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WICREWZ Enbholz, Yy R T UMD
10 FELLER D, BIE T v~ ot ©
12Bu 23 b WETREDOERE & 72> T D, K
RE U CHUINRBIRED @ <, ERUARDIRIED B ik
VX7 - TV R,

10° . T : . T . 1 . n107
‘°'| (a) core 1 —{10° @
10° ®:Na-22 H10° %
lO"L A: Mn'54 lo.lo d"
O: *aial E‘
107 A:Co60 H1o'" S
103 O: Eu-152 11072 g
~ =,
20 o4 10" ©
[=a
e 1 1 1 1 1 L1014
.? 102 T T T T
B 10 (b) core 6
< 10° H: H-3
@®: Na-22
10" A: Mn-54
10'2‘— A: Co-60
O: Eu-152
10"L - =
107 -
10-5 L " 1 1 1 1 1
0 100 200 300 400 500
Depth (cm)

Fig. 6.5 KEK ® 12GeV BB FII#ER EP1 E— AT A D
IRBED a7 ) — MNEFOBURIRE OTRE SR [11]
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142.9 Bq/g

Fig. 6.6 12GeV BT IN#E#s EP1 OIIEBED 27 Y — MEREH D
T o< IR R O ERREDEIS [11)
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7. RAFZEOBEHE

7.1, IERERHERRIZ BT 5 REAGREOBR

NERES MR I, IMEZREN 2 IR S 3 7E SR
B LTHINPRES N TN D, dOEIT IR
THMNE T, YL DEEEh & DZHEAT D,
FOCAT IR IR E AL P R FIZ S B ST,
ZWRLF DRI Ko TS EN D, Ko
T, WA OB IEREE & 70D 2 &
B> D, ML L7a0esT 2 RI s BEEY &
LTHIEWMY ZTORWIZDICHEEFN TERS
NTIT< o RE RIMERHERE T ILdOEAT ORISR
BERY, TOREFEMOLEHEED KE W, KB
DB, fOEZMOBRRREL 2> T D,

7.2. B EOBEHE R O M DFER

HOLITIZITE @ & BWRERH Y, fibihT
WHME N RIS, Fio, I, HOBATICHART
EHEMTERBEEBENTOIR N A A —F
(LED) HEBAN & L C&E T\ 5, BEEY OJE %
BRILLZICEORAZRIRT 200 FHTH
LHOMERE L T MERboTZ, £2T,
YR58 E D FLEE R 4 D D B g B ge =
N CARREOEAT 2 OY LED BRI A2 k12 & 5
L, Mt & BREA & LT OMMANEZ G~ 5 FZER)
frbni-12],

Table 7.1 |2 Z @O EBR T DN T @I KO
LED O —% 4/~ 3, [F U A —H—THltiE
DOEIREN R HB-ENHTNDDT, FITA—
T —ThA RRIEO L ONHE ST, 2OT &
O LED BRI AR U 72 B PERE AR & 2 D it
REDHIER % Fig.7.1 12737, METREIT RS
T 25 HZDOETod 5, 1L Fig.7.1 D(a), (b),
() MK E 7 = v 2 g8 #F 52 fF (FNAL) &
120GeV B - Inidgs O iz (23 TfThoiv 7z, (d)
IWHBER RS A 72 e T, 18MeV B1iE
#E AR ZE N2 W T RRL A BRE LT,

TRKIFIRE 25 BIRICRBWT, EEBAORAT
& 3 REAOLT om0 AR L LT 124Sh
(1 60.20 H) 23VVRGTEE TR S vz, Z
FUXH 7 ATE F5H 1238 Ol IC L

Table 7.1 KRR FRREABRZIT- 7=
HOEAT & LED B —E[12]

Lamp type Model name teniz:(;;we Manufacture
Fluorescent FI5T8/CW 4100 K General Electric
lamp F15T8/KB 3000 K General Electric
(normal) F15T8/PL/AQ 3100 K General Electric
FL10D 6500 K MEO’
FLION 5000 K MEO'
FLIOW 4200 K MEO"
Fluorescent FLIOEX-N TT 5000 K MEO"
lamp (three- FL10EX-D TT 6700 K MEO"
wavelength) FL10ENXF 5800 K MEO’
FLI0OEDXF 8000 K MEO"
LED lamp LTL-10W 4600 K OnWave Corp.
LTL-10L 3000 K OnWave Corp.
EH33-T78 5500-6000 K e-half Co., Ltd

MWT-10SMD-CL  6500-7000 K BLUE WING Inc.

