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JHF Neutrino Working Group

ICRR/Tokyo-KEK-Kobe-Kyoto-Tohoku-
TRIUMF

Y.Itow, T.Kajita, K.Kaneyuki, M.Shiozawa, Y.Totsuka (ICRR/Tokyo)
Y .Hayato, T.Ishida, T.Ishii, T.Kobayashi, T.Maruyama, K.Nakamura,

Y.Obayashi, Y.Oyama, M.Sakuda, M.Y oshida (KEK)
S. Aoki, T.Hara, A. Suzuki (Kobe)
A.Ichikawa, T.Nakaya, K.Nishikawa (Kyoto)
T.Hasegawa, K.Ishihara, A.Suzuki (Tohoku)
A.Konaka (TRIUMF)

(http://meutrino.kek.jp/jhfnu)

Dec.99: Working group formed.
Mar.00: First Letter of Intent prepared
Jun.01 : Updated LOI released(hep-ex/0106019). Int. WS held.




JHF project and neutrino beam line
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Overview of experiment
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Physics Goals

Test our current picture of 3 flavor neutrino oscillation
=> hints on physics beyond the SM (GUTs,...)

1. Discovery of v, appearance (0,;,>07?)

Appearance of v, at the same Am? as v, disappearance
Open possibility to detect CPV effect in lepton sector

2. Precision measurements of ocs. params.

v, disappearance(Am,;,0,;)/v, appearance(Am,;,0,;)
Test exotic models (decay, extra dimensions,....)

3. NC measurement

No additional light “neutrino™?
Search for CPYV in lepton sector
Leptgenesis?
Proton decay search(—> Shiozawa-san’s talk in afternoon)
Direct probe of GUTs



Principle

— Neutrino energy reconstruction by using Quasi-
elastic (QE) interaction.
 Oscillation pattern measurement
* BG due to miss-reconstruction of inelastic interaction

— Greatly improved by using narrow spectrum

— Narrow spectrum tuned at the oscillation

maximum.
Am?=1.6~4x1073eV?

E,=0.4~1GeV

* High sensitivity
* Less background

— Gigantic water Cherenkov detector
* High statistics
* High efficiency for low energy

e Good PID (e/u) capability
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Possible Beam Configurations

Wide Band Beam 4 Intense
<»Wide sensitivity in Am?
— F—H e <-BG from HE tail
Shorns <~ Syst. err f.rom spectrum
extrapolation

Narrow Band Beam

Dipole Horn <>LCSS HE tail
%/ 10°  FTIog <rLess sys err from spectrum
“counting experiment”
Target mdiientum selected 7 <>Easy to tune £ y
Off Axis Beam

<rHigh int. narrow band beam
<>More HE tail than NBB
<~Hard to tune F




# of CC events of various beams
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WBB:5200 CC int./22.5kt/yr
NBB: 620 CC int./22.5kt/yr (2GeV/c m tune)
OAB: 2200 CC int./22.5kt/yr (2degree)

Peak energy can be tuned by changing mag. field(NBB) or angle(OAB)
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Expected Backgrounds & Signal

Off Axis (2°) Syear
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red.eff. 0.02% 0.2% 3.8% 40.8%

~90% of nm BG from nt® production
~60% of v, BG comes from HE tail (£,"™>1.2GeV)
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Sensitivity on v,2>v, appearance

1 90% C.L. sensitivity
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5 years precision

= OAB-2degree |

5(sin220) /

0. DDE 0. |]||}..1. 0. |}:|5 C. .:||:|a o.0o02 .00 0,006 G008

True Am? (eV?) True Am? (eV?)

0(sin’20)~0.01 in 5 years
O(Am?) ~<1X10*in 5 years
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Preliminary

JHF-HK CPV Sensnmty

Sensitivity(3c)
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Recent
Development



Neutrino beams and strategy in LOI

hep-ex/0106019(June 2001)

Three types of beams

WBB: first ~1year for Am? rough
determination

NBB or OAB: ~5yr. Precision/high sens.
measurement of disapp./app. at osc. max.

NBB: neutrino interaction in near site

Decay pipe: 80m from target
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Current strategy

Chose OAB for long term(~5yr) LBL. measurement
Factor 2~3 higher flux than NBB

Discard WBB option

NBB only for v int. study at near site(280m)
—> smaller decay pipe

Decay pipe : 80m > 130m for higher flux

~40% increase in peak flux

Adjustable OAB angle X ==0.5deg.

X still to be decided later for max. sensitivity
Deadline: ~1year

Front detector (@ ~ 2km = reduce far/near syst.

Shoot SK and possible HK site (10km=2deg apart) w/ the
same beam line
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Beams and Shape of Decay Volume

BefOre Decay plpe
SK dir
\\ OAB3deg
Present
........................................................................................... >
> OAB2deg
Y Pipe OAB3deg

v Discarding 0deg WBB enables to make narrow DV

and hence

longer pipe.

v"Scraping Odeg part of DV, HE tail reduced!.
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High Energy Tail
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Decay pipe shape optimization might further reduce HE tail.
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Decay pipe len 80m—>130m

v, Flux (ratio to DV80m)
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Current Detector Configuration

Muon monitor

— Jonization chamber?

