goon

KOUObODOoootgoogd
NaBi(WO,) U U OO oooooog

Joougooooobdg ouoobd

Joood ooogoo

go 0O

20040 20 120



0 d

UbdJ-PARCOODODODOODODOD KOODOODOODODODOODODOODOODO
ggooooooboooooboboogoboooobooooobbooooboboooob
NaBi(WO.) OO ODUOODOOODOO0O0D0O0O0D0OONaBi(WOs): D000 D0O0O0ODOOODO
OU0OKOOOOoODOoOooDOoOOooooooooooouoDbOoUOONaBi(WOs): DD OOD OO
gooooooooooon

O00000000ONaBi(WO4): DO DO((2.2x 22x 16.0 cm3)0 00 0O0OO0DOOOOOO
oooobobooooooobobooboooobobooboobooDOobOonb(KEK)
On200000000000 0504.0Gev/cUODODOOOOOODOODOOOO



ao

010 OO
11 KLoTTOV VOO0 0D oo
1.2 000000000 cooeseeeeeesseeseeeseeeseseessessssees
1.3 NaBi(WO)2 0 0 0 coovoeeeeeeeeeeeeeeeeeeeeeeeeeeseeseese s essesrenees
1.4 NaBi(WO4)20 00 O 0 oo eeeeeeeseeseeeeessesreeees
1.5 OO0 00D oo eee e srenees

020 NaBi(WO.).O0ODODOOOOO

2.1 NABI(WO)2 T T oot
211 00000000 oo,
212 5inchPMTOO0O00000000 oo,
213 00000000000 cooeeeeeeeeeeeeeeeseeseeene.

2.2 S5INCA PMT Lo
222 R USSP PPROPRIN

222 00000000000 O0OO0OO00O0O0 cceeiieeeeiiiieeens

A S N I S
2231 0OD0O0OO0O0OO0OOOOOOOO0O0O0O0 veiiieeeiiiieeens

2.2.3.2 GAINCUINVE ...t

2.3 /4 TNCN PMT e

030 ODObOOoOofooOooooooooDa

3.1 I I PP PPTTPPPRPTTTPTIIN
3.2 OO DO OO OO etiiiiiitiirtrirrieerieerreerrerrrrsese.
321 OJ0000O0DO0ODOO0OOD0 (e,

332 000ODOOO0ODOOO0ObDDbOoOobOoOobDDbOn

3.3 UODOOD DD ittt
3.4 KEKPS 7712 OO DO O OO it
3.5 OODOUODOOOD e
3.6 UO0DO0OD0O0ODODOL i,



3.7 I PP PP PPRTRPRRT 31

371 ODU0O0OO0O0OO0OU0OOODOOD0ODN (e 31

372 OU00O0O0OO00OOODOOD0OODN (e 33

373 DD O D e 36

3.8 OOODOOOODODOD e 37
3.81 DOUOODO gaiN O OO ciiiiiiiiieeee e 37

3.9 I PP P PPPTPPPRRRRT 44
040 yOooooOoodoon 45
4.1 OOODOODODOD o 45
411 0O00O0D0O00O0DO0DOO0DO0DO0ODO0D0DO00 . 45

412 0D0000O000D00D00D0000000O0 e, 46

4121 0O00D0D0ODODODO0O0cUOO0 e, 47

4122 0000D0OO0ODOODODOODOOODOOOocOO0 ... 49

4.2 OO O DD ettt e 52
421 TOFOUODOUODOUODOUOD tiiiiiiee e 53

4.3 U0000000D0000000D0 e, 54
4.4 I PP PP PPPPPPPPPN 56
441 yOUOUOOUOUOOOOOOOOD e 58

442 ODUO0O0O0UO0O0O0OUOOOOUODOUOOL e 60

443 Y O/O0 0000 it sae e ens 61

oso 000 63
RN 64
ooon 65



010 oo

gbobooboobobooboobgooboboobooboobobooobooboobo
gboboobgoobooobooobooboboobooboboobooboboobobooDbo
gboboobgoobooobooobooboboobooboboobooboboobobooDbo
gboboobgooboobooboobobobobooboobooboooboobobobon

