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1.1

(K"

Intr oduction

[1].[2]

(g e’K*)
(e €eK")
1| +p! K+ 911.1MeV
2| +p! K+ 9/1046.1MeV
3| +p! K°+ *|1047.5MeV
4 +n! K+ 1052.1MeV
5 +n! KO+ 915.4MeV
6| +n! K°+ 9| 1050.5MeV
1.1:

[3]

K ;
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KO
n( ;K°)
+n! K%+
t-channel
+p! K'+
u (9 ok+p= 9 0Kon)
N( ;K) Feynmandiagram
Isobar Model (K A Channel)
s-channel t-channel u-channel
N N/\ .
K
Born Term N K 0
No contributionin y n-» KA
Resonances N(1440) K*(892) (1405)
different by model N(1650) K1(1270) (1670)
N(1710) (1810)
N(1675) . (1660)
N(1680) High energy resonaces
arelessimportant
inthreshold region
1.1: Feynmandiagram
K K*
KO
Saclay-lyonA[4] Kaon-Maid[g
K K1l
Saclay-lyon A N(1720) (1405) (1670) (1810)
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(1660)
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KO 2002 1 2003 3
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2.2.2

1m

(20

(300K)

2.5W

K)

20K

Gi ord-McMahm

=LK

<

7V

2.7:
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2.2.3

4 1Pa (
A ) 10 2 Pa
10 5 Pa LEYBOLD  TUR-
BOVAC TMP1515( ) EDWARDS
RVS( ) RV8
EDWARDS FL20K( )
( )
CFRP
( A ) (10%2Pa )
PFEIFFR PKR251 6
7 5 107Pa

CORAL ELECTRONICS PG-35-102A

(PKP251)| 5 107 10PPa| 30%
OPG-35)| 10° 1P Pa 1%

2.1:

115l/s 10 °Pa

~N o g b~
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224

(  23.7K) (  20.3K)
(
A)
40K 80K 20K
80K
10K
(10 2Pa
)
Q:
Q.
Q. =Q +Q +Q
Q:=Q +Q +Q +Q +Q +Q
1. Q. ( 300K) (  80K)
Q Q
Q
Q = 4:28[W)]
Q = 0:89[W]
( A2 ) A2
Q = 6370[W]
70W
2. 10K
Q> (80K) (10K) Q
Q ( 300K 10K) ( )
Q ( ) Q (
300K 10K)Q Q
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2.8:

Q =209 10 3[W]

Q = 0:36[W]

( 28 ) 2.8

Q = 1:27[W]

Q = 0:06[W]

Q =118 10 3[W]
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SRD-208B

38.1K

2st Stage Temperature (K)

RD-208 Typical Load Map (50Hz)

22
5 W o
R\
18 = B | . | :
16 [ \L : k J_x._.--""'———%’—)
14 EEFI | : "'-_"‘tpr-)ﬁq"
12 £ po i
LA S
10 TR - !
B
30 40 50 -1 70 80
1st Stage Temperature (K}
2.9: loadmap[13]
Q = 0:23[W]
2W
70W 2W
20.3K
SRD-208B
Gi ord-McMahon loadmag 2.9
load map 14K
( 1 10° (W/m K)@20K)
1.43K
15.5K
( B.1 )
9.2K
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5W LakeShore HTR-50
LakeShoreTemperaturé&ontrollerModel 331

50W 0O 0O5W 0 5W O
50W
0.1K
( A)
( C)
A C Cernox B
Carbon-Glass
LakeShore CX-1030 CGR-1-500 2.2
(@20K) (@77K)
Cernox (CX-1030) 4 325K 20mK 2sec
Carbon-Glass (CGR-1-500)| 4 40K 20mK 1.5sec
2.2:
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Cernox
25mK

0.2%
LakeShore

DATAPLOT

Calibration Report: 422201

Sensor Model: CX-1030-AA-4L

Sensor Type: Cernox Resistor

Temperature Range: 4.00K to 325K
o00

77 305K

200

2.12

Carbon-Glass

(2.5T)

1 100K

Model33L Temperaturéontroller

Sales Order: 13497
Serial Number: X28776
Sensor Excitation: 2mV450%

X

s
N\

y

Resistance (Onms)

20

30 B

Temperature (K)

Bl akeShore

Lake Shore Cryolrorics, Inc. « 575 McCorkle Boulevard « Westervile, OH 43082
Sale: 1392+

or
s: (614) 8912244 < F 4

Fage 1014

2.11:
CERNOXX

2.12:Cernox
(M)

DATAPLOT

Calibration Report: 382803

Sensor Model: CGR-1-500-CD-4B
Sensor Type: Carbon Glass Resistor
Temperature Range: 4.00K to 40.0K

