2006. 1.14

(F—2F v Y2V & BiEERA)

1971 KEK % =%
1973F wWaEERETE>D (IEIHBERLT

S§kE—24F + ¥ xILIRFT
[(A#FRKAF] x| EHB=, FHRFEL EARdiA ZINAE—,
Ay, WHIEFAL, SARTHF LAWH, BAE | LHEFE
fera e, ONEFIERH, [ ARA4IE] )

* R EEHF () RHRFRE

1974~T7% E—&F + ¥ X IV
1977~87H P HRAEH
19784 alTaY L7 b F—L
[r1lE—2llbddsREEYTRy b VAT L] #EX
=% { DEFAM



1983 71 E—24%RKk
19884 MKEt>Y ¥ —+%k
VA, BizE~w 7%y PR Tay 7 bE T3,

8§ HIZLELE—2F+ >z
lxE—2 « « « OEP1, EP2
NI E—L - O 2
2RE—2L + « « OK1(37GeV/c) =HBC,DCSH
OK2(1.53.0GeV/c) =R E
OK3(0.51.5GeV/c) =F
® 7 14=7GeV/e) %

Y One SC Septum & Two SC Dipoles
O u(=200MeV/e)
OK means separated or enriched Kaon beam.



§ ABirE~7 %y MSCM)

1960k ok L h, A= 7 « F 7 Y(NDTi/Cw4
DRI, Zmic7ay B2 ER(ANL) G EE4E 02T
VAV A AN N X (W

FHF—FK—=F « ¥—T7IN(EBIEELED A D EIZITL D,
MBRBELT Xy P ENDODRANTERIZE - 12,

P F’ﬁ%]ﬁm\ $(#) Z (X Tevatron, LHCZ%: &)k L of K AlA 2 %

T, BIEEL 7 Xy b e VAT 2OHARTHEHLE L 5 12,
APEO, ERAMBEEC Xy F0ERE, 19708 KD % E
E—2F ¢+ YA OoEI -k, ThbbAT, BRY— A,
7% W ¥ iy 4 A 4 5 Panofsky Quadrupole Magnet#s B % X # /=,



SSVWT A KR ERIEEfm~e 7 % v M SD430X2) L —
BB T I LELUERAEANY LR BRILEBENOLL H Y RT L4
NWlrle—aF+ Y Zw]"ﬁA*h\%§%§®amh%Tbé
pionDE h & Litkzh L, kAR @EGEER I L, DRI
FRR (4 7ay 27 b e %—AJ#%&éh\t—A%« XW
ARSI 6 &, 2Pk, BiEE~ 72y POMBELBAET
AMMN S AL T, Wi BV,

COHRTaT 27 b F—20Fh 6, BIEEZE, Wik
72y PBLXURA YL /4 RE, TRODANY 724K - &AL
VAT LEF)ISELLDAMDPELL /2,



Wanted particle

———— Unwanted particle

om
¢ L— 48.7m
] L _ b
------- I ﬂ CERENKOV COUNTER
SR | B =l = |
TARGET g ;ﬂ
N :_J I VERTICAL
. i, ; it
SEPARATOR CM2 Q3 Q4 SLIT

DID2 QI Q2 D304 CMI
D-F

F-D

Fig. 6. The schematic beam envelopes of the beam K1 (vertical).
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Fig. 4. Basic principle of the elect;o'static mass separation.
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Fig. 3. Pressure-voltage curve of the 9 m electrostatic separator



KEK ELECTROSTATIC SEPARATOR

Type Mark I

Length 9 m

Maximum field 80 kV/cm

Electrode spacing 10 cm

Maximum high-voltage 800 kV

Working field 70 kV/cm

Working high-voltage 700 kV

Spark rate 2 per day

Working time between >500 h

conditionings

Deconditioning rate vl ox 10—5 Torr per day

Pressure plateau N5 x 10—4 at 700 kV

Electrodes (anode) Stainless steel
(cathode) Anodised aluminium

Gas Ne-He (65%-35%)

Table 1. Present performance of the 9 m electrostatic

separator.
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Fig. 2. The cross-sectional views of the 9 m electrostatic
separator.
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Fig. 1. Schematic cross section of the 75cm hydrogen bubble chamber.

ential transformer. 2. piston actuator.
5. vacuum tank. 6. piston cylinder.
11. window glass. 12. Scotchlite.

so simple and easy to fablicate, and the oper-
ation was proved to be quite satisfactory. The
gasket material used was pure indium. In the
typical operation of the chamber filled with
liquid hydrogen, the helium pressure was
ranged from 6 to 12 atm.

3.3 Expansion system

The idea of the expansion system of the
75c¢m bubble chamber can be seen in Fig. 1
and in Table I. Many efforts were made to
achieve the fast expansion and the reliability
of the system. The most important parts of
this system are the four Boot valves which
are used to admit or exhaust the high pressure

3. expansion (recompression) reservoir.
7. cold piston.
13. cold valve.