gbobobobobobobobcouoooouooooooooooo@POOnDO
goooomrTobooooboooboobbobobooboo3obogoooogog ecpTlOO
gboooobooooooooooogoooooooobooboPObO0OO0OOOOOOOOO
ooobDoobooboooD 1970 cswulloooooooooooo coooooooo
goooboooboobobobobobcecpP 0UbO0bODODLODODODODODODOOODOOOD
oooboobogocpOOOOOOD 196400 VL. FitchOJWC Cronin2l0 00 O00O0OKOO
goooooooooooooooooooooomogbo cpPOObOobOobObOOD
oboboobooboooboooboobobooboobobooboobobobobooDbo
obooooooooooooocecpPObObODbODODODODODODODODOD

11 K -mvOooooo

Ki-7%/ 0 CPOOODDODONONONODOONONONODOONONONODDONDNONOODmMOOnnn
00000000000000@EI00000n0000000000000000000
00000000000000000000 Ke-7% v 00000000000000=
3.0x 10°U[4|[5]0 000K - 7vw 0000000000 00000000000000
0000000000000000 KTevOOODOODO BR<5.9x 1077(90%CL)0 O O [6]0

000000000000000000000000000000000000000
0000000000000000KOOODOO00000 Ki-72~% 0 00000000
Oned00 200y 0000000000000000000000000O0y 00O 30

000000000000000000 K-y OOOOO200y 00000000
gbooogooboobogn

12 0O0OOOOOOO0

gobobobobobobobobobobobobob(@E@UoOKEKODOO)y oo o
goooobooboobDb E3®ladibnogpoooboooDKboonoooooDon
U000 KEKOODODOODOO E3Q1lall0D12 GevOUOUODOOOODDOODOOO
KiOOOOOK. - 7w 0000000000000 000000000E391a0000



D00 K- 72 0000000000 110000

O 1.1: e391a detector

000000 K- 7% Ono0n0on 200y 00 Csloooooooomesionon
000000 vetocOOOOOoOoooooooOOO0O00O0OoOooOt0D0o0o0ooooa
goooobooooooooooooobooonooooooooooooooooooa
goooooooooooooboooonooooonooooooooooooooa
Ki-7%w 0000000000000 000D000000Do0o KL—>277D—>4V
(BR=9.27x 10°4000000000KL-2n%-4y 000000y DOO0O0OO0O0O0OOOO
oo dy oo ooooobooooooooooibdldKL-
Avv 00000000000000000000000000000000000000
U0 vetoOODODOOOoOoOoooooooooooonoooooooooooooood
0000000y OvetoOOOOODOODOOE39a000000000000000O0OO
gooobouoobouoooooooooboooboooooooooooooog
E391a 00 00O O O Japan Proton Accelerator Research Complex(O 0 O J-PARC O O0O)
00000 5B0 GeVUOUOUUOOOOODODDOODODDODOOO KOODDODODOOOOoooooo
gooooooon

O0O0JPARCOD K- 7vw OODO0O0O000 KOOOODOOOOOOOODODOO
0000oooooooooodooooooooooO J-PARCOOODODOOOOOOOO
00000000000 00000000000000000O0O00DOoOO0OO0oODO0
O000000000000O00O0O00000OooDoOoOoOoOO000

KODOOODOO0DODDO00O KLODODODDOO0OO0O00OD0000000y 000000KL
00000000000 00000000000000000O0O00DOoOO0O0oODO0



gboboobgoobooobooobooboboobooboboobobbobobooDbo
gboboobgoobooobooobooboboobooboboobobbobobooDbo
UboooooooooooooooboboobobdbDOKe-2n%-4y JOOOOOODO
Ubooo0oooooobody 0ooooooooodD vetoO OO OoDOOODOOOODO
gboboobooboooboooby 0DbOobOOoDbOObOODOODbDObODbOObOODO
gbooboobobooobbooboobooboobOobDb veto UODOODOODDO
veto 0000000 Ke-77°vww O veto 000000000000 0000000DO0O
gboboobgooboooboooboobobbooy oobobDooboboboobobooDbo
U000y O0oooooooooooooooDg

