EREEBIIESIRILT—ILESRFEE]

RiREMNR2RZ L=
RAF R F%EER (DA AT

AP A1

/’ "‘ J'P/.lRC Center
o7 FHFRFHRT(EDaY

KEK BEIRILX—INERS
- RAFIRFZERT

FE

=

E-mail: kazuhiro.tanaka@kek.jp



ShIEET &

o« RoREMEEFJ-PARCOME L/ MOV EER

R DR

il

s fs e DAE

o E—LEELE—LIFE

U5 . Wiz A
= — L HF250kmBEENT=89(ZH T

o ZJ—F')/
D&



REHR=—1—M) /IR EER



NS VvEER

VIRENFEL ; TR

v,—V iREIZRE ; TR

BF=—a—K)/

N
3

Number of Events

Multi-GeV e-like

—a—k)/D

u=a1—k)/

eV u-lik

=

BE TR

HERkD EAMILRA
TLbH=a—+rY/
DDA D HERDE
fBMN™SD=—a—Fr1)
J EYEHIZLN, C
DEBAMNML=Za—
) JIREIAERIN
T=o

FiEFZ55E



LGRS TIGHT DOOR: o i

SR HELIOM, ORCULATING SYSTEM
& < 4= PROCESS CONTROL. RiM

. BROCKHAEN SOLAR
- REUTAINO CRGERVATORY

STCl+v->3"Ar+e
3’TAr(EC)->3"Cl, 1,,,~35days
| AB=a—t)/(FEHFRED/3

Raymond Davis Jr.
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SK ND (2KI)
< 250km >

Atmospheric Neutrino
Accelerator Neutrino

Kamioka, @

K2K,
MINOS,
etc.
KamLAND, SNO
Solar Neutrino

T2K '
@ —p @ Reactor Neutrino




Long Baseline Neutrino
oscillation Experiment

ment

K2K Exper

Far Detector

Mt.skuba
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Neutrino Beam Facility

Franﬁ:letector "'V /

—mnmtor o A

Cu’hnt
Hall

7# Decay
" section

(M—HPVy)

Primarybeam line

Side View



( fNeutrino Beam Line
To SK Muon Monitor and

Beam Dump Experimental Hall
————— T-Station

Front / ‘liaxk;‘\ i
e _-i}/;}\.»-‘;**u.i P |

Detector Decay I ey SRS .
Volume L . Arc Section

/ X 4

Beam Dump

f ~ Straight Section
— " (Extended EP1-A)

2nd Horn /
(Reflector)

Production Target &
1st Horn(Collector)

2 100 m KEK 12 GeV PS




Primary Proton Beam Line (Extended Part)

|nf

J
.
b s
I 9 E L
X 10
t
L ts-

T Arc (Bending) Section,
No Crane i1s here.

«—Slope (Straight) Section,
5m/72m. 20t Crane 1s here.




Primary Proton Beam Line (Final Focus Part)

Q-triplet and Correction Magnets — Horns



Horns, Target & Decay Volume

front dump decay pipe HORN(target) 12GeV-PS

delﬂclm

.W@ L — * Two Horns
) (Collector & Reflector).
300 253::: i * Built-in Target in

Collector

e 250kA Operation

« 10M Excitation with
30mmeTarget

« Transformer near-by

e 200m Decay Volume
filled with He.







Horns for Pion Focusing

1st Horn ~8m ; 2nd Horn (Reflector)

12 GeV Protons

e Tandem horn system (1st horn+2nd horn)
e Operation current 250kA at both horns

e High pulsed current 2.5ms width, 2.18s cycle
e Total joule’s heat=7740 kcal/h



TARGET AND HORNS IN

:: Soil
T 1 ‘fqu Concrete
23 2"d Horn
N L i 7 s :
) Iron ~ Target & 15t Horn
X % v el s B < s & Beam
5 = ==
. I : z : [ [
Stripline-2 Stripline-1
Transformerl,2
""" T T f._fﬁ Ahais) B
3 i LT LT A roraves "
= Il b e
. "N
Cave size (W3.7m, H3.8m, L17m) e : i

Cave — Radioactive air is closed simplify.
Both transformers is set inside beam line.
Stripline-1 : 9.3m, (Cross section t15Smmx320mm)
Stripline-2 :12.0m, (Cross section t1 Smmx320mm)




Power Supply

Peak Current =250kA peak,
Pulse Width =2.5ms

------------------------------------------------------------------------------------------------------------------------------------------

e Capacitor (500uF/unit) :

7 units @ 1% Horn, 8 units @2" Horn
e  Thyrnstor Switch (1.2kV, 3000A) : 3 units 1n Series
 Trasformer Ratio =20:2



