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2.4 Solar Panel

20 BESS-Polar
BESS
( ) BESS-Polar 2
BESS-Polar
BESS-Polar
870W
DC-DC 600W
300kg

2.7: BESS-Polar

18



( 27 BESS-Polar
2002
(22]) 2003
( 2.8)
NASA
BESS-Polar ( 2.8
DC-DC
870W
600W
Power
1 Distributor
} (DC/DC)
Primary
Lithium VOLTAGE
AR PANELS |Batteries REGULATORS
BATTERIES —Serles
. . - Regulators
Solar Cells ! ; SW | '\
i +5V
-—] ! l
o _I:H] ¥ ! Sw j
——{1] \ -
-——{1fii0 N 12
Pressure Vessel™"
2.8 DC-DC

19



2.6 Electronics
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3.2 BESS-TeV TOF
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3.3 BESS-Polar TOF
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3.3.1 middle-TOF
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4.1 middle-TOF

middle-TOF (o) 500ps
middle-TOF
u—p middle-TOF
0.4GV nop
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( 4.1) 3.89¢
z ¢ 1lmm
JET/IDC middle-TOF
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MIP (Minimum lonization Particle )
PMT
1
Np.e.
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ot=500psec Np.e=10
SIN dE/dx
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TOF 88.5 r-¢
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JET/IDC
100
z TOF
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middle-TOF 10mm

PMT 1 8 PMT
Imm

4.2 Scintillator

Eljen EJ-204( n=1.58 bicron BC-404 )
rise time BC-420 EJ-204 ( 4.1
EJ-204 BC-420
BC-420 rise time
time jitter
BESS
EJ-204
1000(1)><9.9824-0.04(w)>=<5.638+0.047(t)mm3 64
JET/IDC magnet (R=388
R=400mm)
PMT (>10p.e.)
TOF
middle-TOF TOF (
) BESS
Scintillator name BC-400 EJ-204 BC-420
Light Output (%) (Anthracene=100) 65 68 64
Rise Time (ns) 0.9 0.7 0.5
Decay Time (ns) 2.4 1.8 15
Pulse Width 2.7 2.2 13
Attenuation Length (cm) 250 160 110
Refractive Index 1.58 1.58 1.58

4.1: Scintillator
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2,3 oL back to back

middle-TOF JET/IDC 2
multi-track event 2 1
middle-TOF
JET/IDC TOF )
64 (693 )
12um aluminized mylar 2

aluminized mylar
aluminized mylar aluminized mylar

2 aluminized mylar

ot

4.2:
4.3 Light guide
PMT (PMT )
( 4.2)
JET/IDC
middle-TOF JET/IDC (R=388mm) PMT
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TOF

middle-TOF Saint-Gobain BCF-98 ( 4.3, 4.2)
1mm?2 single clad fiber middle-TOF 4 9
500mm 64 1

500mm 30mm 440mm

r<200mm bending loss 3%/m
BESS r=200mm
fiber 300mm
12um aluminized mylar 2

aluminized mylar

Saint-Gobain, BCF-98 ( Imm#j Single-Clad )
Core material Polystyrene
Core refractive index 1.60
Cladding material PMMA (CsHgO,)
Cladding refractive index 1.49
Cladding thickness 4% of fiber size
Numerical aperture 0.58
Trapping efficiency 4.4%
Signal loss 1.5dB( A =408nm)
4.2
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4.4: middle-TOF PMT
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4.7: middle-TOF
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4.8. PMT
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middle-TOF

middle-TOF 4
PMT blue LED gain-HV curve
middle-TOF KEK T1 beam line beam test
dE/dx
BESS-Polar
4
middle-TOF
) signal | L&D
Pulse Generator|— i) PMT
r_ ClLy trigger LED mndul*' _
[ Discriminator J . L Oscilloscope ]
L J
‘ CAMAC
i ’74 ADC
{Gate Generator | =
(for delay) | — T PC.
5.1: LED test
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5.1 LED test

511
blue LED middle-TOF  PMT PMT
PMT
gain-HV curve
PMT
5.1.2
PMT blue LED ( 5.12)
(A 408nm @Maximum emission)
LED blue LED NSPB300A(A=476Nnm) PMT
LED
10cm
5>10mm
LED $2.5 inch
Rise time 20nsec
Fall time 20nsec
Pulse generator -
Pulse width(FWHM) 50nsec
frequency 10msec(100Hz)
ADC Resolution 0.125pC/count
(Phillips 7166) Full scale 12bit
Others Gate width 250nsec

5.1: LED test
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ND 2>105
( 15p.e./lpulse ) BESS
middle-TOF LED
pulse generator 3.6V, 20mA, 50ns(FWHM) 100Hz
LED
( 5.1 gate PMT signal ( 5.2
PMT 5 (2000V, 1800V, 1600V, 1400V, 1200V)
ADC mean (pC) (
(3000 event) gain-HV curve
PMT 9 =8
?iu% : .
[i: S
. Wﬁﬁm@ 280pv

Ci% 2.00mvid  WiH 2.00mys M 50.0ns Chd \ —240mv
Ch3 20.0mvi: Chd So0mvs:

5.2: gate anode signal gate anode signal
Ch.1, Ch.2 anode signal Ch.3
Ch.3 Ch.1, 2 range 10
pulse height 25
4 ADC gate signal 250nsec  gate
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5.1.3

( 5.3, 55) ( 53) PMT
gain-HV curve gain-HV curve
(gain) PMT (H.V.P/S)
log(gain)=a{log(H.V.P/S)}
(a )
. mean x 1072
gain = =T
N ve. x1.6x10
mean Np.e. 1.6>=<1019 1012 pC
C
( 5.4 5 gain-HV
curve 2000V
( 5-5) (Np.e.) (¢}
Np.e.=(mean)?/c?2 ()
uniformity PMT
+3.0%(zh8475) 7.8%(zh8477) PMT
+6.8%(zh8489) 23%(zh8474) ( PMT
uniformity )
2 5%
5>10mm
middle-TOF 4>9mm
( )Poisson LED
10° 10°
1072
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500
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MTOF PMT {Goin{charge} v anade ch} from LED test{Npe=15 PMT HY =2000Y}
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zhB450

2

5.4: middle-TOF

PMT
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8
pad C
19 e zhBAT74
18 s zhBAT7S
17 :— » ThBA7E
- .
18 . e zhHA//
B L
-c " _ by .
16 —g—2 N = ZhB478
I ninialuils’ sl e e Bt ke
14 £ : e o 8 o O 4 zhB482
C 5 o I o L
C i w - T
13 e P g0 ® O . zhBE488
E ™ . : * .
12 - * - o o zhB489
1M * o zhB480
- A N R I R B
100 2 4 B i} 10 12
anode ch.
5.5; ( uniformity)
5.2 beam test
5.2.1
middle-TOF dE/dx
Imin( 1
MIP )
discriminator threshold
flux
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5.2.2

KEK T1 ( 5.6)
PMT 42 BESS
( 4.9 )
bending loss
middle-TOF ( 5.6 )
13
10cm 10cm 9 5cm,
2.5cm 4 13 8
0.3,0.4,0.5,0.6,0.7,0.8, 1, 1.5, 2 [GeV/(]
threshold
3000 10000 event 300 2000event
MTOF counter[ || % 7Ti1~T4:RUH—HHL4—
« Beam -
5.5¢H
12.5¢rn
- > >
1.7 m 3.6m
5.6: Leveler
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5.2.3

&  p-m separation

1
12GeV
(+1.5 0.3GeV/o) 5GeV/¢?
Internal Target

middle-TOF 20m (t<108)

middle-TOF p,K,mpe 5 (
K, n 0 ) B

0.5GeV/c
L( 5.3m) m t
5 Pe
E
t:L: LvP?c? + m?c*
] Pc?
L=5.3, P=0.5, c=3><108,
t p, K, m,ue 4
p-m 5.3m 290psec
middle-TOF 20m T
u 2
(m=140 MeV, m,=105 MeV) dE/dx

2 e Y, m

(t,-te=380psec) e 1 1%
K* 1.2><108sec ct=5.1m
(20m 98% )
proton w(w)
BESS u

( 5.7.8)
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5.7:

10

10 'i] 14.5882 & O.417588086c
10 i i
: f

10 Jr_”: 12.5%44 + D.Ed-d-EE?nsl?ac
o i I
10
0 Ly JEE
S A A W
10 15 20 25 30 35 40 45 50
3.5m time (nsec)

] T
10

10 15 20 25 3¢ 35 40 45 &0

3.9m time (nsec)
10 I 18,4173 4 0.50225n5ec
10 r : f
o : b
1 i
10 -
P SN LY N P U s s
10 15 20 25 a0 A5 40 45 a0
5.3m time (nsec)
TDC Om
T
i 53m 19.4 nsec
(19.3 nsec)

10 ]

10 ].l

10 R ]

10 t“’“ Pt

1 m&ﬂ Ln rwmr

|||_|,| | | |||H |||.J,|,| ||||||,|,|||| 111 \ ”I.I.l |||||
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ADC count (pC)
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| N threshold
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Vit
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| 'lr )
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|_."II - -h —
! L B
L time
5.9: time walk
&  time walk
(RiSe Tlme)
2
PMT
t,,
f(t) = AC)
t,
to, threshold V «

Snsec) [25]