— Behind the beam dump (@~140m from target)

— Fast spill-by-spill monitoring of beam intensity/direction (indirect)
Neutrino Monitor (former “front detector”)

— Fine grained detector?

— (@ 280m from the target

— Direct monitoring of NEUTRINO intensity/direction

— Study of neutrino interaction w/ NBB

Front Detector € NEW!!
— Water Cherenkov+Fine grained?
— ~2km from the target
— Absolute neutrino spectrum measurement

Far Detector

- SK @295km R&D of all components from NOW!!
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Y

Front(beam) View

Beam monitoring

Beam profile @ SK

lun36 run 2011-2020
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Motivation of 2km detector
Spectrum difference btw. far/near
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Far/near flux ratio
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Events/100ton/spill

events/100t/spill

# of events in fiducial volume
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Possible Concept of 2km front
neutrino detector
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Necessity of hadron production data
@ 50GeV

We decide to (try to) put 2km detector

No far/near problem

=>»No need for precise hadron production data ?
Yes we need! Very impotant!!

We need proof(s) of “No far/near problem” statement. We
cannot just trust beam MC.

How?

— Measure neutrino spectrum at 280m and 2km and reproduce the
difference by MC =» reliable MC

=» Require full-equipped det. both at 280m/2km

— Measure hadron production precisely and predict 2km spectrum
and confirm it by data.

Only 2 choice is realistic from various viewpoints.
We need the data beforehand, in order to know

— Expected # of events * “HARPIII”

— Expected spectrum/v, = estimate BG

28



Large Acceptance Hadron Detector for an Investigation of

Pb-induced Reactions at the CERN SPS
The NA49 Experimental Set-up

Beam

Target

Vertex TPCs

Main TPCs

Vertex
Magnets

Forward ’/

Calorimeter
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Neutrino Facility

All drawings are preliminary

Recent changes have not been reflected in the drawings yet
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JHF neutrino facility construction

group
Officially formed in KEK on April, 2001
The 3rd physics division, IPNS(~10persons)
Cryogenic facility group, IPNS(~10persons)
Cryogenic Science Center, KEK(8persons)

w/ strong support from existing beam
channel group
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Overview of neutrino facility

Beam line tunnel
Extraction system(covered by acc. G)
Kicker and septum magnets
Proton beam transport
® Preparation section
® Arc section (Super cond.)
® Final focusing
Target/Horn system
® NBB/OAB changeable
Decay pipe
® Cross w/ 3NBT
® Target-Dump: 130m
® “Trapezoid” shape
Pit for muon monitor
Beam dump
Near detector
® @280m in JAERI site
® @~2km

280m

ﬂH

aaaaaa

H
s\“
X

e\
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Specification

Beam kinetic energy
Protons/pulse

Beam current

Beam power

Extraction

Micro structure

Bunch spacing

Spill width

Cycle

Rep rate

Proton beam emittance
Physical acceptance

Beam loss(proton transport)
Curvature of arc

Decay pipe length (target-dump)
Distance to near detectors
Distance to SK

Target-SK beam decline

50GeV

3.3x10"

15,A

750kW

Single turn fast extraction
8bunches/9 RF buckets
998ns

~5.,8

3.64~3.94sec

0.275Hz

6.1mm.mrad

60 mm.mrad

1TW/m

106m

130m

280m/~2km

~295km

-1.25deg
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Recent progress

» Primary proton beam optics almost fixed
(Ichikawa/DoornboSS@TRIUMF)

» Design of norm. cond. mags started (Kusano)
v" Preparation section/Final focusing

» Design of super conducing magnets(Cryo. Sci Center)
» Conceptual design of low T facility done.
» Optimization of target/horn system started(Hayato/Ichikawa)
» Radiation shielding design(Oyama)
» Decay pipe
v" decide to fill He
v heat dissipation simulated(Hayato)

v Common decay pipe design for SK and HK
v Started engineering design w/ company

» Long baseline GPS survey finished(Noumi)
» Plan to include 2km detector in the same budget request

» Aiming to submit budget request in 2002
=> Will get answer by the end of 2002.




Optics design of primary proton
beam
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Design of normal conducting magnets

Upstream preparation section
Downstream final focus

Dipole for NBB

Some mags use MIC(mineral insulation cond.)

