , sin?20
(SK L/E)

>0.90

atm atm

K2K : Am_. 2 =(1.7 — 3.5)x 103 eV? @ sin?20,,,,, =

atm atm

|
= Solar v+ KamLAND: Amy, 2

Am 2= 7.7 — 8.8x 10> eV?, tan?0,,—=0.33

sol™

~0.49

: (Z)Tg;irlgaatml reobahilies Nm 2K-reievant L/E

E ~Am’ -L

atm

~1 Pﬂ—>X =1- (Pﬂ—>e + Py—)r T Pﬂ—)SteriIe) ~ Pﬂ
P ~cos' f,,-Sin°20,,-Sin° ®23=SN° 20, -SiN° 23
=V, d|s.a/|£7|f)’earan§1e/2

—T

P_.~sin’#,,-sin°20,,-sin° ®»=sin’ 2¢9ﬂe-sin2 D23
= v, appéarance

P ~1-sin®26,,-sin°®da
= v, disappearance o

: sin?20,,< 0.12~0.20

O2=1.27Am’ _L/E,

3

2
1



ﬁ?, : the Last Unknown Mixing Angle

EIIDWE{ﬂ E;'G%CL}
| CHDOZ(90%CL)

104 e e T e
0 02 04 06 08 1.0

Sin%20 13
(Overlay by assuming Sin?0.,,= %2)



Sensitivity for sin220,, , Am.,,2

10'35

A[AmM,5°] (eV?)

10'4;

; | | | | | |
2 4 Am,;?[10-3eV?] 2 4 Am,;?[103eV?]

Far-near ratio 10%
non-QE/QE ratio 20%
Energy scale 4%

® Errors will be further improved by 280m measurements,
pion production measurements, and 2km measurements !



s Select NC n° events

= For OA2 5yr, 280680
(Am2—3x10 3eV?2)

iSearch for sterile neutrinos

8 500
5
S 400 y y
o 300
=g
@
Z 200
B .
© 100 |
g - WBB(obsolete!)
= . SK 22.5ktelyr
z 0 e
104 103 102 101

Am? (eV?)



Tight e/n’ separation

cosO,.: y from #° tend to have a forward

peak

E(y,)/E(y,+7y,): Large for BG
Likelihood diff. between 1-ring and 2-

rings

sknivaria
2.5

cos6,,

mass] Small&for v, 35V,
2 6| 2.5
1.5 A 2
1 3E 15
2 - 1
0.5 10 0.5
0 0 0
0 0.25 0.5 -500 0 500 0 100 200
E(y2)/(E(YL)+E(y2)) likelihood difference inv. mass (MeV)
%2 Vv 2.2% ;Ve 3.5 1 Ve
1.2 1,751 3
1 15F 2.5
0 -t 15
o i
0.2 0.25 & 0.5
0 0 0
0 0.25 0.5 -500 0 500 0 100 200

E(Y2)/(E(Y1)+E(y2))

likelihood difference

inv. mass (MeV)



T2K sensitivity to v,
appearance

Contents:

1.

2.

Effect of the degeneracy In 0,5
Contributions from 6,
with exact oscillation formula

Sensitivity as a function of CP
phase 6

Comment on resolving
normal/inverted mass hierarchy



Configuration

# eam MC: Flux04a

= 40 GeV primary proton beam
= 130 m long decay pipe
= 2.5 deg. off-axis beam

= 5 years (1041 POT/year)
= SK fiducial volume: 22.5 kt

= Event selection:
= FCFV 1-ring e-like with no decay electron

= Further cuts for n° rejection
« Ref. NPO4 Mine-san’s presentation:
http://jnusrv0l.kek.jp/|hfnu/NPO4nu/PresenFiles/sk/