*MITSSUBISHI ELECTRIC OSRAM Ltd.

DAERKRT D, HEE AT OLA X Z O 1248h 2
TR BE R CH DY, 3WER Tl oE
NS BICHRVRSTRE TR ST %, 182Eu (o
J] 13.542 A=) L 160Tb (i) 72.3 H) TH
%o SR I ITITA LR OB IR ME
b TEY, BIEu & 159Th O E M- K
WZR VAT 5, FRCHEEIE DR 152Eu DARL
X, RETOBIRBRE B HIRFTE 0,
Fig.7.1 OO =E TlIm T R/ ¥—D
WL DML OIEERE LD L2, TT7 RAZEHEE
IWABESE & 7 A B ORA IO G T "Be
CE! 53.29 H) & 22Na (=il 2.6019 ) 28
AL TW5D, BEHBIZIEREOEREIZ L D
REREFEWTIR OGN o7, ZTHE N HHEEAT
\ZOWTIE, EEEOLF N 3WER LV bk
CWVIOBETIIEN TS EWVWIENELN
776

LED B O%A X, 5T 2 B MR Y E 8
ITEBRp->TWD, iz, Mk E L AL
NDe AT 20BN 1FELY SEWVEH
HREFENMZEAETH Y, ST L0 b AR
REME L, BAHEOBLETIX LED BB X8 ek
BEEBET D, LnLRRs, sUTHBRCIIlB#%
DIFE A EDENIT N IEFITHIT Lz b
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16000

12000
8000
4000
0 lm
rrrrrrrrrrrrrrrrrr 5:5 3 3‘” 5|3|8|5[3[B]3|8|2|5|5|3|3[3(5|3|3|3|3
SR M E B B HEE R HE ;
£l512|31512| 313 315|83]5(8(3] 5|2 [3]2|8|5|9] 3] £|8]8]¢
ke e PR LR fﬂ. 10W :TL 10L MWH:SMD E:33 T78U
Fluorescentlamp Fluorescentlamp i 3 ; Z
(three-wavelength) (normal) LED lamp
3000
2500

L |
(on
[a1] FL10ENXF | FL10EDXF LTL-10W | LTL-10L MWT-10SMD EH33-T78U
—
Fluorescentlamp Fluorescentlamp LED lamp
_E,“ (three-wavelength) (normal)
S 400
Q (c)
< 200
100 ‘ 1
0
§5@%5@%@&&3“@%&@7@&&?&&“%§Eﬁ&“%gS“Q%é&%f%%%%%&gfﬁ@%g&%
G e e B e e e e e e R B MR R G R W R I R e G S
£ < b4 <
FLI0EX-N | FL10EX-D | FL10ENXF | FL10EDXF | FL10D | FL1ON | FL1OW | LTL-10W LTL-10L MWT-10SMD EH33-T78U
Fluorescentlamp Fluorescentlamp LED lamp

(a-1) (a-2)

(b)

-

(three-wavelength) (normal)

(d)

Tb-160 | Eu-152 | Sb-124 | Tb-160 | Eu-152 | Sb-124 | Tb-160 | Eu-152 | Sb-124 | Tb-160 | Eu-152 | Sb-124 | Sb-124 | Sb-124 | Sb-124 |Ag-110m|[Ag-110m)|

FL10EX-N FL10EX-D FL10ENXF

Fluorescentlamp

FL10EDXF FL10D | FL1ON | FL1OW JLTL-10W]|LTL-10L

Fluorescentlamp

(three-wavelength) (normal) LED lamp

Fig. 7.1 MEZRFIZB VT KRBT & RS L8 T RO

LED FREAHIZARR UT- i MR & 2 o ikt aE [12]