Under severe

Radiation

Esp., for NBB dipole

E.Kusano

PDIMIC(3.2D3.660)

Summary of normal conducting magnets

E.Kusano, Jan.9,2002

1162

. Max Normal operation .
No |Name Type BIT] Len Gap[mm] Size[mm] i v Powor I v Poweor Weight
ax Opr | [mm] \Y H W H L [A] vl [kW] [A] v] [kW] [ton]
1 PH1 [2D420MIC 2.0 11.000 | 1,000 | 100 ]200(300)| 1,400 500 | 1,600 | 2,000 70 140.0 | 1,000 35 35.0 10
2 PH2 [2D420MIC 2.0 11.000 | 1,000 100 1200(300) [ 1,400 500 [ 1,600 | 2,000 70 140.0 [ 1,000 35 35.0 10
3 PQ1 [Q460MIC 1.0 1 0.883 | 3,000 | 200 1,280 | 1,280 | 3,500 | 2,500 | 220 550.0 | 2,208 | 194 428.8 30
4 PD1 [2.4D3.660MI( 2.0 11.900 | 3,000 180 [160(250) | 1,500 700 | 3,600 [ 2,500 | 220 550.0 | 2,375 | 209 496.4 26
5 PQ2A[Q440MIC 1.0 1 0.807 | 2,000 | 200 1,280 | 1,280 [ 2,500 | 2,500 | 100 250.0 |1 2,018 81 162.8 21
6 PQ2B|Q440MIC 1.0 | 0.807 [ 2,000 | 200 1,280 | 1,280 | 2,500 [ 2,500 [ 100 250.0 12,018 81 162.8 21
7 PD2 |3.2D3.260 2.0 11.900 | 3,000 | 160 160 1,300 500 | 3,400 | 2,500 | 140 350.0 [ 2,375 | 133 315.9 16
8 PQ3A[Q440 1.0 10.969 {2,000 { 200 1,280 | 1,280 | 2,500 [ 2,500 [ 100 250.0 |1 2,423 97 234.7 18
9 PQ3B[Q440 1.0 10.969 | 2,000 200 1,280 | 1,280 | 2,500 [ 2,500 100 250.0 | 2,423 97 234.7 18
10 |PV1 |3D3.220 2.0 11.000 | 1,000 150 160 1,100 500 [ 1,400 | 2,000 | 100 200.0 | 1,000 50 50.0 7
11 |PQ4AlQ340 1.0 1 0.757 [ 2,000 150 1,200 | 1,200 [ 2,500 | 2,000 60 120.0 [ 1,514 45 68.8 20
12 |PQ4B|Q340 1.0 1 0.757 | 2,000 150 1,200 | 1,200 [ 2,500 | 2,000 60 120.0 [ 1,514 45 68.8 20
13 |PH3 |3D3.220 2.0 11.000 | 1,000 150 160 1,100 500 [ 1,400 | 2,000 | 100 200.0 | 1,000 50 50.0 7
14 |PV2 12D220 2.0 11.000 | 1,000 100 [100(200) | 1,000 500 [ 1,500 | 2,000 70 140.0 | 1,000 35 35.0 4
15 |PQ5 Q340 1.0 | 0.773 [ 2,000 | 150 1,200 | 1,200 | 2,500 [ 2,000 60 120.0 | 1,546 46 71.7 20
Sub total 3,630.0 2,450.4 | 248
16 |FQ1A|Q340 1.0 1 0.874 | 2,000 150 1,200 ] 1,200 | 2,500 | 2,000 60 120.0 | 1,747 52 91.6 20 24 l I lag.
17 |FQ1B|Q340 1.0 | 0.874 | 2,000 150 1,200 | 1,200 | 2,500 | 2,000 60 120.0 | 1,747 52 91.6 20
18 |FQ2A|Q450 1.0 | 0.914 | 2,500 200 1,280 | 1,280 | 3,000 | 2,500 130 350.0 | 2,285 | 119 271.6 22
19 |[FQ2B[Q450 1.0 10.914 | 2,500 200 1,280 ] 1,280 | 3,000 | 2,500 130 350.0 | 2,285 | 119 271.6 22 5 2M VR/
20 |FQ3A[Q460 1.0 1 0.903 | 3,000 200 1,280 | 1,280 | 3,500 | 2,500 150 400.0 [ 2,257 | 135 305.7 25 *
21 |FQ3B|Q460 1.0 1 0.903 | 3,000 200 1,280 ] 1,280 | 3,500 | 2,500 150 400.0 | 2,257 | 135 305.7 25
22 |FQ4 1Q360 1.0 ] 0.812 | 3,000 150 1,200 ] 1,200 | 3,500 | 2,000 90 200.0 | 1,625 73 118.8 25
23 |FD1 |3D490MIC 2.0 12.000 | 4,500 150 200 2,500 280 700.0 { 2,500 | 280 700.0 40
24 |FD2 ]15D1124MIC 1.5 11.200 | 1,200 550 750 2,300 [ 1,400 ] 1,200 | 2,500 350 900.0 { 2,000 | 280 560.0 32
Sub ltotal 3540.0 2,716.5 231
Total 7,170.0 5,166.9 | 479
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Super conducting magnet design

» Specification

Type Magnetic Length  Operation Field  Number
Dipole 3m 3.95T 20
Quadrupole 1m 324 T/m 20

» Design Concept

- Superconducting Cable: LHC dipole inner/outer cable (NbTi/Cu).

- Cross section: Single layer coil surrounded by plastic spacers and iron yokes.

- Plastic Spacer: No use of metallic collars — Ground insulation film are not
needed.

- Some materials are commonly used in both Dipole and Quadrupole.