= Uncertainty in B.G. estimation = 10%




%ssumption for the studies

= Am?,,, 0,, : KamLAND2004 + Solar v
Am, =8.2x10"°eV?
tan?0,, = 0.40

= AmZ,;, 0,5 1 Around atmospheric L/E
AmZ, = (1.9~3.0)x107°eV?
sin?20,, = 0.9 ~1

= Matter effect (set to be zero in this study)

a=2v2G,nE, = 7.56x10°[ev?].— P . =
[g/cm?®] [GeV]

(p = 2.8g/cm°)

= No CP violation (CP phase 6=0) unless noted



i Simplified Oscillation

= v, disappearance
P(v, > v,)=1- A4CZS.Cl-sin’ A, — P(v, = v,.)
= Vv, appearance
P(vu — V,) = 4C12381238223 -SINA,,
= beam v —2v, oscillation
P(v.—> v, )=1-4C.S,sin°A,,

assumingAms, = Amg, (Amg, = 0)



Exact Oscillation

P(v, > v,) =1-4(CACE + S - 2C,,Crs5,S5S,5 COSB) SECE - Sin? A
—4( szC223 + C122§238223 +2C,C35,55S,;€0S0) S223,(:123 -sin® Ay
— 4(C122C223 + 312231233223 —2C.,C.,S,S,S,;C0S0)
X (C122(3223 + 3_228_538223 +2C.,C,.S,S5,S,,c0S0) - n? A,

= Ve ap?ﬁe%av'l"i‘!‘&%séssg.[1+ 22 (1—2853))%%31

Am?,

T 8C123812813823(C12C23 COSS — 5,535,3) - C0S A, -SINA, -SINA,,
B 8C123C12C23512813823 SiN3-SINA; -SINAy -SINA,

+ 43122C123(C122C223 + S12232235123 o 2C12C23812323513 Cos 8) -Sin2 AZl

-8CESHSE S (1-28%) cos A - Ay,

v

a  beBRRYerd: GatillGge + b As)- 4SiCECI " A,
Am§1 = Am§1 + Arn322




Nanges 1rrom iviine-san's
rsion

Mine-san’s version:
http://inusrv0l.kek.ip/—jnurep/physics/nue/mine nue sk40qgev.ppt

= Two small bugs are fixed

= Use ‘amome’ instead of ‘amom’ in Ev, reconstruction
= Impact:: oscillated v,(CC) signal: 103 - 105 events
at sin?26,;,=0.1, Am?,,=2.5x103 eV?

= Oscillation formula for beam v, ->v, oscillation in “simple
version”

(1/2)*sin226,5*sin?A, 3 = sSin?20,;*siN%A 5
= Impact:: beam v, B.G.: 13 & 14 events
at sin?26,5,=0.1, Am?,,=2.5x103 eV?
= Change in v, 2 v, oscillation formula in “simple version”
= 1 —8iN®20,5™siN%A,; 2 1 — sSinN%20,3*Cc0s%0,3*SiN?A,; — P(v,2V,)
= Impact:: negligible effect at sin?206,;,=0.1, Am?,;=2.5x103 eV?
= Exact formulae for oscillations are included



Sensitivity to v, appearance

ple oscnlatlon)

.2
sin 2913

10 R R I R R R I R

-3 -2 -1
10 10 10 1 0O 01 02 03 04 05 06 07 08 09 1

.2 L2
sin 2613 sin 623

= Condition 1s almost same as Mine-san’s version
except for a few minor changes (see page 6)



Sensitivity to v, appearance
(Exact oscillation)

.2
sin 2913

0O 01 02 03 04 05 06 07 08 09 1
sin®20,, sin®e,,

= Contribution of 6,, terms to v, appearance

= 2.6x0.6 appearance events are expected with
“KamLANDZ2004+Solar” parameters, even if 0,5
IS set to be O.



Why, does the Am< value of the maximum sensitivity
tessin’20 change between simple and exact versions?

