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K2K (KEK-to-Kamioka)

Super Kamiokande

Water Cherenkov detector
Total mass 50 kton
Inner mass 32 kton

Fiducial mass:

22.5 kton

*Accelerator : 12 GeV proton synchrotron
*Beam intensity : 6x10'2 protons / pulse
*Repetition 1 pulse /2.2 sec
*Pulse width 1.1 us (9 bunches)
*Horn-focused wide-band beam
*Average neutrino energy 1.3 GeV
*Near detector 300 m from the target
*Far detector (Super-Kamiokande) : 250 km from the target
*Goal : 10%° protons on target
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Beam Line and Magnetic Horn
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KK Nea Detectar

B 1 kton watar Cherenkov detectar

B Measure v, flux: spectrum- profile

= Same structure and systematics as SuperK

B Measure v, contamination

= Common water target

W Scintilaing

B Study v interactions at ~ 1 GeV

Fiber tracker

" Adcdve aeat 24 mXx 24 mXx 20 (xy layer

——_ W Uater target

SCIFl/Water

= 19 layers of bO-mm thidk water

- ﬁ:; B [ead-glass counter

_ H Muon/Fe

=12 layers of iron plates (total mass ~ 1-000

tons inteleaved with muon drift chambers




Reconstructed Neutrino Energy Spectra with

10" POT

The neutrino energy 1s
reconstructed by assuming
quasi-elastic (QE) scattering.
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Osdllaed/Non-osdllated with 109 POT
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Expected Sensitiviby
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Number of neutrinos/cme/100 POT

Profil

e and Spectrun at the Near Detectar
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Profile and Spectrum

at the Fa~ Detectar

Neutrino Yield (arbitrary unit)

Neutrino Profile at SK (MC)
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Far/Near(R < 300 cm) Flux Ratio

%;21205 - B I is vitaly important to
=TT r predict the fa~ spectrum
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- the spectrum measured at
0175 | the nea- site.
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Pion Monta

Pion monitor Ring image Cherenkov counter

() Y P

array

Pion monitor is a gas-Cherenkov counter

which measures the pion p_-0, distribution
just after the magnetic horn.

®Sensitive to p, >2 GeV (E, > 1 GeV) to
avoid background from 12 GeV protons.

®Predict far/near flux ratio above 1 GeV
®Normally retracted from the beam line

®Special low-intensity runs for measurement

~ Design on May 11,98

2750

Pion monitor
Gas volume

Photo detector
20 PMTs

Beam wind§w

Beam view) . o




Pion Moruta- Results and Fithrg

Pion Monitor Fitting (November)

@)
% £ 30 2 30
= B =] B
® = 20 m g 20 —
@) = + (@] - I
® 2 10 | s | 10 m +
o) S T TR Mhatte < B te % Mt
@) 10 20 30 10 20 30
Q PMT number (n=1.00041 meas.) PMT number (n=1.00048 meas.)
To¥
Q@ Z = £
= = =} B
9] e YF 2 40 | ‘
< = < B
@) 20 E @ 20 | :
> U = > -
-« [ + | < E
0 -l Lol \LL L 1 L L L 1 0 L 141_& | L 1 L L
10 20 30 10 20 30
PMT number (n=1.00058 meas.) PMT number (n=1.00074 meas.)
z 30 [ Z -
g 9 £ B
g o | 2 100 :
2 40 F 2 s |
< 20 | < g
WA o doele 0o L L = | 0 b \ e wl |
P 10 20 30 10 20 30
. p TC PMT number (n=1.00095 meas.) PMT number (n=1.00129 meas.)
Zz 5 =
= E = B
§ 150 § 200
g A E Q 100 |
= s | > -
< F - -
0 k L e e & | 0 b— (B e 2, o e R V| R
10 20 30 10 20 30

PMT number (n=1.00176 meas.) PMT number (n=1.00242 meas.)



Pion Monta: Unfalded Result
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Spectra from Pion Morita~ Measurement
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Flux Ratio from Pion Morita Measurement

X mI{(E v)=(DSK(Ev)/ (I)FD(EV)

o 03 Good agreement between the
§ I - pion mornita- results and the
8 ! £ Pion moritor beam Monte Calo above 1
0.25 B Neutrino Beam Simulation GeV
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Muon Morutar
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KeK Experiment: Schematic

Near Detector | Beam Monitors |
MRD | | Lead Glass| |SciFi Lsi Pion Muon MRD
Water Cherenkov . morllitor
monitor *Rate stability
oD: . . *Pri b o . eye
NObSCI‘VCd NObSCI‘VCd observed P10Ir)1 ké;tmatlcs stglbnillail:}}: cam Directional sta.ll).lhty
Muon/Fe SciFi 1kt T *Targetting Epeei Sty
Confirm above
| i Uncertainties in 1 GeV Current
i i the absolute flux Transformer
! . normalization [« , Beam Monte Carlo
| | and cross Far/near flux ratio *Primary beam
i 1 section cancel , ,
! ' out between Intensity
i i 1kton and SK
R N expected observed Super-Kamiokande “

SK SK

Consistency check

Comparison
This talk : Number of events
Future : Spectrum



1 kton Event

H,0 target (same as SK)

Same detection prindple as

SK

— Rate normalization in

calculating the
epected number of
nm events at the far
site.