. . Primary Proton Monitors
+ Profile

— Luminescence Screen (& Y& 4x)
— SPIC
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Segmented Parallel Plate

Ion Chamber (SPIC) | . ated in He
to ADC  Work 1n fast Beam
with Time Constant
Circuit.

e 64ch ADC readout
(H-32ch, V-32ch)

Proton
beam




Decay Volume & Muon Monitor

Target Position

Muon Monitor GPS-T1
GPS-Mu2 Decay Tunnel
‘ Entrance m
Beam Dump AT\ i

SSD
i

[ = |
i e v R

¥ = e

T-Station

Muon Pit
| H 200m

1st Horn
V39out SPIC

Target SPIC\

beam line

U —pit floor



Muon/Proton Beam profiles

Proton Profile measured
by SPIC. |

Date [Mon Nov 03 17:19:30 JST 20(

MUON X Display: MUON Y TGTSPIC2 X

8.805T B = > : ¥
“Ffax 78051 (ASAT0) cnts=10)  Data Pt ] 3.3971 Bflax =23971 (18.2/19.0)
---"-._ J Spi"_bv_Spl” HOLD | 2-71 T-WHM=7-53
®A lat .
ccumuiate UNHOLD | 2.038:M.M.S.=4.03
240 320 T 00 80 160 240 320 1.3584"E4
6.7941E3
: SSD X Dl SSD Y 0.0
7.150TBfax —61502 (3.86/4.00) cnte=100  Data Plot: Py 7.49"H2 \ax =649 (4.26/4.00) ’ 0.0 8.0 16.0 24.0 32.0
5.7203 "BWHM=7)  soill by soin_PESET | 5.99°HZ FWHM=8:+4
4.2907T p.=2.25 a AP' - y; pi oLD | 4.49*E3 R.M.5-=2.24 :
2.860°E Eeomtied  enoinl SOEE — m
1.43'H3 oL | 1.5°EL 1 Ch_ 1 27IIl
%% 0 8.0 00 g9 8.0
_ SSD NW (1) o SSD NE (/) :

3.69642'Rax 269682 (1.95/2.00) cntd=100  Data Plot: Display: 3.796F%nax =2796 (2.13/2.00) 4.2399" TATSFIC2 ¥
2.9574F BHM=3.3  spilLby.spin "ESET | s.0s7ESWHM=A.5p : TMax =32399 (13.2/13.0)
2.218 '%gd S.=1.17 = R HOLD 2-278_E§'M's'=1’
1.478TT°E5 Accumulate ?PTHHSB 1.5181E3
7.393¢"E4 7.59*
00 o 00 =

TMuon Profile measured by
Muon Chamber and SSD’s.



Front Detector as Neutrino Beam Monitor




Front Detector
Photograph

—1kt Baby Kamioka

«—SciF1
—Lead Glass

<—Muon Range
Detector



Front Detector Configuration

SCIFI/Water
target

Muon Range  Lead
yr Class
\
A\

™

Detector

1ktWCD: Same Type Detector as SK
MRD and SciFi: Fine Grained Precise v Detector
MRD: Massive and Large Solid Angle v Detector
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Neutrino Beam Profile (MRD)
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* One Month
Data

* Dot-dashed
line: Center
from GPS
survey



Super-Kamiokande

(Completed in April,1996)

50,000 ton water Cherenkov detector (22.5 kton fiducial volume)

Livetime (exposure): 1289 days (79.3 kt-yr)

N

41. 4m

40m
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Neutrino Energy (Monte Carlo)

Neutrino flux at Front Detector (KEK)

: {ﬂH KEK
- H (300m)
o

TP e — S N
E 2.5

)
‘manber of neutrinos/om
~ ~ ¥
N
&
)
o

6 ,1 22_ . ;
E,(GeV)

]
E(GeV)

Neutrino flux at Super-Kamiokande

Neutrlno Profile (Monte Carlo)

03 neu rino flux vs radius (at super-Kamiokande)

number of newirinos/ o

°§§§§§§§§§

KEK

- SciFi

02 4 6 8§ 1012
R(m)

: Mu/Fe- . o
10mrad D

nad ites (crm)

& oo
- - -

J‘ﬂ

10mrad

manber of nemrims/

S I A




Positioning Precision from KEK to SK

Experimental Requirement:

=+ Imrad (Long Term)

» Positioning by GPS and Optical Survey
ttorizontar=1-2M, yergiea=0.7m,
~ +0.005mr,
* Beam Line Alignment and Monitoring
Horizaintal ~ =0.02mr,
Vertical ~ =£0.05mr,
* Beam Control and Tuning (Short Term)