+8C SS.LzS.L3st(C12C23 C0Sd — S.LZS.Lsst) ) COSA&@ Matter effect = 0

i : - - - CP-phase 0 =0

@@ * 32 SZS%S 2C12C23%2 823%3 COS

When sin?26,; ~ 0.01, 0,5 = ©/4, tan?6,, = 0.4, Am?;, = 8.2x10° eV?, and E, ~ 0.6 GeV

(D usual v, appearance term: < 0.005xsin? A; p 0.005SN" Ay, +0.00248N 4,5 COSA,. +%2

() 8C335,555,Ci,Crs —8CALSESS ~0.093 ~ 0.0055siN A, SiN(A; + 25.6")
1321213 i 1223 13-12 i 3 ' :0.00275[00825.6°—COS(2A13+25.6°)]
~0.0902 ~0.0029

COSAg, -SINA -SINA,, = P g NA,;-COSA,) H %Si n°Ap, & 0.0055in" 4,5 = 0.0025(1 COSZAB)@ sl case)
io e to be included in © A and B are to be compared
but negligible (A has max. at A, = /2
@ (4S:Cx C2 Cy+4C 35282353 8C,,C, Css.tzszss_ts) SN* A, > Am?;5 ~ 2.5 x 103 eV?
~o 407 ~o 000401 ~o 026 i0.0026 has max. at A,y = 1/2 — 0.45
> Am?,53~ (2.5-0.7) x 103 eV?




Oscillation probability as a function of E,
ntribution from each term —

Plots to see the effect

described on previous page

1st term: (@) on page 9

2nd term: (2)
3 term: )

Ay, = 2.5x107° eV?
A, =8.2x107° eV?

sin®20,, =1, tan’0,,= 0.4

0=0,a=0,L=295km
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— all tfermsé
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o Progability
o
o
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©
o
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o
w
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T e, o008
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— 2nd term
3rditerm
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— 1stitermi i
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3rditerm!

E, (GeV)



Sgnsitivity with 0,, contribution subtracted

= Contribution of 8,, terms (2.6+0.6 events)
are simply subtracted from v, appearance
signals

9 estimate the senS|t|V|ty to non-zero 613

l

sin229

0O 01 02 03 04 05 06 07 08 09 1
sin2623




Sensitivity to 0,5 as a fuction of CP-phase 6
(6 ontribution not subtracted)
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Sensitivity to 0,5 as a fuction of CP-phase 6
(6

ontribution subtracted)

CP phase & (degrees)
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Comment on the sign of Am213

>0.01 - T :
= sin 2913F001
o far, VLBL experiment is considered to Hoos [- \/ ........... » g
have a capability of probing the sign of SO SR PN I N\ i B
AmZ_ 5 via matter effect. A A\ term
[ ] But’ the Sign Of phase Shift described On 0.004 : NSO SOTPOIOIOS SO S
page 9 alternates according to the sign of R N e e
AmZ2_ . and sign of cosJd. o L]
(see right figures) P 0w
0004 el
= In T2K, L :
= Am?,; is precisely measured by v, oor B £, GeV)
disappearance = \  sn29,-008
= using this Am?,;, we can estimate the size of 2™ [|"[| |/ "\ =aves
0,3 If v, appearance is observed. 0.006

« If sin?206,; — 0.01 — 0.1, we may probe the
sign of Am? 5 using the v, spectral information.

(The contribution of interference term is also 0.002 -
reasonably large around sin?26,5; ~ 0.01 — 0.1) ol

Am is < .