Fid- Mass: 25 ton

Event selection:

@tot>1000p-e-

[(vents/100 spill



MRD Event
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Run 2279 Spill 18568 TRGID 1
f00 124 42423 0

Beam

Top View

v

0

Saf Event

Neutrino int. in SdFi H,0
target (+AL 20%)
Pos. resalutdon [1 1mm

— well defined fid. vol.
— multitrack resolution

Fidudal mass = 5.9 ton
Event selection: matching
SFI & MRD track

1 event/1000 spill

Study neutrino inberactiom e-g-

Ginelastic/Gelaslic



Protons Delivaed onto the Target
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Beam Diecton

Vertex distribution of MRD events (Nov99)
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Neutrino profile stability (99June - 00June)
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firred cenrev {ch)

Stahiliby of the Muon Profile Center

B Spill-by-spill
- measurement with the
:— muon monitor

B Stable within = 1 mrad
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Fe events/5x1012POT

Stakulity of the MRD Event Rate

Fe event rate stability (99June - 00June)
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Arkitrary Units

Stakility of Muon Energy and Angle
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Expected Number of XX Everts

obs
N kt

exXp __
NSK — 'R'8SK

R =
Mkt jq)kt (Ev)'O-H O(Ev )dE
N observed events in 1kt
€1t : detection eff. of 1kt
€ sk : detection eff. of SK

: fiducial mass ratio
kt

NP =37.8+0.2(stat.) 3 3(syst.)| from 1 kton events

. exp __ +6.0 g 5
cf:Ng =410 from MRD events These results are consistent with
: NP =37.2%° from SCIFI events each other.




Systematic Error

N =37.810.2(stat.)

+3.5
—3.8

(syst.)

Near/Far Ratio J_rg %
1kt (mainly AV/V) + 5%
SK(mainly AV/V) + 3%
+9
Total "0 Yo




SK Event

Super-Kamiokande

Charge(pe)
L] >26.7

--------
zzzzzzzz
--------
--------
oooooooo

KEK Beam
direction marked
by diamond

L (k L
1000 1500 2000

Times {ns)

K2K event selection at SK

. No pre-activity in 30usec
. p.e. in 300ns window > 200

. OD Nhit in largetst
cluster<10

. Deposite Energy > 30MeV

. Fiducial cut (distance from
wall>2m)

Detection
efficiency
e=79%
for CC:93%,
for NC,, .:68%

me



SK Event (Category
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Events vs POT

FC events in 22-5 kton fiduddl valume
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Arival Time Distributon
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Observed vs Expected at SK

Obs. No Ocsi.
FC 22.5kt 28 378 T,
1-ring 15 22.713.2

u-like 14 20.843.2

e-like 1 1.9404

multi
ring 13 15.14+2.5



cos O Distribution

l-ring p-like

' Preliminary

¢® Data |
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Need to estimate syst. err. in MC expect.



Reconstructed 1 Momentum
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Reconstructed EV

Fully contained 1-ring u-like (22.5kt)
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\Visihle Energy
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K2K Run in 2001
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Conclusions

B Methodology of a long-baseline neutrino experiment established.
e Beam steering (direction)
e Time synchronization between near site and far site
e Monitoring of the neutrino beam at near site

e Prediction of neutrino beam properties at far site from near site
measurements

B 229x 10°POT accumulated from Jun 99 to Jun ’00.
# of fully contained events in fiducial volume (@ SK
e Observed : 28
e  Expected: 37.8 35 ; . (W/0 o0sc.)
B Deficit of ~1GeV v, after 250km flight at 90% significance

B Statistics doubled this summer



Future

B Spectrum analysis
B v_appearance
B Study of v, interactions at 1GeV region

B Upgrade of the near detector in summer, 2003



Upgrade of the nea detectar



Upgrade of the Near Detectar
(Segmented Liguid Santllsta- with WLS Fiber Readout)

C ell - Photodetector (MAPMT)
Wavelength Shifting Fiber
Large Volume: 4x4x2m? ~30tons
BOBGO0A Fine segment: 20x20x20mm?
4 Structure .
y One cell 1s read-out to both X and Y
i directions by X,Y fibers.
] £ . .
c g Large Light Yield:
g | 20~30 photo-electrons/cell for
= g o v—beam
g MIP
4m ! E fi Liquid Scintillator Pﬂfthle 1D:
g | p/m : dE/dx
g | g W/T : range
& i: / 4m #channels : [ 40,000
S :
Qg aag e agp