- Self-protected design for the magnet quench. (RHIC dipole at BNL)
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Design of Super con. mag started

Bore: 180 or 220mm
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NiEEN G
BZigg83
gE83

mmmmmmm
2562- 28M

2323. 28562
2084- 2323
1845- 2084
1.605-  1.845
1.366- 1605
1127 1.366
B osss- 1427
Bl ccte- osss

Bl oo oo \ \ \ \ |
Bl o o4

1

Cryo. Science Center of KEK
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Conceptual design of target station
(side view)

i Bending J L
| | 2Tx4.5m ——
(1.8Tx5m)
Extremely
High rad.
Environment! |
15t horn 1
% i
o |
o !
© |
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Target optimization (Just started)

o Gl pen c-‘{ bean

2.5° v4B
OAB  horns

Target Length | 7 "o .t

Target radius & beam size

position = Ocm.

dlee, pe mf :
X108 AL Spot size from
4R 2504A
5000 — - _ .
= L
m = [
L o © pumd i
TS T S S S N B = -
‘~§ | ° P 6;: (4% : -
é 7?47-/ ,.Q. 1 .
Esoo__ ...................................................................................... et :
_ AN
| 2 0.8
400 . S TS SRR SURNUURUUTRY AU RO SRR SRt SRRSO r
_ e = 0.6]
| 2 int. length 2 :
200 L 1 ks 0.4
[ 0.2
) P T DU I IR AU S DI P .
30 40 50 60 70 80 90 100 110 120 0 L
Target Length(cm)

1o beam size (cm)




kd/pulse

—

Energy Deposit in Carbon target

Total 60.8kJ/pulse

RUN= 3503 TARGET=Corbon LEN=80cm

W

N

— (@ Z. peak

1T ~300J/cm3
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Result of heat load stmulation(I)

OUS

jn50-100 50Gev-Target (all-Carbon) @ 3.0eldppp @ 7.887KW/m2/K @

f
jn50-100 50Gev-Target (all-Carbon) @ 3.0eldppp @ 7.887KW/m2/K @

ANSYS 5.6
OCT 16 2001
1e15:28
NODAL SOLUTION
STEP=19
SUB =4
TIME=30.78
TEMP (AVG)
R3Y3=0
PowerGraphics
EFACET=1
AVRES=Mat
SMN =45.024
SMX =353.561
B 45.024
Bl 64-307
HE 83-591
B 102.875
BEm 122.158
B 141.442
B 151.083
mm 170.367
B 189.651
208.934
o 228.218
1 247.501
] 257.143
1 276.427
O 295.71
1 314.994
B 334.277
(I 3 (353 - 561
ANSYS 5.6
OCT 16 2001
161983
NODAL SOLUTION
STEP=19
SUB =
TIME=30.78
TEMP (AVG)
R3Y3=0
PowerGraphics
EFACET=1
AVRES=Mat
SMN =45.024
SMX =353.561
Hl 45-024
Wl 64-307
HE 83-591
B 102.875
BEm 122.158
B 141.442
B 151.083
B 170.367
Em 189.651
208.934
o 228.218
1 247.501
] 257.143
1 276.427
O 295.71
I 314.994
B 334.277
(I 3 (353 - 561

0.684s

jn50-100 50Gev-Target (all-Carbon)

@ 3.0eldppp @ 7.887KW/m2/K @

~70°C

jn50-100 50Gev-Target (all-Carbon)

@ 3.0eldppp @ 7.887KW/m2/K @

ANSYS 5.6

OCT 16 2001
1615257
NODAL SOLUTION
STEP=20

SUB- =1
TIME=31.464
TEMP (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

=52 .234
=83 .382
b2 .234
54 .1.81
56.128
D8.015
60.021
61.968
62.941
64.888
66.835
68.782
70.728
F2 .65
73.649
#5.595
77.542
79.489
B 51.436
3083382

A0000CNRNOODNNEN::

16:18:43
NODAL SOLUTION
STEP=20

SUB- =1
TIME=31.464
TEMP (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
SMN =52.234
SMX =83.382
52.234
54 .1.81
56.128
D8.015
60.021
61.968
62.941
64.888
66.835
68.782
70.728
F2 .65
73.649
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77.542
79.489
81.436
3083.382

[ T I[N B[ RIS
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Result of heat load simulation (II)

ES() 50

Time dependence
of the temperature

150
100 L\

AEiE b Tl

"0 4 8 1216 20 24 28 32 3'6|'imfe(sec)

time f(sec.)

in50-100 50Gev-Target{all-Carbon) @ 3.0eldppp & 7.887KW/m2/K & phi-30

At the center
~350°C
At surface

<100°C

Seems OK
for heat
(w/ this assumption)

Next,

More realistic thermal conductivity with realistic design
Stress from shock wave
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Opitimization Of Horn (ichikawa)

Separate target from horn but inside 15t horn

Points of pions with 0 angle

45

Rin=

5mm

cm

40 |

35 |

—_—
—

30 |-

25 |

An example of simulation

to optimize Horn shape

o
e Bl -l %

Just started.