t —t
v :Al(%)z
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My

t, —t, =t
1~ 1 r(m
t2
ot =t V(L
.t rﬁ(@ @>
tl’
( 5.10)
threshold
ADC TDC ( 5.7,5.8)
80 160 ¢ ;
70 E (a)— 140 E (b) -
60 E 388,509 pabo 190 E
50 E 100 E
40 E " 80 &
30 E | 60 ¢
20 E [#kl 40
10 E i = 20 E
16 17 18 19 2 17 18 19 20 21
TDC (nsec) TDC vs. ADC sigmal
80 180 ¢ :
70 E (a’)- 140 E (h*) -
60 f SO0 pebe 120 E
50 7 100
40 E J 80 ¢
30 E 1 60 £
20 F i 40 &
10 E _}'J 20 ¢
CI:"""' I [ S N A A
12 16 17 148 18 15 1/ 18 19 20
TDC (nsec) TDC vs. ADC sigmal
5.10: (+0.5GeV/c =beam)
(@ TDC b TDC vs. ADC a,b
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beam test ( 5.11 5.14)
PMT 0 z(cm)
e ( 512 (o)
e ( 5.13) (o) PMT (
)
e ( 5.14)
e ( 515 (Npe) vs. z ( gain-HV
curve ) (5.1.3 )
e ( 5.16) threshold threshold
threshold
( ) rC
dE —all
—¢€ oc
™ ( )
(a l )
middle-TOF ( 5.3
middle-TOF i Npe 13, ot 400 psec
middle-TOF
() ot 160psec
(
5.11)
Mom. (GeV/c) 0.5 1.5
mt N 14( 9~ 24) 13( 8~ 23)

pe
O, (psec) | 410 (640 ~210) | 340 (490 ~ 210)

Proton Npe 48( 35~ 83) 16( 10~ 28)

O, (psec) | 160 (240 ~110) | 300 (430 ~ 180)

5.2: middle-TOF
( 8 )
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Time of Flight (ns) (path length = 1.130m)

middle-TOF 3.89¢ 0.5GV (u-)

LTOF&MTOF —
|

LTOF& FTOF e

20

18

16

14

12

172 126

Ekat TOA —> MeV MeV
+300 psec

+ Anti-proton
/' / . 300 psec
dashed-dotted, '
dashed lines S
.- 3.89¢, ./ +o(MTOF)atD.5GeV/c

= 300 psec (Proton)
= 700 psec [Pion)

| 700 psec
6,(TOF) = 120 psec

4 |
Qo7 -o® -05 -0.4 -03 -0.2 -0.1 0

Rigidity (GV)

5.11: middle-TOF (u—m)
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5.16: threshold
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5.3 cosmic-ray test

53.1
NASA/GSFC (National Aeronautics and Space Administration /Goddard Space
Flight Center) (n ) middle-TOF
middle-TOF 2 2PMT
BESS
5.3.2
TOF 2 middle-TOF 1 3
middle-TOF
( 5.16,17) ( 5.16)
( 5.18) ( 5.17) ( 5.18)
TO T3, m(mTOF)
TOF 100mm middle-TOF
80mm(10mm 8 )
< 950mm .

- To 1D T1 !
]

- T2 T3 . 163mm

_lemm 3II||||:|

|

187Tmm

H +
F 3

Middle-TOF T 1000mm >

5.17:
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(Ad~alllx. FNFAmTOFDchl ~ch8IZ3 )

m Anode (chl~ch8)
divid ADC | =—=150ns
RCe gate delay cable
TO Anode —| 100ns $usnd al)
_| ’__ delay Sunai al =2 |5ns
— e a2
T1 Anode ’7_ module B a3 delay cable
T2 Anode e " o9 1/3.16
Discriminator all (10dB)
T3 Anode —| 150mV attenuator
-150mV
-150mV
-150mV
i TDC
start
- 10
T0 Dy19 coincidence f
| 2
r2pyis| ey Gate & 2
mDy19 | +50mv L delay . . “
module
Discriminator
5.18:
TOF
z lcm (c 100ps, 160mm/ns)
2 TOF
middle-TOF 1 2cm
middle-TOF z 5cm
binning bin MIP
0.5GeV =
5.3.3
( 519 5.21) ( 5.19) (pC) vs. z(mm) z
0 PMT
LED gain-HV curve ( 8
)7.6><107 ( 5.20)
dE/dx
( 5.21) (Np.e) vs. z
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5.4
5.4.1

5.22)

middle-TOF
middle-TOF
( 522 ) PMT
42.5
40 45
PMT +25
8
) (
) ( ( ) 4
( middle-TOF BESS (
PMT 42.5
5 . = : . T
= ——r—
,-—""'"_._'_'_._‘_-_-_._ _._-'_-_‘_H_H_‘"""“—-
200 \
40 ==
Y Iﬂ
500 c b
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5.22:
BESS PMT
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5.4.2

middle-TOF

1.5mm

flux
( 5.21)

bin

50

( 5.22)
TOF middle-TOF
BESS-Polar
8 4 )
TOF 1
(16.5cm ) PMT 4.3
anode
TOF 2
middle-TOF
middle-TOF
BESS-TeV
2 (TOF )
middle-TOF z 10cm binning
0.18 [ N
0.16 B
0.14 2
0.12 F ;
0.1 ¢ 4
0.08 | f
0.06 :
0.04 Zﬁ
0.02 £+
0
10 1 10
momentum(GeV/c)
5.23: u
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5.4.3

( 5.25, 26) ( 5.25)
( 0.996+0.024 ) ( 5.25)(c)
1.033+0.031
( 5.27) 1
4 (
12 ) 1/3
MIP ( 523 )
middle-TOF
( 5.25)
€)) middle-TOF
( 5.25) (d) PMT

5.24: BESS-Polar
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zh38477 ADC vs. z
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PMT S/N zh8476 zh8477 zh8490
Beam test 160.4 - 153.1
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