Sales Order: 6376
Serial Number: C18878
Sensor Excitation: 2mV50%

(

(0.5T,10
) 01K

o0 —
\
\
\
\
7
\
N
\
£ N
£ 3
1 h
2 By
B
S
WJ o T 50
Temperature (K)
Bl akeShore Page 18

Lake Shore Cryokorics, Inc. 575 McCorkie Boulevard « Westervile, OH 43082
<F:

(4K 325K)

CGR

18
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2.14:

2.3.1

2.3.2

kPa
CORAL ELECTRONICS PG-35-102R PA-830-102A
SUS316L
0 100kPa
P1 P5 PG-35-102R

P PA-830-102A

20



2.3.3

CKD 2
(NAB1V-8)
PC
2.3.4
PFEIFFER TSHO71E
371/s 10 3 Pa
2.3.5
( 77K)
( 273K) ( 77 K) ( 90
K) ( 195K)
2.3.6
COSMOS XP-703D
1 ppm

21
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14.

15.

16.

N M I O

3.1:
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3.2

3.2.1
PC on o
Nationallnstrument FP-1000( )  FP-RLY-420(
) PC
PC
PC RS-232C
3.2.2
PC Nationallnstrument FP-1000(
)  FP-AL-110( ) PC
PC RS-
232C
3.2.3
5V
FP-AL-110( )
PC
RS-232C

25



3.24

LakeShore Tem-

peratureControllerModel 331( AB ) Temperaturevionitor Model21X
C ) PC (
Model211 PC (KEITHLEY
Model 20000 ) )
Temperatur€ontrollerModel 331 PC GP-IB
3.2.5
(PFEIFFER TPG261) PC RS-
232C
3.2
3.2:
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3.3

PC Linux
PC

GP-IB RS-232C

Nationallnstrument

set

login

LabVIEW

(Sub

Main Sub

3.3: LabVIEW

27

PC

(Main



3.4: LabVIEW Main
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Main
Sub PC

PC

Main Sub set

Sub
Main

3.5:LabVIEW Sub
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3.6

3.6: LabVIEW

(10 )
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3.7: LabVIEW

OK
SET

SETA orB SETTEMP
A B

(vi vi0O 10 )
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FAE RSEE ERX <BR

\lul

4.1

4.1.1
PC login

login LabVIEW ( )

PC
(A B C) ( ) (P1 P5 P)
LabVIEW

4.1.2
99.99%

O, 0.5ppm
N, 10 ppm
COO0.5ppm
CGO, 0.5ppm

CH,; 0.5ppm

32



4.1.3

4.1:
41 4.2

(20K)

2003 10

4.1
10 2 Pa

10 0 pamd/s

(102Pa )

15

10 ° Pa

=89 10*4[W]

=36 10°%[W]

10 ° Pa

33
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4.1.4

20K
20K
4 5W
Q =118 103W)
(20K) 400
4.2: 2003 10 15
310K
20K

34



4.2

20.3K [17] | 14.0K [17] | 13.8K [17]
23.7K [6] 18.7K [6] | 18.7K [16]
4.1
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42.1

4.3:

(+0.55K)
A)

2003 8 16

B

1Antoine

CFRP

511
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(
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4.2.2

1.
2,
( 20K)
25
200
10
4.4: 2003 3 10 12
A
A
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4.2.3

30 165kPa
180kPa
(130kPa)
200kPa [15]
77K 200kPa
4.5: 2002 12 21
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4.3

AN®OS m

4.6:

10

2003 10
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4.7:

2003 10 10 2003 10
)
)
4.7 4.8 4.7
4.8
4.7
4.8
(50 175 )
( 210 )

40

25

4.7



4.8 ( 19K )

4.8
9 11 12 )
9 ) 4.7 9
9
11 12 4.8
4.8:
2003 10 7
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4.3.2

4.8
4.7
49
4.9:
2003 10 25
0.2K 0.15K
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4.3.3

( 48 25

4.10:

4.10
175

2003 8 31

3000

9

6
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3000 5500

KO KO %
KO
(20 K,50 kPa) +1%
1700kPa
1% 0.64K ( 514
)
4.11 0.4K 1kPa
1%

4.11: 2003 8 31 9 6
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4.3.4

( 4.12)

( 260kPa[15])

4.12: 2003 10 14
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2. 4.13 70kPa

(19K)
30 05K

4.13: 2003 10 14
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$5F KOSBREF RAE

5K RIZHY

KO

10% KO

KO
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5.1

Gunn-Yamada

11 12
Gunn-Yamada

5.1.1 Antoine
Antoine

[6]

INPy,(T) = A

T+C

Pu(T) = exp A

T+C

( 10 mmHg 1500mmHg
14 25K 19 25K

1 (760mmHg)