150

0 50 100

200 250

rvsS. z

300 350

400
cm
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Have to manufacture in 2002
at least the part beneath 3NBT

(SN TR PO LV TAN

Conceptual design of decay pipe

Manufa

Comparison of pipe shape

v N ey o

|
Shape | Cost cturing Assemble Totg]
H
O 1. 2 X FaX A
¥ (km, TR
D 1. 3 A A X
USp]
D 1. 0 @] O @]

Iron pipe
Able to evacuate 409%™

. [ " - ] I i
[ e A

1 b 7 !l

- 7[ - T P i N E

OOI - | f,f" e E | Ji
el ] I

- L R I
<€ >
om

Cooling scheme to be
developed.
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)

0%'POT

2000

v, MNux (/c

o

P
250

m*/1

Flux dependence on DY content (CAB2deqg)

Gas 1n decay volume

03_
0

tn
]
=]

aoa

500

(@peak

Yoacuum. 2.82E4+08
He .2.67E40g&

Air [2.44E4+06

-7% w/ Air
-0.2% w/ He
From Vacuum

Use Helium

47



SK and Possible HK site

JHF
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Common decay pipe for SK/HK

Beam eye

1.04° 236m@2km AH(OAB2° ~3° )=3.5m)
1.25° (44m@2km)

2.98° (OAB2°

3.54° (OAB2.5

4.08° (OAB3° |

p/t beam axis
: -1.25 = -(3~4)deg

Ichikawa
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Optimization of radiation shielding

of target station and decay pipe

e The thickness of the concrete shielding should be
4.2m ~ 5.2m, where the original design is 6m.

e 3m of soil are needed over the ground level.

3.0 o

Y.Oyama

— e E— e e— o — s e — =
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Heat load simulation 1n decay pipe

Material

(Wall & Shield)
Size of the tunnel
Thickness of the wall
Beam
Target

Simulator

Iron + concrete

3m¢

16mm of Iron
50GeV, 2.64MJ/pulse
Sapphire

GEANT + GCALOR
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W/m? [

L

200 1

250

150

100

50

Energy deposite
(from GEANT)

:1/12/10 21.39

r=1.5m(lron)

— Decay Tunnel

20

40 60 80 100 120

Deposit in DV iron m

Shape of the decay
tunnel and the shield

He

Soil

Concrete

P 130m »

Flat Sample
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Result

ANB¥E 5.6
DEC 10 2001

Maximum Temperature 23:53:07

o STEP=1

SUE =1

~300 C TIME=1
TEME [AVGE)

—_ 4 Rg¥E=0
Need COOl I ng PowerGraphics
EFACET=1
AVRES=Mat
SMMN =27.09
BMH =296.866
27.09
57.085
a7.04
117.015
146.99
176.5665
206.941
236.916
266.891
296.866

MU0CEE00N

Possible solutions:
Water cooling of the wall of the decay tunnel

Circulation of He in the decay volume
efc...



GPS survey

Nov.19~22: long baseline GPS
survery (@ Kamioka/Tokai
simultaneously

IR
AN ,’1:"“

Noumi/Ishii/Shiino
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Mile stones/Schedule

2001 2002 2003 2004 2005 2006 2007

Japanese Fiscal Year |;— 1571

L
H

7 10 (1 4 7 10 (1 4 7 10 |1 7 10 |1 4 7 10 |1 4 7 10

»

3NBT Civil condtruction

€=+ + >

50GeV civil construction

16t termfaroun/d fast gxt.

Decay pipe

Fix specification

Tender %

Manufacture

Lay underground

Budget request

Submit . ®
Get answer o ?
-

Civil construction e Eng. Design
AI‘C m EERILEEN ENN] EEEm
Decay pipe(under 3NBT) =
FF - EEEN
Target station o
Rest of decay pipe o
muon pit -

Near detector hall o
Environment o
-

Super conducting magnet(R&D) m

Conceptual design -
Build prototype magnets m
Preparation for testing m

Test o

Mass production of SC mag -
Manufacture -
Installtion .

Adjustment, tunning

Cryogenic facility

Cryo pump o
Cold box tender, purchase =
Compressor tendor, purchase o
Buffer/LigN2 tank tender, purchase =
Develop control =
Installation -
Adjustment, tunning =

Not all items listed. \We aim to complete construction by the end of JFY2006



Summary(l)

® JHF-Kamioka Neutrino project
v. ~MW 50GeV PS @ JHF
v Super-Kamiokande@ 295km as far detector
v" Low energy(~1GeV) conventional v, beam tuned at osc. max.
v" Energy reconstruction by using QE
v Narrow OAB to reduce background and syst. err.
v NBB to study neutrino interaction for syst. error reduction
® Physics sensitivity in first phase
v’ 8in22013 ~ 0.003 (90% CL)
v 85in22023 ~ 0.01
v 8AM232 <1 X 10%eV?
v v, existence can be tested.
® 2nd phase 4MW PS & Mt “Hyper-Kamiokande” detector
- Sensitive to CPV of 6>10~20" with LMA solution
—> Proton decay 3o dicovery upto t~1x103(>3x103*)yr for en’(vK) mode
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Summary(ll)

® Things are rapidly changing
® Choose OAB, discard WBB, NBB only for nuint.
® 2km detector, 130m DV, common beam for SK/HK
® But, importance of had. prod. data not changed.
® Design, R&D of neutrino beam line have been
started

® Facility construction group has been officially formed 1n
KEK

® Many things to be developed. € Intensity frontier!!