W REI T HRGHA T 25 H % D,

WG, (): iK. = FNAL NuMI Hadron absorber {#,

(b): #[E FNAL Main injector & — 2 7 A 4,
(c): k[E FNAL NuMI Alcove-1,
(@ WBERRYA 7 v br =, 6T OFEMIE Table 7.1 2 &4,
%D Ef %< @ LED EEED?’C“ I, BUT Loz WERETHEHTHIZEARMETH Y, HiEPEE

WRRLNTY Uiz, B\ - Bkl
/1@97xumcm2%ﬁzékﬂﬁﬁ%0
K2EENRA LN, 20 s, LED |

7))L

By EB
R %El

HECEI R

iTi)iﬂi%)ﬁL’Cb\é&,%ﬁAéﬂé L L7
5, A&, tERRNSHICIT O AN NEIC e D7
IAICE L TS O R0 MDPLETH D,
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8. mHUKHOMEHEZIE

8.1. WAHIKPOBEHEZEDOBE O EEM

BT AR — G IEES T, B A Z IR -
FHET D12 DOEMA RS & S DR
72 ERE 2 IR IO AP BN TWD, Zhb 0
BERRIE, BET L7201, EBRATAR L TRE
Zay ku—/LLT\W5, Fig8.1 IZEHT R /LF
—INEER OERR O M HIKELE Ol 2 G HE R O H
RKENTRd, MEEFEIEILI N GEE 218 LT
HERAKPIEER LTV 5D,

BEE CE—LAm AN Z 5 L BTN
FAEL, KRSZENNFRAIL TV D EEZED L3
%o IKOMERITSRE T b DR ORI DA S
T Be = bV F U L7 EOREHERRENERK L,
F7o, BlUESE TR S8R ORI S
THSHET 5, &8 P CAERK U7 i R AR,
KRG RO C DRI I E B = R L ¥ — % 15T
W, K EBET 2 &R O E TR HIT i &
b, £2, EPictEEFoTnzELTYH,
EWIICIXERICE D KRFICETHT Z Lk
Do fEHRE LT, MAKPIZITR A 72 S R
NFET D2 LD, mEKIZESICHER T
Do LU D, BUBRRENSEEEL Y &
WEHEKTE 22V, LT T, HEIK T O b
A O B WU A RE O BRE 1L, HUR R E B
b, BEREEO—-STH D, IHE, BTRILY
—EeE R L D HET e IR AR AR (2 BT, A
Kb ofgttgfoay ho—dE+T 4 H
B\ TETW5,

8.2. A ZF VAR X B EREREDRRE

— I, WHKDOALFHIME 2 & < RFF 5
7202, WHEIK Y AT BT A A 2 B IEES A3
B SNTWD, WEIKE A 4 o s R 28
L, A&, 4 ZHBRICRESELZ LT
WA E <o T 5, Fig.8.2 (T4 A a3 #ukst
JB¥ETOA A2 ODWHEREDOBEEX %2R, A A4
VAR BSHIR B I HIK Bl & T, AR
TFET D G TERETE © A A4 v 2B IR I 25 S
FCRET L2 Z L BRFICHIFRL TV D,

12-GeV p Acc., Transport magnets
(KEK, Japan)

- -— =
) e 2
gl » e 3 3
I " [
\ g i =4
¢ —aN

12-GeV p Acc., Magnetic horns
(KEK, Japan)

120-GeV p Acc., Collection lens
(Fermilab, USA)

Fig. 8.1 m T XX —EZED
B DG EKEE OF (ARED)
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Mg DB HK S AT 2Dl E L
T, Fig83 I KEK OD==2—}1V /
E— AT A D K2K M & TR —
CREHKTS AT LERT, AT D
DK%E 2 OB/ — 2530 LT
B, RS THENCERT 5, 2
DEHIK Y AT DIFA A v 22 kit i
BABEOIRELAL TR, A 4K
Bt iREE IC AR 283 2 & T
BOMIE 2 > Z & L R PERERE O bR
EE1TO,