1.3 NaBi(WO,),0 00

gbooboobobooboobgoobboobooboobooboooboobooDbo
oooObboOooooooobobbboooooooobbboooooooooboboboooo
NaBi(WO.) OO D OO0 OO0OD0D 1200000
gbooboobobooboobgoobboobooboobooboooboobooDbo
gboboobooboooboooboobobooboobobooboboboobobooDbo
gboboobooboooboooboobobooboobobooboboboobobooDbo
OobobDoobboobooo0Do@mboOouobbOn NaBiWOg: DD OO DO OOOOoOO
gboooobooboooo

goooboooobby ooobbooooobbboooobbbyooobobO
00000000 ONaBi(WOg DU ODUODDOUODODOODbUODODbOobDODbObDOD
googobooboboobobdy bbooboboobooobooboboooboon
JJPARCOUO0ODODOO0ODO0OD0DOO00 Oy o0 bOoobooooboobooooba
000000 b0obU0bobObo00b00o00b000U00U0UDUONaBi(WOa4)2
00000 Moliere DODODDOODOODODODODODODODUODODODODODOD
gooboooooboboooobobboooobboooobbboooobbbooon
googoboobooobooboobobooboobobooboboooboon

00 7.57 g/cm3
ooo i 2.15
ooQ | 1.03 cm

Moliere O O 2.38 cm
gooogd 7% 105 Gy
ooooo »380 nm

O 1.1: Properties of NaBi(WOQa4)z crystals[7]0



oooo
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O 2.6: Transmission of several points (0 2.5) of No.1 crystal. In left Fig., A shows 3.5
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The right Fig. shows transmission with 450 nm at five points.
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O 2.2: Properties of PMT R1250. The data sheet by HAMAMATSU.
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O 2.9: Arrangement of dynodes in
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O 2.10: Difference of electric charge yield dependent on position of photocathode. PMT
H.V is 2000 V. Wavelength of incident photon is 420 nm. This Fig. shows relative value
normalized by color of 0.9-1 in the legend. Measured by HAMAMATSU.
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O 2.11: Set up for measurement of single
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O 2.12: Electric charge distribution of
photoelectron measurement. The horizontal
axis is electric charge. The vertical axis is
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photoelectrons.
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3 (R4125).
1ZPMBASE
googoogad 300 - 650 nm
gddooooooooo ooo 15 mm
oooooooo 10
ooogno 1800 V
oo 8.7x 105

U 2.4: Properties of 3/4 inch PMT R4125. The data sheet by HAMAMATSU.
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22.0 mm

E974-19

22.5 mm .
(3/4 inch PMT (R4125) )

O 3.3: Sockets set 3x 3 matrix are looked from cable side. E974-19 sockets are shaved

side resin in 0.5 mm.
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O 3.4: Silicon cookies for 3/4 inch
PMTs (R4125). The thickness is
about 5 mm, the diameter is about 21

mm.
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O 3.5: Nine NaBi(WOa)2 crystals connect nine 3/4 inch PMTs(R4125).
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O 3.6: The 1 2 beam line in KEK east counter holl.
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Gas Cherenkov counter (Air 1atm)
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O 3.7: Set up for measurement of light yield(left) and energy resolution(right).
NaBi(WOa): is positioned X-Y stage. The dotted arrow shows direction of the beam. SO
[ S6 are plastic scintillation counters.
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O 3.12: Comparison between the experiments and the simulations. The momentums of
the electron beam are 0.5, 0.7, 1.0, 2.0, 3.0, 4.0 GeV/c. The solid lines are the

experiments, the dotted lines are the simulations.
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O 3.16: The distributions of pulse height when the 2 GeV/c positron beam is irradiated.
The horizontal axis is pulse height(ADC ch). The peak of lower pulse height shows

pion.