® Plan to start data taking in Apr. 2007
No change due to SK accident at all

® Neutrino facility not approved yet but...
Plan to submit budget request in 2002
(and answer will come Dec. 2002....... )
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Supplement



v, 2V, oscillation probability(1)
Control size Control matter effect

. By I 2a 5
oI (1 + A, (1- 2313)>

Al | Ami L . Ame L
+8C13512513523(C12Ch3 €08 § — S12513553) cos 32 ip 281Y ) 221

S111 S111

P(V'u — Ve) — 40 313523 SlIl

4F 45 4F
Al | Amy L | A
—80123612023S12313S23 Sinésin 3 sin 31 sin m21 CPV
4F 4F
Am3, L

~|—451220123 {01220223 + 81225533123 — 2(190C93512593513 cos 5} sin?

AmZ,L . AmZ L oL 5

AF

—80%, 53,55, cos

026, a>-afor v, >V, Matter eff.:

a=7.56x105[eV2]-( p3]-( E ]
[g/cm’]) \[GeV]

P-P AmlzL sin 26,
Pir B 0,

-sin o

ACP
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CP measurement

Observables

Ne (Erec) = Nobs (Erec) - NBG (Etme)
= J‘dEtmeq),u (Etme) ' P,uA)e (Etrue) : O-e(Elme) ' ge (Etrue) : re (Etrue H Erec)

u flux Cross  det.eff det.responce
sec.

unfold det. responce

Ne(Etrue) = (D,U(Etrue).Py—w(Etrue).Ge(Etrue).ge(Etrue)

Divide by exp’ed # of v, events w/o oscillatio& s r

exp - exp exp - .
N, (E,,) ®,-0,¢, ®70,% o0,¢

H H H
= P,u%e (Etrue) ) ra (Elrue) ) rg (Etrue)

Pv — Ne (Etrue) — Ne (Etrue) — Ne (Etrue )_ X Ge ) ge

u—e ( true )
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Cross section difference

GB/GH Cross section ratio

12 |
. \
2
1.15 =
" O \ \f‘wefw, CCtot
11 e -
~59, | ® k vefv, CCtot
0\ L"sk
\ e L /..{
1.05 S e -
1 “Coe R o N
0.95
0.9
-
Energy window
0.85
08070204 06 08 1 12 14 16 18 2

E, (GeV)

CCge ratio diff
1~5% @ energy window

Quick rise in low energy
side 2 need detailed info.
=» cross section
measurement? (vfact?)
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v, disappearance: S years precision

3 OAB-2degree

o(sin?20) / \\i | 5(Am? )

N | —

el BN BN g

| | ] |
D,IIIIDE I:ILI:.!IE'#- 0, s C.008 0.002 0.004 .05 C.a0Aa
True Amz (eVZ) Tl'ue Amz (eVZ)

0(sin’20)~0.01 in 5 years
O(Am?) ~<1X10*in 5 years




20000 ¢
18000 |
16000

14000
12000
10000
8000
6000
4000
2000

& (/cmZ10°'POT)

Decay pipe len 80m—>130m

v, contamination

v, Flux
=

SH==C

-

falisciapee

IENpigER=sss

?Zﬁbﬁéﬂ-—% .

Y 15 2 25 3
E, (GeV)

14 |

025 |

o (%)

0.05 |

02 |
H 015 |

01 |

DV

v/, ratio
Totaliflux
n oio o ®
o 0.9 o
[} oo
0 25 50 75 100 125 150 175 200
DV Length {m)
at 1, Flux peak
o [ o0 oo ¥
o O
- ]
o o)
i
010 25 50 5 100 125 150 175 200

Length {m)
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o B5AM (50GeV) abort (fast)
50GeVring failure | ) N —

 —
— 1.9s 0.9s
- R
s —

\ — \ R 0.14s 07s
T2 / s injection rest
¥ ineering onstructi
/ aroum fﬁt? t. in 200 I 3.64s

-

Position/scheme of beam abort not settled yet.
This may give significant modification on v facility design

depending on solution
Urgent task
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Expected Signal & BG

4MW, 1M, v 2yr, v 6.8yr, sin?20,,=0.1(Chooz)