Deionizer

dirty water pure water
non-radioactive

radi v
adioactive e

water

ion-exchange resins
mixer of anion-exchange

‘ resin and cation
-exchange resin

Fig. 8.2 A & L ZZHAR g T D
A F v O ERRE DA

60 L/min 2nd magnetic horn
....................... "
12GeV protons §
from KEK 12GeV PS : =
5
T 18 L/min
B :
:ﬁ | . f S a g prefilter postfilter
- -
i a a
260 L of ion-exchange resin
water (AmberLite, MB-2)
\ . .
N
ater fank deionizer

Neutrino
beam line

0

S

"_....--

demineralizer (ORGANO, G-35)

Neutrinos
to Super-Kamiokande

L=

Beam dump

Decay tunnel
(R v, )

Neutrino
target station

Fig. 83KEK D==a2— U ) E—AT A IZBIT D
K2K A & BREHR — 2 DB EIK S 2T A[13]
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K2K 7mox=7 MET LT 2 3412,
K2K HEM & EBWA— L HIK AT DDA F
AR ES 1T 25 L T B R RE & 2 D ik
Faezdid Liz[18], RO —HE% Table 8.1 |2
R, FORBILEE K TRFOMEICHE L Th 5,
A RFIZIIREIS 2 A2 20000 L T2 72 O LB
HOBREITRE SN TR, K5 FHOEEED
KA T % Be OB REDN R b <, R
LEBEE—VDOEZEMTHLIT VI =D LGS
o 22Na 23RV CTrEvy, 0, FAEL T
Mol Z EThHDHIN~A T —WETH % Hi A
v ¥ D 54Mn, 57Co, 60Co & R A » F A KD
88Y, 101gRh, 102mRh, 110mAg 753“,%1,\}?&%@%*@*@& X
Nic, ZOZFHO BN ORI, WmAEIK
P OBISREIHNTIE, WEIK & BT 2WEIZH M
DOEBEBMETHHZ 2R LTEY, ZOkKk
R, ObD K2K EBRONT—7 » TR TH 5
T2K EERDEHEHIK S 2T MIENENT-,

— T CHAMEEREOBRENFERTIER N E N
I FEMLE Bonho 72, Fig.8.4 12 K2K HE) & 7 —
VIWEIK Y AT LD A F R IRES IS BT D
IR YERRE OWE i E~T, RE T T3 D

Table 8.1 K2K R & R — U BEIK S AT LD
A F U RBBIREICRE LTz
LR & Z DFEETRE [13]

Nuclide Half-life Activity
Be-7 53.29d 0.7 GBq
Na-22 2.0919 y 57 MBq
Mn-54 312.3d 3.7 MBq
Co-57 271.79 d 4.2 MBq
Co-60 52714y 1.2 MBq
Y-88 106.65 d 4.2 MBq

Rh-101g 33y 0.9 MBq

Rh-102m 29y 1.1 MBq

Ag-110m 249.79 d 1.5 MBq

DRE—2NBZEnbnot=, (@& bty
ik, A AL OWEE RN RS AR LT
B, QA A BRI I L, i
RIERTHNTLES TN Z &ENbMB,

Depth of ion-exchange resin (L)

SR OO P N B A
§ L{&- v Co-57 +_ © Ag-110m
10° 107

107 107 10° 102 10" 10° 10!

1 /

=vss | /Deionizer
o Rh-101g f{ ¢

v Rh-102m || 7

& Be-T(v100§17

-'_.—. Prrr? bt

Pirer¥r slifwre Tt Brw B i

10 10° 102 107 10° 10!