gb0b0ONo70DO0DOODOODDOODOODOOODOODDOOODOODO
gboooooboobogbboo0 Ne7ODOODODOOD PMTO HVODOODOO
goooopMTOODOOODDOOD PMTO HVODOOODOODOOOODOODOOO
googoobooboobbodHviooooooo

39



" Ll w0 |
o ¥ 4 a &8 |
5 2 g 3
z &0 g 1w E 3 EiHE o
Sab 5 0 b -l 1
2 5] -
£ o i P £ 3
3 Lo E 5 |
»m E z Br = f
W w
Ll m mE
o 1 e d 1 a i i § i I’ 1 1
a 530 1000 1500 F000 0 D) m0p T Q0D a 1H P00 00 400 L34
(ADC ch) (ADC ch) (ADC ch)
o0 144
P ; & o 190
c c
E o 3 10 -
5 o W 5 b
5 o B 5
Qo o Qo
£ £ 4 E @ b
P4 3 e z
]
i
" m |
] a ) 1 i | L 1
<] B F 1] 1000 13 il Foi k] g L]
(ADC ch) (ADC ch)
No.8
& F
By | F
2 2 g " E
c c - = E
9] ) 9] E
5 5w | s " E
5 5 5 & |
E E S 3
z z 4k Zz an
o EL ]
W mw
PO L MO R o E
¢ i LIv ] 05 &

(ADC ch) (ADC ch)

O 3.17: The distribution of pulse height when the 3 GeV/c pion beam is irradiated. The
horizontal axis is pulse height (ADC ch).
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O 3.19: The distribution of energy deposit when the positron beam is irradiated. The
momentums of positron are 0.5, 0.7, 1.0, 2.0, 3.0, 4.0 GeV/c. Calibrated by the positron
beam. The horizontal axis is energy deposit.
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O 3.20: Energy resolution. The horizontal axis is the momentum of the positron beam,
the vertical axis is energy resolution (%). e shows calibration by the 2 GeV/c positron

beam. O shows calibration by 3 GeV/c the pion beam.
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a 3.21:

resolution when each

Energy

crystal was irradiated
by the 2 GeV/c positron
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O 3.1: Energy resolution at this experiment and the experiment at HERA. In the both

experiments, nine crystals read out nine PMT.
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O 4.3: Comparison between the
experiment and the simulation. At
2GeV/c positrons. The upper Fig. shows
the experiment. The lower Fig. shows the
simulation. The horizontal axis is energy

deposit.
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O 4.6: Comparison between the experiment and the simulation at 0.5, 0.7, 1.0, 2.0, 3.0,
4.0 GeV/c positrons. A shows the experiments. The histograms show the simulations.

The peak of lower pulse height shows pions.
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O 4.8: Distributions T.O.F from trigger counter S4 to S0O. At 0.5, 1.0, 2.0, 3.0, 4.0 GeV/c
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FLUKA GHEISHA Experiment

O 4.9: Distributions of the experiment and the simulation. The left Fig. is FLUKA. The
center Fig. is GHEISHA. The right Fig. is experiment. The horizontal axis is energy
deposit.
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O 4.10: Comparison between the experiments and the simulations (FLUKA). A shows

experiments. The histogram shows the simulations convoluted the gaussian function.
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O 4.11: The beam catcher of the NaBi(WOa)2. This Fig. shows size of the beam catcher
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O 4.12: Typical hadron
shower at 5 GeV/c
neutron in NaBi(WOQa)..
The blue dotted lines

show the trajectory of

gamma rays. The red

lines show that of

o charged particles. The
black dotted lines show

that of neutrons.
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a 4.16: Correlation between
variances of X direction and that of Y
direction at 5 GeV neutrons in the
simulation. The events have same
energy deposit (0.7240 1.290 GeV) of
1 GeV gamma rays. We can not
distinguish the events of 0.94 or

bellow from gamma rays.
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O 4.17: The rate we can not distinguish neutrons from gamma rays at each momentum.

The horizontal axis is the momentum of neutrons. The vertical axis is the rate(%) we

can not distinguish neutrons from gamma rays.
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