T2K may have a capability of probing the sign of |
(Am?,3) x (cosd), depending on the size of CP- L .
phase 5, 0,, and Am?,, E, (Gev)




events

events

Comment on sign of Am4,, (cont’d)

25 F —— Am®13 = +2.5x10° eV’
: — Am?13=-2.5x10° eV’

events

25 | Am%3 = +2.5x10° eV
: H sin28,, = 0.05

20 | 1[
15 |
M—}Hl +
S_M Spectrum
0:”, N TRHITN NI NS N N B d|fference

o '—"|Il_l—llll_llIIIIIIIIIIIJ_IIIIIIIII
0O 05 1 1.5 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
E,rec (GeV) > E,rec (GeV)
- 2 -3 2 9 8
25 Am~13 = -2 5x10° eV 8
- .2 _ (@) 6
20 E 1[ sin?26,, = 0.05 &
s = 4 F
15 F ©
. 2 b
10 :‘Jf Wl
0: -IIL.J_..IIIL._lIIIIIIIIIIIL.J_._IIIIIIIII -2 L1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 05 1 1.5 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
E,rec (GeV) E,rec (GeV)

= Reconstructed neutrino energy distributions for
positive and negative Am?,,
= Difference is a bit small to probe...
- maybe issue of T2K phase-lIlI.



v, disappearance

26x10% p.o.t

MINOS 5yrs
90% and 99% CL

06 0.7 08 09 1
For Am? = 0.0025 eV/2, sin2 20 = 1.0 sin29

O(Am?)~2x104eV?
3(sin%20)~5%

read from above plot

Expected sensitivities

v, appearance

Expected signal

Sig

OPERA |17.

ICARU |21.

N e | m

S O
Am2=2.5x10-3eV?

Full mix.

5yrs of running
ICARUS: 1.5kt fid mass




what’'s next?
. 0?7?2=]U_,|2=sin0,,2 AN, << AM3, ~ Am,

LN l | ¢“__| | m

T

un” - 2% ed?

o

—_ 2—ci 2
v — 0?7?7=|U_|*=sIn0,

mj Y - — : s
I "Wormal” hierarchy -«

} II.'II'.”-.L rTL'u'I" I'.|'.'.|_'-|.l. I .L"rll_l-.

Only unknown mixing 6,4
= Only upper bound from CHOOZ reactor exp

= At the same Am? as v, disapp. > Support 3gen. mix. framework
= Open possibility to search for CPV (6,.,,=0 - No CPV)

Mass hierarchy (sign of Am?)
CPV

Approaches
= LBL experiment: Multi purpose (0,5, sign(Am?),CPV, 06,5,Am,;?)

= Reactor-based v, disappearance: single purpose (0,3),
complementary

any



26x10% p.o.t

MINOS 5yrs
90% and 99% CL
{
000~ "07 08 09
For Am2 = 0.0025 eV/2, sin2 20 = 1.0 sin"29
O(Am?)~2x104eV?
5(sin220)~5%

read from above plot

Am® (eV?)

a1

Expected sensitivites

90% CL Exclusion

; MINOS with:
125,16, 7.4x10%pot || | @ ...
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(Ioar) aisappearance

Z@ %)
mbme&%esults 12 4

10 - - - T D S T ST
' |

LMA

= Solar neutrino
observations (SK,

SNO, ...) :

= Reactor anti-v ey~

- <]
observation
(KamLAND) o
= Large mixing! Solar + KamLAND
|u'm_l : -? I .._.I
tan"0

J.N. Bahcall et al., J. High Energy Phys. (2003)



T2K experiment

o+

Long baseline neutrino oscillation experiment
from Tokal to Kamioka.

T o .
L

£ A
—1GeViv. beam

. sk C\E_l"amr

;ﬁilm

eDiscovery of Vy—»Ve appearance R e g
12colmtries ™

ePrecise meas. of disappearance Vi >Vx [ 5
~150 collaboratafis

eDiscovery of CP violation (Phase?2)



J-PARC Facility

Materials and Life Science
Experimental Facility

Hadron Beam Facility

Nuclear
Transmutation

Neutrino to
B Kamiokande |
(25 Hz, 1MW) (0.75 MW)

| J-PARC = Japan Proton Accelerator Research Complex



i J-PARC status

eBuildings for LINAC and 3GeVPS finished.
North-east part of tunnel for 50GeVPS finished.