: BG
vV, beam | Signal Total |vu vubar |ve vebar
Gen'ed in FV 40k 878k 99k 28k 4.7k
Selected 8893 1691 686 122 834 49
41% 1% 49% 3%
Efficiency 22% 0.08%| 0.12%| 3.00%| 1.04%
QE 8404 w/ 70 613 96 33 3.4
from En>1.2GeV 395 115 196 20
vu BG: 88%n0%, 58%HE
EY) : BG
v, beam [sigaa Towlv Twbar Tve Tvebar
Gen’ed in FV 40k 1079k| 830k 44k 30k
Selected 9272 | 3572 799 1316 094 862
22% 37% 17% 24%
Efficiency 23% 0.07%| 0.16%| 1.35%| 2.89%
QE 8228 w/ 710 7114 1112 50 28

Signal: ~90% CCQE

vu BG: 86%n0, 67%HE

wrong
sign cont.
small

All src.
compara.
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18
16
14
12
10

O N P~ O

Sensitivity for Mixing Angle

WBB Syear

—|— Expected Signal+BG
(sin’29,.=0,05,Am*=0,005)
Total BG

BG from vy

llIlllIllllllIIIIIIIIIIIIIIIIIIIIII

:l:rlLlJ=1111J.|111111

0 1 2 3 4 5

sin“20 . sensitivity

Reconstructed Ev(GeV)

90%C.L. 30

6BG=10%
0BG= 5%
0BG= 2%

I T llllllll T T TTTIm

//
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/
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lllll 1 1 lllllll 1 1 11 1111

10 10°
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3
10

45
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Off Axis (2°) byear

o
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TT
RN
_'_
——
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(sin2219“,=0.05.Am2=0,003)
Total BG

BG from vy

}l —|— Expected Signal+BG

i

[EEN
N
w

4
Reconstructed Ev(GeV)

T T TTTTm

90%C.L. 30

6BG=10%
0BG= 5%
6BG= 2%

\

FHF—)SK Syear

/

10 10°
Exposure/(22.5kt x 1021pot)

ol

3
10
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1. Target

Material Carbon
Si1ze of the target 3cm¢ x 80cm

(2 interaction length)
Beam 50GeV, 2.64MJ/pulse

(o,=0,=5mm)
Simulator GEANT + GCALOR

—> 60.8kJ/pulse (2.3%) in total
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Simulator
ANSYS Energy deposit (from GEANT)

Material properties of Carbon

Energy deposit (Carbon)

w
12
o

2.27 glcm® S

w
o
o

—&—r =1 (mm)

5250 —&—r =3 (mm)
1S =
1.612 J/lcm®/K i - 23 o
£ 150 —%—r =9 (mm)
2 ﬁ —&—r =11 (mm)
g]OO — —'—r:13Emm;
2 ——r=15
19.6 W/cm/deg ;. /fﬁmi B

o

oooooooooooooooooooo

2 < 0O N © O ¥ O N © O ¥ 0 N © O ¥ 0 N © O
I | — — &N &N &N ™ ™ < 8 S 0 10 © © © r~ r~
IIIIIIIIIIIIIIIIIIII

L] <+ O O O O O O O O O O O O o o o o o o

NNNNNNNNNNNNNNNNN

3550 °C
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v/ Vﬂ flux for CPV meas.

Sign flip by
just changing
horn polarity

(10°/100MeV/cm?/yr)
N w
o o

O
&)

O
o

oa2deg

N w

—
T T

0F

.....................

...................

...................

...................

....................

.....................

Lo o

.....................................................................................................

..................................................................................................

...................................................................................................

....................................................................................................

.................................................................................................

..................................................................................................

(1st phase)

0051152253354455

E, (GeV)
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Candldate _S|tes er 2km front detector _ ‘

N

f_
\
(T g i 8 4 ._:/.-Il:: X 1':: ‘. -> 3 4{6‘:«\:
A, 5 : ¢ / :
- | -...- K .".I ¥ 3- ..I" .
- : rr :;. n‘.ll :I:- ’ ..r-. , L . - _

U
Irl IITIITIL Y

Tkm *~ Okm
44m below sea level Lo
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Decay pipe (3NBT cross)

+19,95

3NBT construction

\%\ 2003~

T RCHE (2BIMR)

ﬂ\ need to be

Decay Pipe 6m

Concrete Shield

Y /minimized

E & B

M) T -h L BTS8E 25400
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Expected spectrum 0AB2°

Vi v, contamination

MOO:I - °

E 350_ I C106§~

o A0 e

N 95 31 3 MHSSHSHN !

SN/ z 0% Nmmananet

> i ——

| — 107} \\
01 T S N \ ‘3 NN ‘3 DN ] |
0 25 5 75 10 125 15 1715 X0 0 05 1 15 2 25 3 35 4 45 5

E (GeV) = (GeV)
” Very small v /v,

~3100 tot lnt/225kt/yr @ v, peak
~2200 CC lnt/225kt/yr (still for 80m pipe len)
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Super conducting magnet design
(cont’d