!
1649

760=exp 13638 - _
&P Tn, + 3110
T, =20:367 K |
15789

D2

760=exp 132944
Tp, =23:700 K

20.27K 1 0.47%

A B
13.6333| 164.90| 3.19
13.2954| 157.89| 0

5.1: Antoine [6]

1 100

48

Chueh-Prausnitz

Gunn-Yamada

Chueh-Prausnitz

(5.1)
5.1

(5.2)



5.1.2

[6]

Gunn-Yamada Chueh-Prausnitz

Gunn-Ymada
Gunn-Yamada

5.2
Tp | Tc | Pc | Ve Z; ! R TR M
H, | 20.4| 33.2| 12.8| 65.0| 0.305| -0.22 | 0.071| 20 | 2.016
D, | 23.7| 38.4| 16.4| 60.3| 0.314| -0.13| 0.165]| 22.7 | 4.032
5.2: [6]
Ty [K]
Te [K]
T
Pc [atm]
V. [cm3/g mol]
Vs [cmi/g mol]
Z
! :
R . TR [g/cn]
TR [K]
M [g/mol]
T
T =—
r TC
PcVe
= 'R
Z RT.
' = 1 logPy Py Tr=07
v =M
S
Gunn-Yamada
T
T
T ==—
r TC

49

(5.3)



V,

Voe T, =06

vOm) (T)
vO(T,) =0:33593 0:33593,
+1:51941?

T, 08

(Ty) = 0:29607 0:09045T,

5.2 TR R

_ VO ()]
T VORI (T

M
VS:_
s

23.67K

S _ 0
— =vOTya !
VSC r(r)(

2:025121% + 1:1142*

VR [cmi=g mol]

(Tr)
0:2
(5.4)

0:048427
V(TR

(5.5)
W)

(5.6)

101.325kPa

s = 0:1622&[g/cn]

6]  [0.1631g/cm]

5.1.3

Gunn-Yamada

-9
1+ 9Z.N(P Pvp(T))

0.5%

Chueh-Prausnitz

= s PC

N  Antoine T

N=(1.0 0:89)
exp(6:9547 76:2853T, + 191:3060T 2

50

(5.7)

Pup(T)

, . (5.8)
2035478T3 + 82:7631T%)



5.1.4

50 kPa

5.1
1%

5.1:

0.64K

51

20K

20K



5.2

5.2

EMPTY RUN

5.2
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5.3:

55.55kPa 55.71kPa
0.42K 0.44K

53



5.3
P =5555 05[kPa]

P =5571 0:5[kPa]

1 kPa
0:5kPa
0.01K
( )
T  =2174K]
T =2175[K]
P=55 T=21.75
= 0.168[g/cm®
9
0.42K 0.44K 0:2K
0:2K 0:4%
= 0:168[gcn?] ( 0:4[%]) ( 0:5[%])
1%

54



5.21 11
5.4

5.4:

5.4

55

3 4
TAGX

2



5.5:

5.5

56



5.5

53 54 1
53 54 55
[kPa] [kPa] [kPa] [kPa]
1 50.64 51.77 49.93 1.83
2 50.26 52.18 49.84 2.33
3 49.92 50.03 49.78 0.25
4 49.52 49.62 49.44 0.18
5 49.39 49.52 49.23 0.28
6 49.23 49.28 49.18 0.10
5.3:
[K] [K] [K] [K]
1 19.41 19.53 19.18 0.33
2 19.34 19.55 19.20 0.33
3 19.31 19.45 19.13 0.35
4 19.20 19.64 19.06 0.58
5 19.22 19.44 19.07 0.37
6 19.25 19.36 19.17 0.19
5.4:
[g/cm?] [g/cm?] [g/cm?] [%0]
1 0.1741 0.1746 0.1737 *8;2
2 0.1742 0.1746 0.1736 *8;2
3 0.1742 0.1748 0.1739 +8§§
4 0.1746 0.1750 0.1734 +8§§
5 0.1745 0.1749 0.1739 +8§§
6 0.1744 0.1747 0.1741 +8§;
5.5:

57




5.6 0.1743g/cn?®

0:5%
= 0:174[gem?] ( 0:5[%)]) (
1%
5.6: ( )
5.7 ( )

58
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5.2.2 12
12

5.8:

11

1 2 2 3

5.8
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5.9:

5.9
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5.9

5.6 5.7
56 5.7 5.8
[kPa] [kPa] [kPa] [kPa]
1 49.35 49.41 49.30 0.11
2 50.13 50.34 49.60 0.74
3 50.22 50.28 49.81 0.47
5.6:
[K] [K] [K] [K]
1 19.25 19.35 19.15 0.19
2 19.46 19.70 19.30 0.40
3 19.36 19.57 19.10 0.47
5.7:
[g/cm’] [g/cm’] [g/cm’] [%6]
1 0.1744 0.1747 0.1742 +02
2 0.1739 0.1743 0.1732 +06
3 0.1741 0.1748 0.1736 +04
5.8:

61




5.10 0.174g/cm?