eFirst beam on 50GeV PS
INn FY2008




i Expected Beam Power

| |
S | |
e 10 - e
2 Expected Beam Power at 3 GeV v
Q ! / X
"E 0.8 ! 7 N
r— / 400 MeV installation
- .’ in 2008-2010
e 0.6 400 MeV b
(7))} ' on Day 1\ , / /—
Q
§o) A /
Z 04 .
- TA.
% constr
@ 0.2
LL
0.0
7
KEK S~ | JFY2007 f JFY2008 + JFY2009 = JFY2010 | JFY2011 | JFY2012
Power

Completion of Completion
200 MeV Linac of T2K




Neutrino faC|I|ty

Primary Proton —

Components beam line 2 _

) ) 50GeV i Extraction
»Primary proton beam line ring =/ point
» Target/Horns 54,37.982
»Decay volume (130m) = | + [ Target/Horns

£
»Beam dump S| |!] Decay
I volume

>»Muon monitor
»Near neutrino detector (280m) &y = Beam dump

»Second near neutrino detector W.|  Muon monitor
(~2km): future option

—> —po= [B‘_‘:;% _Qf_f: _______ 4

On=axijs

280m
=

7

B rr

(N Near neutrino
detector

' X=497
X=496,000

SK dlrectlon

Om 140m 280m 2 km 295 km



Proton beam line

,' Arc Section
7 // . 84.5°, R=105m,

/ g Super conducting
/)~ magnets Specifications
«0.75MW, 50 GeV (40GeV@t=0)
! / eSingle turn fast extraction
eCycle: 3.5 second
; [ ¢3.3x10% protons/spill
N E 8 bunches/4.2us
i\ i ec=6m MmMm.mr, Ap/p=0.31%0
Target station (e=7.57 mm.mr,Ap/p=0.36%@40GeV)




Arc section

“Combined Function”
super-conducting magnets
eMass production starts soon.

.o
ce
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.o
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ce
*e
*e
ce
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e
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X

I
Quadruple
18.6T/m




iSuperconducting magnet

Prototype magnet worked
ka)yk1//00A @5A/s -as designed

8.0  — swithout quench
i T
7.0 /—50GeV(7345A) 2.68T
/ 204 2. 19.0T/mp= 2
60 SR | -""'”"'""I-""-“”""”"" 7~ \‘ } f f f f f f f f \
} | b2.5— . L—/
50 f®) i®)
Q) 2.0 - -
q) 1.5 —
3.0 ° @7460A =
= Y a
2.0 / | sl — o
B2 s 2
1.0 / Manual 8,
0.0 -3 Shut dOWﬂ_’ 0.0 1 | | | | =t 0
TI me 000 =000 positi(;icz::‘n) %0 °
15:00 1616 Position (mm)




* Target and horns

iy me ePrototype inner
conductor for 3rd horn

Graphite target in 1st horn

3 horns made with Aluminum
Water cooling test for horn finished
«320KA pulse current test in this year

ePrototype inner & outer
conductor for 1st horn



Target

eCarbon graphite target: 3S0mm((D)x900mm(L)

2 interaction length (70%0 int.)
Energy deposit: 58kJ/spill

Energy deposit in the target (/ 1 spill) J/g

180

o 10 20 30 40 50 60 70 80 90 Cm

eCooled by He gas at outer surface
(640W/mM?K achieved)

160

395

500

Walnzity
[virpmries

Simulated
streamline of He gas

Prototype of target
and cooling tube



Off-axis beam

- : : Super-K. e OscProb.=
First Application b oo ENH sin?(1.27Am2L/E )
(ref.: BNL-E889 Proposal) 5 o4 _J_y" \“‘RH
Target Decay Pipe 2 ~ E R S DS B
—» o B H-13500 @ AM2=3x10-3eV?
All:oi_ns - 3000 - L=295kM
> * OAOQ°
8 2 [ 2500 -
11 E I
> 2000 -
L] 8 |
06 1500
M 1000 -
02 CAB 2.5 degree |
C OAB J degree
o0 Dl b b b b b b L 500 -
OOD 1 22 3 q 55 B 7 8 9 10 L
P, (Gev7/c) " 05 1 15 2 25 3 35 4
eDetector is intentionally Statistics at SK eV
misaligned from WBB axis (OAB 2.5 deg, 1 yr, 22.5 kt)
eQuasi Monochromatic Beam ~ 2200 v, tot
*x2—3 Intense than NBB ~ 1600 v, CC
-Tuned at oscillation maximum ve —0.4% at v, peak