Adsorbed activity (MBq/L ion-exchange resin)

Fig. 8.4 K2K R & F—V BHIK T AT LD
A F U RERARE BT B SR O WA A [13]
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8.3. WAIK OBE LT

KE FNAL 28T, 120GeV B 2o 4y
HKH O R O A 23T i 7= [14, 15], 7
TENTZHAKY AT L% Fig. 8.5 12577, Zh
DIL, A A RHBIRE ORI, mAKEHELT
WAHME, KEE, FUEBERLRD 8 SOHBEIKY
AT L Th D, EEEE TEZICEAKL, KPORK
SHRERE W E S Tz,

Table 8.2 (2 EIKHFITHH & 7= e il
L ZDOBHRRIREZRT, MHAKEELTHDY
B OMBIZ X0 mHAKPITH S 72 o e
FOEIC KX REWV R R L7, 2Br, 182mRe,
181Re %, EIROHEMN T X 22 VR R © R
SNT, A A AR 2 AT HIHEIKY 2T
2 (@)~O O HIAK Tl S 7= i PERZFE O %
HHEORRRIRE & A 4 o RHBHIEE 2 A Lenin
HK AT 2(@ E(h)E b7, A4 2 ks
RE~DOWAEBRENR N L Z T D,

BRBEREZ B X 5 L, b HREE FEE
&2 D DITKDFEFEDRZRA: L TS 5 "Be T
H5, Fig.8.6 ITHEIKL 2T LMD "Be Dt
REIRE OB A R T, A A IR 2635
WHEIK Y AT L(a)~(f) T Be DFREHFICL D,

64 128 256 meters

I Rock 0
NuMl =

(e) Hadron absorber

d) D i
Target Hall (d) ecay pipe

((a) Target, (b) Magnetic horn1, (c) Magnetic horn2)

Pbar (g) Pulse magnet
Il 1on shield [UNSICEGCLREDE (h) Beam absorber
Air
120-GeV

protons

(g) Collimator

Fig. 8.5 K[E FNAL THRE L=
WEIK AT A [14]

TR REIR BE A A A ASHBHE S 2 L 72 (g) &
)XY HIENZ LA DvD, Table 8.2 D Be 7%
BMRE2RLE, BEAKY 2T 2@ LMIZBWT
K B%THY, ZIUIA A IR 2 A L
<THH BRITHAKF NG RLRoTNDH D
EERLTWS, ZHEOITEEEONEEC2Y
DEEGTHELTCWDLILDOEEZONDS, LV E
T2 DA A RS 2 T D EIK S A
7 L)~ T 0.01% DA —F —CTRERREDT-
DIZBe WEE L TWHZ EThHD,

Table 8.2 K[E FNAL OHHIK Y 2T A DOR L BIEIETE, HBEFTRERE,
Be DAKHFFEREE (2010 45 12 A 7213 2011 4 9 AEARED  [14]

: _ ResidualRate
SystemName Deionizer Water Contact Matenals Detected Radionuchdes and specific activities (Bq/cm) * f:fPE .
. . Different grades of stainkss steeland brazing materal 35 "H B “Na "M M 0o .
® NMTaget VoS ey steel pipe outside) 26% 38 003 0005 0005 0003 0%
®) NuML, Yes Nickelcoating and anodization should keep water away H O*a " B % *M *n 002
Magnetic hom 1 from 6061 Alalloy hom, 305L stainkess steelpipe (outside) 113k 28k 0026 0017k 00118 09 004 e
NuML ¥ Nickelcoating and anodization should keep water away H ”q 335 “Na Be :sMg “Na 0.003%
© Magnetic homn 2 S fom6061 Alalloy hom, 305L stainkess steelpipe (outside) 197% 10%k 3.1 19 033 009 0006 e
@ NuML Yes Soft copper (ondecay pipe), B B “Ma fco “ma 006%
Decay pipe Type Khard copper pipe (outside) 396 16 0010 0008 0004 o
NuML . H B N Br .
@© Hadron absort Yes  Altube (absorbermodule) 740k 35 021 0063 006%
® Pbar, Yes  Cu pipe, stainless steel pipe (outside) Tialloy Gens suries) _E B2 00082
Collection lens Ppe, PP ’ - 018 18 o
3H '& _‘!co :‘CO :‘.\h SOCO ”CD
Pbar, Pulse magnet . . 25% 61k L1k 0%k 048 0335k 02k
@® and colimator No Cupipe Sp e Mg g By 18m, Mip, %
0.09%6k 0094 0090k 00% 0028 2.1 20
'H Be 'Co C "My Co Co
Phar, . . 185k 65k 06k 053k 041k 034k 00%%k ,
®  Byamabsorber No  Cupipe B Mo By B &, e Bl 5%