0:5%
= 0:174[gem?] ( 0:5[%)]) (
1%
5.10: ( )
5.11: ( )

62
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5.3 KV

5.3.1 K°

9 RUN ( RUN
40K

Vertex pint( 0:8<cos <06
) 5.12 5.12

5
4 v
’ b 2
ar o <
2 L
7 IR
148 T
TN
0 e
l: o
_1 > e o
AN td
25 X
. ..:,'
-3 e Tor ) . K .
DA
b

5.12: Vertex point

RUN (CFRP
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5.13:

+

KO

S

5.13

497:672MeV/c?
0.5 3cm

KO

InvariantMass

64

c =2:68cm

KO



ndf. 607.1 i 157
800 g

700 rﬂj

600 b

]
500 for]

| ]
400 J

300 J {

|
200 | \
100 JH L‘.
0 i

et ",
5 4 3 -2 -1 0 1 2 3 4 5

5.14:
53.2
Q[ /cny]
(xy) [em] 1(x;y) [cm]
[ /cn?] l(xy) [cm?
Z Z
Q= I06y) o 1(Xy)dx dy
1(x;y)
50 [kPa] 2 [mm]
[15] D
I(xy)=3+2 ( 1012 (x2+y?2) 9:9)cm]
D> [g/CnT?]
_ NA 3
n= Mo, 2 p,[ [lcm’]
Na Mp,
5.14
1 x x)*+(y yo)? 2
I(x;y)=C 5 e 22 [ [lem7]
© Z )Z
Q=S N 3+2 (1002 (@+y) 99) e L
Mp,

22 dxdy[ /cn?]
p=0.174[g/lcm®]  =0.5[cm]

Q=171 C 1073[ ]
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3mm 0.5%

5.15

5.15:
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+n KO+
KO
KO
NKS
KO
login

K* (p K

KO

Gi ord-McMahon

(CFRP
75 m

Linux LabVIEW

10 3
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KO 9 11 12 )
o = 0:168[gcm’]

11 = Ol74[g’cm3]
12 = 0:174[gcm?]

( 0.5%
0.5% ) 1%
KO

KO KO
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KEK

69



7 %A

2omA R

A.l:
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Al

A.2

SB

q
T
g=h(Tw Ti1)
q= s T°
oK 5:67 108 [W/m’K 4]
87 6082
=Cc 1
Th Su H T
Q = sB 1 SL(TIﬁ Tf)

Q

Q

i Grili )

= 4:28[W]

=2:09 10 3[W]

= 0:23[W]

71
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C
(SUS304) | 2.45 103 | 300K | 0.295m?
/ 2.45 103 | 80K | 0.236m?
1.13 102 | 10K | 0.074m?
( ) 4.53 104 | 300K | 0.071m?
(Im) 2.04 102 | 10K | 0.005m?
(Al 2.84 103 | 10K | 0.005m?
A.l: [7]
A.3
( )d
|
. @
T @
1
a= p(Tu Tu)
(accommodatiofactor)
p:  [Pa]
[M/K sec]
1
T,=300K T,=80K T3=10K 102
Pa R=8.31Jmol K M=30 10 3 kg/mol
=14 10cm
8cm 2.5cm
\Y
S =3 = 0:27[n7]
1 |:+>% ( 1cm)
1Pa
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S = < = 0:16[n?]
] Q - Q
Q = ¢S = 0:89[W]
Q = qS = 0:36[W]
2
te ToT
_ B B
=5 ——W/m K]
kB d m

kg = 1381 10 ?4[JK]

d=3 10¥m)
4023 3
m= 602 105 10 “[kg/mol]

=869 10 ?W/K m]

Q =gS=118 10°W]
9-5:2!2 95 2 "
S - - ( . )_ [mZ]
1000 1000
=4 Il (W/imK]
L = 0:9415[m]
Q = 0:06[W]
A2

17cm 12.5cm 9.5cm

19.4cm 6cm
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4cm 300K 80K

10K
Q = 637[W]
Q = 1:27[W]
Q1 Q>
Q1 =Q +Q +Q
—6887(W)
Q2=Q +Q +Q +Q +Q +Q
=1:92(W)
A.2:
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T 8B ZZE¥

B.1 CFRP
g/cm3C/P
MPa 235GPa
B.1.1
CFRP
void
1
100
B.1.2 CFRP
CFRP GFRP
CFRP
CFRP

HTA-12KE30 CFRP 15 16
70 80% 4177
54
4
1
)
01 m
CFRP
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B.1: RD208
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B.2:
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B.3:
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B.4:
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B.5:
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