Upgraded Nea Detector
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Event Simulation

K2K Fine-Grained Detector (Top VieW)

Run900002 Spill 105 TRGID 1

101 2 553830 0
Nvtx 1

vi typ 1(CCge) np 3 t .27E-06sec

tmd= 80 ( -90.4 54.5 260.4)
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0.196GeV/c 0.020GeV Target n
1.048GeV/c 0.947GeV w
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Neutrino Energy spectrum and the ratio
w/ and w/o osdallaton

Reconstructed Neutrino Energy (MC)
\ \ \

Uncertainty (f0W) 4 ammmmm .o nul |
Uncertainty (wpgrade) V|t 2222:%2.303
20 - B
o —

0

0 0.5 1

1.5

Spectrum ratio ‘ - ‘
260 B -
05 F ¢ —_— i




JHF -to-SK Neutrino Propct

http: / /neutrino-kek. p/jhfnu/
Lette~ of Intent: hep-ex/010k019



Overvi ew

onal n beam)

eNmM NX disappearance d(bDmy?) ~10%ev?, d(sin“2q,) ~ 0.01
eNMm Ne appearance sin?2q,, ~ 0.01
o NC measurement N ® n /N, ® ng



JHK Accelerator Complex

N
I Pacific Ocean

JAERI@T

(60km N.E. -o‘f KEK) ﬁ

Construction

2001 - 2006 |
(Approved in Dec. 2000)

Construction of neutrmo beam;
lines 1s not yet approved

400MeV LINAC

JHF MINOS
E(GeV) 50 120
Int.(10'2ppp) 330 40
Rate(Hz) 0.292 0.53
Power(MW) 0.77 0.41




Comparison of Three Beams

Target: Cu. 1cm®, 30cm rod
SK size: ¥ 500m

v, WBB/NBB/OAB v, WBB/NBB/OAB
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Peak @ 800MeV~1GeV OAB/WBB long HE tail
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OAB produce very intense “NBB”



Number of CC Events with Vaious Beams

<400 — T =400
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WBB:5200 CC int./22.5kt/yr

NBB: 620 CC 1nt./22.5kt/yr (2GeV/c T tune)
OAB: 2200 CC 1nt./22.5kt/yr (2degree)



MNS Matrix and Parametas

B MNS mixing matrix

—id

V., Ci2Cis $12C13 S13€ vV
i5 i5

Vi [F| 7512€s = CiSi35,€ Ci2Co3 = 51281353€ CisSy [ V2
i i

v, S12823 T €2 5130 55€ TCip82 T8 8130 55€ Ci3C \ Vs

®three mixing parameters,

12> Y13 023

®a cp violating phase

®mass-squared Am,, A,
differences



vy Disappearance

1ring FC nu-like

Ratio after BG subtraction
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Preasion of the Pa-ameta-s

NBB-3GeVr, OAB-2degree, NBB-1.5GeVn
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Ve Appearance: Expected Signal and

Background
OABZ2° Syear
a3 | .
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Ve Appearance: Sensitvities

In the SK allowed region
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NC Measurement

2 #rt¥ + #e-like
# of NC events § 450:

o : vV, >V
NNC e P,Lt—)active — 1 — P,Lt—)sterile 'B 400 . :

g 350}
®NC/CC sensitive to v, § 300k
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®NC Enriched Sample T 250}
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JHF =to—-SK v Second Phase

— %200 statistics

B Goal of the 2nd phase

B Hyper-Kamiokande: 1 Mton wate~ Cherenkov detectar
B JHF beam power upgrade: 4MW

— sin?20,, sensitivity below 10-3 (if 0,5 not discovered in the 1t phase)

1

90%C.L. 30
—_— = 5BG=10%
17 — —  8BC=5%
10 3 e ——  8BG= 2%
or
10 E
-3Z
10 E
E HF — SK Syear
-4 5xJHF—20xSK 5 year}
; 10 I L """'|2 L i b
1 10 10

3
10

Exposure/(22.5kt x 1021pot)
— CP phase ¢ to 10 — 20 degrees (if the solution to the solar neutrino

problem is MSW-LMA)
— Proton decay (p — Kv, e*n?)



Hyper-Kamiokande: A Next-Generation Nucleon
Decay Detectar at Kamioka
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Inner Detector -

1 Mton: Total Length 400Om (& Compartments)



CP Vidation

~ Prob(v, — v.) — Prob(v, — v,)

- Prob(v, — v.) + Prob(v, — v,)
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N(e™)

CP

Sensitvity
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- Ocillation maximum and low neutrino energy
Signal enhancement relative to the backgrounds.

- Double ratio: cancellation of systematic errors

PV,LHVe(faﬂ Pﬂ,l,ﬁﬁp,(far)
P, (near) / By, (near)

- CP phase 0 can be measured down to 10-20 degrees.