0059 005% 004k 003k OM% 14 14
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(8) —IBIL 3~16nm D7 T AFHE LIk =
v REARL, A4 ZHREHIRICRE S
WAEIKHIZHE D, Be DYAIEH 0.01% Th 5,

A R HR IR X D RS O 52 2B
BT ao A RERPHEICR>TND Z &R
oMoz, LILARRS, ZOxGTiER
E, EEME LR b7 W EREN R ST
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Tlxz oA FEKOFREREZ +oEE LS %
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9. MEHEZFIA L= EHRRIE OIS A6l

9.1. E—AnADHEELY

KEK Tlix=x /¥ —EILY =7 v 7 (ERL) K
FAPNC BRI 2 RIS DD a X
I ERL OB Z1T-> T 5, ZDONEZRITKE
TROETIMEHES (=R /X —20MeV) TH 572
FAET DGR AL T 57201, B — Akt
DE—LBAZKS MOV ERD D, BIEX
1mA JE#ZZ#ERK L, 10mA Eizax HIEL T\ 5
“do;@ﬁn,mﬁom%UT@t ARSe=

WZTHMENRHDH, TNEEKRT HITIE, E—LA
HBANEZTENTE T > TWENEHL N
WZLARTHIEZR 6720, L LR G, EEERE
T ORI T, RVWE—AT 1 EIZHE
WELET D2 ENTET, E~Amxf4y}
DiEo& LR, 22T, L RE7R 4
@W%k%ﬁoft~ABX®%%%%ELt
(171,

Nuclear reaction in gold foil. .

~

Bremsstrahlung

Beam loss

Gold foil

(thickness: 20 pm)

Electron beam Beam duct

R R e T | L T
L1] [ ] @ [ ] [ ] ee® o [ ] o0 o000

@®— On the top of the beam duct
®— On the right side of the beam duct for the beam direction

®— Both of the above

\ Gold foil installation positions. J

Fig.9.1 EFE—20DurR (2L
& DS OBEX

Fig.9.1 IZEFE— 201 A2 L 58Dk
OER Z R, E—ABEFIcE—AF 7 MZ
E—AD—ERNEEL, B—hruANEZ 5, T
LHE =LK NCIEHIE BB ER L, B
WAL BT OETH RIS 5, B
BMIZE S INT-E&EOFCIXERILIBIZ X VLT
WIS AV THYEF B BROS 3 Z 5, FEFRAIIC
] 6.183 H D 196Au NAERRT 5, AR L7
196Au OFIXTHREE R —2n 2% L2
& fFE T 5,

FIL00 M FATICERE L= & D iEE —>— D4
S =0 KRR RS CHIE T 5 121 196Au @
WEEZEZEZDERHENEY RV, HENLTD
196Ay L75>$Ekbfb\f;l/\ LB = L
HABHSGS TR L CBE, f A—V 77—

Fig. 9.2 2> /X7 N ERL OE—AF 7 + RIZ§
BELZ&BEr BRI io=b0 (B) &

FOA A=V T L— Mk BHIEFES (T)
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9 10° )
x @
s Machine operation on June 3-5, 2015 (EXP2) g g =~ . =2
pg.wl W On the top of the beam duct - 301-312 (6) (7 401-4148) &
~ W Right side of the beam duct for beam direction > & m m )
z ) b - » W o aape o Fd )
Zw e e’ ()
= @) I\_Q,\ ql\ Machine operation on June 25, 2015 (EXP3) K
z . f} ~ A Lo|_| M Onthe top of the beam duct 1in
2 10 [ RRE, aRaL T\ W Right side of the beam duct for beam direction 11)
E 10° l 107 @) ) £
g | ®) &)
E]O'3 | l[l H 107 r‘
Tl |
E 1074 | I | | | | | 111 | 107
& EeEERRRRESEIRARARRARAL seeissasesst aRaARRARASaRRERtRRRTaREas] DNRRNRNRSSESIARRRARAAAR R e T U S
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