Horizaintal~ £ 0.03mr,
Vertical ~ =£0.06mr,
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Muon Profile: Centoroid Stability(
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Beam Shift Correction

o lch Shift (day) Muon center status (before 24 Hours )  16.53.03 03/11/2003
. . 5275 b
e 2ch shift (night) | = L
l 2225 —
20 :_ .
Human . e
Correction o1
12.5 ;—
0 F
v v b | YT 1Y Liggalgwag sy ysaldsavetyppgly
-225 -20 -175 -15 -—-125 -10 -7.5 -5 -2.5 0
= 26 ¢ (hours)
S 24 |
*DCCT error? = 55 -
. = 0 E
*Magnet coil? 18 | -
16 [ e e
*Jon source? s e
12 B
*EX septum? 10 |
C 1 v b gt by v b by s by b Lo v g

-225 -20 -175 -16 =125 -10 -7.5 -5 —2.O 0
(hours)




Muon/Proton
Correlation

r— Concept of the Horn Lens System

X-100

""--
-

S
Y
A

/‘

an
(@]

I Mesuéred Res:i)onse

Muon Centroid (cm)

v38 TGT
SPIC  SPIC

Magnetic

L -Monitor
or FD

.
- z e
b : ~
: : ~
: : ~
H ~
: .
: : ~
" { i ' : S
_150 L 1 1 i 1 1 i 1 i k. 1 ] 3 L 1 13 i
-1 -0.5 4] 0.5 1

incident Beam Position (cm)

 Horn 1s —100 times Image

Magnifier.

* For accurate aiming, stable

positioning of proton beam
on target 1s essential.

* Beam monitors of primary

protons are very important.




Neutrino Profile: Centroid Stability
(Muon Range Detector)
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Neutrino Event Rate Stability
(Muon Range Detector/POT)
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events
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Event Number at SK/POT

FC 22.5kt

30 40

POT vs events

20

Cé%:%é@“ﬂé@é@ﬁfﬁ

50 60
CT *10"® POT

10

10
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10

FC 22.5kt

log likelyhood

mean slope = 1.14/10"*POT

fitted slope = 1.17 + 0.16/10
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PP P B R

235

3 35 4
CT diff *10" POT



EvEnis
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SK Event:

Time |
e -500 -250 0 250 500
Resolution AT) e
020
‘E i
Q
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10 F J
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0 s ; ; o = . 1 g g
-5 0 5
A(T) us

-0.2usec = IT=T_-T, ,-TOF =1.3pusec
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Observed SK events 4.8x10" ot (Jun99-Jul01)

F of observed events and expected events
1999 /06-2001 /07

Am?( <10 3V 2)

Obs. No Ocsi. 3 o T
FC 22.5kt 56 80.6 TI> 524 346 292
1-ring 32 484467 281 17.8 16.6
p-like 30 44.0+68 244 146 135
e-like 2 44=+1.7 37 3.2 3.0
e 24 322+53 243 168 12.6

FC 25.5kt 16 2633 1.5x10"%pot (Jan.03—-April03)

12.7 )
Cf.MRD: 87455 SciFi: 87.3 1%
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J-PARC

- | § § } J- j- pmpepny
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J-PARC

(295km)
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Super  4om FEEmmEET £ -2 hU/ SamZa—hUs ey
Kamiokande (i &2 12) (FHR)
Atmospheric Neutrino rore rore _
Accelerator Neutrino % == 1 t_ﬁ-u.r 30D =—a1— I‘U /
P @ BEEATHATYO TIAE
ﬁﬁbs, 0,3 Mixing between the 1st and 3rd generation

etc.

O,

KamLAND, SNO -y .
o " Competition with Double Chooz,
T2K Solar Neutrino

> Reactor Neutrino D|ya Bay, FNAL, etC.

45
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Neutrino beamline

Focusing Production of &

Electromagnetic horn

Neutrino monitor build. Graphite target

UA1 magnet donated
from CERN installed in
Apr-Jun, 2008 on
schedule

Confirmation of
v production

Beam dump completed (&=

Target station completed

On-site detector Decay volume completed
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v, appearance at T2K 2020104 452 @m0

. June 2011: LI assuming Sii20m—1
6 v, events = 2.5 o, Indication? 2k preliminary
* June 2012: ;
11v, events = 3.2 g, Evidence! [ Normal
(Expected BG (0,,=0) is 2.73+0.37) oF -0 c1
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600kV/10cm

0.5m 0.5m
) L=6(m) X 1.5m
L=0.5(m) L=0.5(m)
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