» Superconducting Cables

: Insulated by Polyimide Film

D=220mm D=180 mm
LHC-Dipole-Inner Cable LHC-Dipole-Outer Cable
Strand  Diameter [mm] 1.065+0.0025 0.82540.0025
Copper to super ratio 1.6~1.7£0.03 1.9~2.0+0.03
Filament size [[Im] 74+0.1 610.1
Filament spacing [[/m] >1 >1
Number of filaments 8700~8900+20 6300~6550+20
RRR >70 >70
Twist pitch [mm] 18+1.5 15£1.5
Critical current, 1.9K [A] >515 @10T >380 @9T
nvalueat7T,4.2 K >30 >30
Thickness of coating [[/m] 1 1
Cable  Number of strands 28 36
Thickness [mm]
Thin 1.90040.006 1.480+0.006
Center 1.736+0.006 1.36240.006
Thick 2.064+0.006 1.598+0.006
Width [mm] 15.120.02 15.120.02
Cable twist pitch [mm] 11545 100+5
Keystone angle [deg ] 1.25+0.05 0.90+0.05
Critical current, 19K [A] >13750@10T >12960@10T
Cross-contact resistance [[1[1] 15 40
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Low T facility

.

LN, Storage

Compressor

\ Cold Box
He Gas Tank - 1 N
A 4
D

:
i
A
Sub - Cooler
4 LI
S yes— i
XD

I
4\ ﬂ' ___________
4 Distribution Box 2001. 8. 22-
X D Doi
ko]

D Y Y. XD D
Iz _ _ A\ 7\ D
o= ftgi < e 1 I
N EDYYYYV IYYVY¥S E— W AMW— — — — — —| AW MW ]

A candidate design Y Doi
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Neutrino profile @ FD

oa2deg profile @ FD WBB/OAB@0deg

no
T T

Arb. unit

N Ana R AR AR,
TR Y N\ N
NN RN NN N\

N AN RN N

\N AR
N NUNRAURAR R RN N O
& O Y \
X WO \
ok \ ALY N\
\ R O \ \
N\ \ \ \
N \ )
L AN N Nl

~0, 200 400(cm)

R \i\
N NN NN
h SN NN

400 200 0, 200 400(cm)

OAB direction can be monitored w/ beam profile on beam axis.
Low energy component has very wide spread.=> may need another method
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Narrow Band Beam for v int study @ near

Dipole
Horn

Magnet e
Horn, f— R ==uui
\ 100 cm
—

Target

~2 int./100t/spill

v,:0.8%(0.3% @ peak)

®Lasy to tune F

®] css HE tail
®[ ess sys err from spectrum

E, (GeV)
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1300

1063

18]

1300
240
2aa
4400
290

1ring FC pu-like

v, disappearance

Ratio after BG subtraction

+ E .. ic ETET
a5 £ (linear) Am2=3 X 103 |Em LA
+ Oscillation with as : sin?20=1.0 = U=
o Am?=3 X 107 : £ b1 Jrj( IR
1270 = T E |
n<20=1.0 s L1
n : 1 1
_|_|_ _|_ E 1 1 1 1 1 1 1 1 1 %
Sy — 4_1_;L_++_|_|:|-_'_’*’;|’_‘"_|‘_-"l_—'_-—— o .:rzll-u 1|;||:|;| 15|uu z:ll:l:l zult:-u- .IIIJ:I :mII:i:l +l:|!:|-u +EIEI:I EATI
14000 040 300 4000 SQan E
E, = (log) = =l
) ] - ME T
No oscillation L Tt 1 _!_ } 158
5 ‘ HEE 1 1
ke
~3%
[ |A|/ L1 I o+ 1 bh 1 I | | 1
| . . B &0 1000 1900 000 JOCC S000 JBDO 4 4600 HO0
1300 2000 3000 4000 sS000

Reconstructed Ev (MeV)
Clear oscillation patter can be observed.
Fit with 1-sin?20+-sin?(1.27Am?L/E)

E.
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Vv, 2V, osc. probability w/ CPV/matter

Probability (%)

CPV

-
[\V]

)

= p=2.8g/cm” L=730km

= 1 ArmPp=3x10"% —

ﬁ ﬁrrl'.,-SxIO" Bo=n/8
p=2.8g/cm” L=295km o Bt 74 el e
Amts=3x10"* Bas=" /4 o o8 e OIS
AP e=5x10"" Ba=n/8
S=m/4 B¥5=0.05

(sir’28,s=0.01) 0.6

Small fake asymmetry by matter effect at low energy
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v/ v, # ot CCint.

oa2deg
300 | — N
=l _ I el
150 80m pipe

—h
o
(@)

l\ e S

0 25 5 7.5 10 125 15 17.5 20

50 WTIOng sion
10 2 - —
0 25 5 75 1012515175 20

Ev (GeV)

» # of int. for 17ﬂ 1s factor ~3 smaller than v, due to cross section.

‘-_-

a
O O

(/100MeV/22.5kt/

~l00
OO

— right sign

» Wrong sign contamination is much higher for anti-v.
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v, appearance (0,;)

* Signal

— Single e-like ring

— At energy of v, disappearance dip
» Backgrounds

— v, NC n production

* Lower £ photon 1s missed/2 photon rings merged

— Beam v, comtamination

* Broad E dist. Can be reduced w/ energy window.
* ~0.2% of v, at peak of NBB/OAB
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