4. Boot valve,

8. magnet coil. 9. neck cooler. 10. body.
14, super-insulator. 15, camera,
air under the driving piston. They were

specially designed and tested extensivly. As
will be described in the following section, this
system showed very fast expansion and re-
compression of the bubble chamber liquid as
compared with many other pneumatic expan-
sion systems ever built, and was found to be
quite (useful to make the expansion ratio of
the chamber liquid as small as posible and
improve the quality of pictures.
3.4 Heat insulator

Thermal radiation from the warm vaccuum
tank wall is interrupted by “super-insulator”
which consists of many layers of crumpled
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Table 1 leak of the super-insulator from the vacuum

1. Body tank wall to the cold chamber was 0.2<10°°
1. material: manganese-rich stainless streel
2, liquid volume: 220 liters
3. visible volume: 140 liters
4. average inner diameter; 78c¢m
5. inner depth: 35.2cm
II. Window Glass
1. material: BK.7
2, diameter: 79.0cm
3. thickness: 10.0cm
4. flatness of the surfaces: 1.5x104
5. distortion due to striae: less than 1x10 4 or
0.3
I, Expansion System
1. cold piston diameter: 40.0cm
2. maximum stroke: 4.0cm
3. driving piston diameter: 30.0cm
1. pneumatic valves: four 5cm Boot valves
5. aircompressor: IHI-JOY 35 kg/cm?, 300 Nm¥/hr
IV. Refrigerator
1. type: Simple Linde
2. refrigerating power: 1000 (1500) watts-at 256K
3. liquid nitrogen temperature: 80 (65)K
4. liquid nitrogen consumption: 40 (50) liters/hr
5. inlet hydrogen gas pressure: 140 (140) kg/em?®
6. flow rate of hydrogen g: 320 (320) Nm¥/hr -
. Fig. 2. Bubble chamber pulled out from the vacu-
V. Optics
um tank.
1. lenses
focal length and opening: 75 mm/8
opening angle: 50 1; 7
distortion:  0.01% at 10 C) {
magnification: 1/20 N
2. cameras
3.eyed pulse-drive camera ,///
double exposures in 100 msec
VI. Magnet
1. weight of iron: 84.6tons
2. weight of copper: 14.5 tons
3. coil gap: 70cm widex 104 cm x84 cm (2"“, 4
4. central maximum field: 17.8 kilogauss 5
5. power dissipation: 2,18 MW (6500 A G
6. cooling water required: 140 liters/sec
(2)
aluminized mylar sheets. The inside of the 4
vacuum tank was covered with about 50 layers
of aluminized sheets on the average and the
chamber was wrapped with about 60 layers. d

FFor

maximum effectiveness of insulation at ‘

minimum cost and minimum space require-
ments, the density of stack of mylar sheets
chosen was about 10 layers per c¢cm.

From the which
when the chamber was warming up from the
liquid hydrogen temperature in the vacuum
tank, it was estimated that the radiant heat

measurement wis Inill’('

0 10 ]
Ltannd (MM) 1
Cross scction of the inflatable gasket, 1,
3. guard

Fig.
inflatable gasket 2, indium gasket.

5. window

viacuum groove. 4. window gla

frame, 6, chamber body.
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K2 Beam Line

Fig. 1. The layout of m—u channel. R1-R4 are the plastic scintillation counters used for channel performance test.

beam lines, K2, in the counter-experiment hall for the
slow-extraction beam. Pions from a production target
inserted in the primary beam line just before the K2
production target are transported via five magnets
(Qi, Qa2, D, Q3, Q4) to the m—u cave. The maximum
momentum of available beam is 300 MeV/c. The
length of the line from the production target to the
secondary target is 8.7 m. The “cloud” and “Arizona”
muons (see Sect. 2.3) can also be transported from
the production target or its vicinity. In order to use
low-energy beams, particularly the Arizona muons,
the beam line is evacuated. The m—u cave is shielded
from the primary beam lines with 3 m thick dense
concrete walls and three-fold walls along the beam
line. A beam plug is provided between Q, and D.

2.1. Beam optics

Due to the limitation of space we designed the
channel with the simplest configuration, Q—Q—-D—
Q—Q, with 45° bending. The inner diameter of the
quadrupole magnets is 20 cm, and the gap of the
dipole magnet is 15 cm. Two types of channel opera-
tion modes were designed and tested, which are called

“ordinary mode” and “dispersive mode”. Calculated
beam envelopes [1] of the two modes are shown in
fig. 2. The “ordinary mode” is to maximize the pion
intensity on the secondary target. In this mode the
pion beam is vertically focussed by Q, and Q, at the
center of dipole magnet D to avoid loss of beam by
hitting the pole pieces of the dipole magnet. The
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Fig. 2. Calculated beam envelopes of (a) the “ordinary mode”
with central momentum pq (solid curve) and pg X (1 + 0.06)
(dashed curve) and (b) the “dispersive mode™ with pq (solid
curve) and pg X (1 £ 0.025) (dashed curve).




Slow Extracted Proton Beam
and

-




Jo(A/mm2)

_~Niobium-titanium

Fig. 2.11. Upper ciritcal field, temperature, and current density for commercial supercon-
ducting materials NbTi and Nb;Sn (from Schwartz and Foner?’)
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Panofsky Quadrupole 1



Panofsky Quadrupole II



International Collaborations in
Applied Superconductivities
- High Energy Accelerators and Detectors -
H. Hirabayashi, KEK
May 2002

1. CDF magnet construction - US - Japan (Fermilab)
1985 ~ 1990

2. Muon Storage Ring Construction - US - Japan (BNL)
1986 ~ 1996

3. LHC Quads Construction - CERN - KEK (CERN)
1998 ~

4. LHC/ATLAS Solenoid construction - CERN - KEK

(CERN) 1998 ~
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Figure 1: Schematic layout of the LHC
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