Decay Volume

"

50m Constructed

* b il o

v e OA30°
Target Station \ Decay Voly
me Nllom / DUmp
Cross section:2.2m(W)x2.8m(H) 3.0m(W)x4.6m(H) _

eCover Off Axis angle : 2°—-3°

eSguare box shape pipe made with
water cooled iron plates
(T<60°C at 4AMW)

eFilled by 1atm Helium gas




i Off-axis beam at SK/HK

Decay pipe DV center
ecommon Off-axis angle for §K/ T
ecovers 2°0—-3° e

0.784

Off-axis / Off-axis
for HK | /"y for SK
oot - |
W ,
Best Fit 3.43° - 3.11° (OAB2° beam axis)
(OAB2.3° Beam Axis) 3.64° (OAB25° )
IO 4.16° (OAB3° )

# 3.1: E, at the oscillation maximum for the baseline length of 2905km and corre-
sponding off-axis angle.

Am? 2.04 2.18 2.75 3.17 3.28
[107%eV?]  (90% A.R.) (80% AR.) (bestfit) (80% A.R) (90 % A.R)
E,[GeV] 0.487 0.520 0.656 0.756 0.782

OA angle[deg.] 3.1 3.0 2.4 2.1 2.0
N— 7
Y

Cover this region



Civil construction of DV

Oct. 26, 2004

wr
/7

Sep. 2, 2004 A,

£

& -.',-,i* } Uk “-1Irﬂ'l ..#.Iﬂrh e -.-if;:\..-..-.

i ]
/45y :
“ v\ .




Beam dump & Muon monitor

Muon monitors
espill-by-spill monitor of
beam direction/intensity

beam | elonization chambers
—> e 1 SRR  +Silicon or Diamond
NEE] | ' Detectors

-Beam dump
_~Graphite blocks—"
with cooling &

modules

eCopper blocks— ]

with cooling path
aL 4AMw

35.5858




Neutrino detectors

Oom 140m 280m 2 km 295 km

» Near detector @280m
« Neutrino intensity/spectrum/Zdirection
= TWO detector systems for on and off axis.

s Second Near Detector @2km
« future option to reduce systematic errors
= v, energy spectrum and v, background study
with almost same condition as for SK

s Far Detector @295km: Super Kamiokand

= at session 5 of WG1 on June 23



i Schedule of v beam line

Near detector
econst.: '07—'08
elnstall: '’08 |

Beam dump &

half of Decay vol.
econst.: '07—'08
elnstall: '’08

Target station
econst.: '06—"07
eI nstall: 08

i |
|

)
B

i

2,

A \WE&

3 AN
I LN ko3RI
FARY 2 -1 QA
) 51 w&ﬁ
2005.4-2007.3 o *
- I 2
W 2006.4-2008.3 Buildings 3 ;)w”ﬁ‘m*
N 2007.4-2009.3 =Const.: 07 ¥
T s ] I = Ul ]'
2004 2005 2006 2007 2008 2009
Istyr 2nd yr 3rd yr 4ath yr Last yr H21
4 |7 |10 |1 7 |10 7 |10 7 110 (1
Decay Volume | =
Primary Beam Tunnel 4
1st Util. Build.(NU1) ol
Installation Build.(NC) © E
TS (underground) =
TS building 7 ol
TS instrumentation/ test X
operation )]




