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Abatract

A medium pize hydrogen bubble chamber has been constructed at the
Natiomal laboratory for High Enargy Physics, KEK. The bubble chamhor
has been designod to be oporated with a maximum rate of threo times per
half a sacond LR cvary two second rapetition time of the acceloerator, by
utilizing a hydraulic expansion syatem. The bubbla chamber has a one
mator diamecar and a visibla volume of about 280 2. A throe-view sterao
camera syatem 18 used for. taking photographic pictures of the chamber.

A 2 MW bubble chambor magnet is constructed. The main part of the
bubble chambar vessel is supported by the magner yoka. The magnet gives
n maxinum fiold of 18.4 k@ at the centra of the fiduclal volume of che
chombor. The overall evatem of the KEK 1 m hydrogen bubblo chambar
facility is doscribed in eoma detail. B8omo operational characteriatics
of the Faeility are also reported.



1. Introduction

A plan to conatruct a medium eire hydragen hubble chamber far
experimenta with the 12 GeV praton synchrotran of the National lahora-
tory for High Eunergy Physica, KEK, was initiated during the year 1970,
when the finsl decision to establish thn present KEK was formally made
by the Japanese Government. The basic idea of conatructing a 1 m hydrogen
bubble chamber was to moke a bubble chamber body with the largeat poasible
diameter, inside the available fiold of an already existing 2 MW bubble
chamber magnet, ap well as to wtilize o similarly existing 6D £/hr
hydrogen liquefier, both of which were built far a 75 cm test chamber
congtructed at tha Institute for Nuclear Study (IRS) of the Univarsity
of Tokyo, by the Proton Synchrotron Study Gruup.l)

The principal characteristics of the planned 1 m bubble chamber
ware ag follows ; (1) tha chamber should have a diameter as large as
posaible ineide the availablo magnetic field of about 1B k8 ; (2) the
chamber should be able to be axpanded by double pr triple pulaing during
half a second, by utiliring a hydraulic power supply, so that it could
make a selective exposure by using a counter triggering system ; (3) the
bubble clambar should be operated cryogenically as efficiently as possible
in arder to utilizo the existing 60 Y/hr hydrogen liquefier with the
leaat modification of the cooling mystem { and (4) a Scotchlite-raflector
pystem was uaed because of the limitation due to the available srructure
of the old existing 2 MW bubble chamber magnet.

The construction of the bubble chamber started in 1971 at tho
Tanashi~branch of KEK, in the campus of INS, whera the old axisting
associated faocilitics such as the hydrogen liquefier and the 2 MW magnet,
woro housed at that tima. Theae facilities were then transferred from
the Tansshi-braneh of KEF to the present bubbla chamber building in the
Taukuba-site of KEK, This building, which wag completed at the end of
1973, has an arean of about 400 mz‘ 1t accommodates not only the bubble
chambor and the magnat yoke, but also raoms For hydrogan gas compressors,
purifiers and for the hydrogen liquefier.

The main compononts of the KEK 1 m hydrogen bubble chamber (KEK ! m
HBC) ara ; (1) a bubble chamber body, (2) the 60 £/hr hydrogen liquafier,
{3) an expansion system having a 110 kW hydraulic powar aupply, (4) an
optical aystem with a three viow stereo camora and film-handlers, and
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(5) tha 2 MW bubble chamber magnet system.

The construction and mdifuutian of thase principal components,
and associated facilities of the chamber, was completed by the end of
1975, - The vorious :en:—opuntibm‘ were made during the yeara 1976 and
1977, '

Another vory important !‘aqility needed for bubble chazier experiments
vaa of course a beam lina, which was completed at the end of the 1976
figcal year, as will ba reported upnucé!y. A deutirium filling ayatem

- for the bubble :hmbat“f;u baen Enmplatad at the design ntaga.z'” and
e of. the comp ts of the system is now nnder way. The
systen will ba completed during the year 1976.

This report :uve:b the general description of the KEK 1 m HBC and
some detailed discussions on the \n‘im:ipnl. cowponents assoclatad to the
bubble chamber. Varfous opluthhal characteristica are also dimcusseed
in gome datafl, Ho‘vavar.v n‘mruil data on the magnaetic field of the
chaphar and datailed information on the optical par of the chamb
optics will be reported separdtely,

2, Tha Outline of the KEK 1 m HBC and its Associated Facilities

Figure 1 shows a very simplifisd plan-view of the XKBK 1 m bubbla
chanher facilit{ea and their locations, The bubble chamber beam lina
extands about 110 m from a fast ing point al ida the 12 GeV
accelarator mainering, and suppliss beams of protons and piona up to 6
GeV/c, at the prasent tima, It 4 axpagted to Bupply beams of antiprotons
up to about 2,5 GaV/c and of kaons up to about 4,0 GaV/c within a year
or 80, by using n doubly-staged DC-separator system.

The bubble chamber building chnul:l of two meparata structurss)
the main bubble chambar building snd tha wing for control and oparational
foeility rooms, aa shown in Fig, 1, Tha hydraulic expanaion powar
supply 18 accommodated in s saparate amall house next to the bubble
chanbar main building.

The building has its main room at tha ond of the bsam line, and has
three other separate compartments, oach of which has its own facilities:
(1) a room for n hydrogan gas compraseor system, (2) a saction for tho
hydrogan high pr cry i¢ purifiers and almo for the deuturium
compressor and purifier mystem, (3) a room accormadating the 60 E/hr
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hydrogen liquefisr, tha 4000 £ 1iquid hydrogen tank and tha 1000 2
emgrgancy reservoir tank for liquid deuterium. The electrical power
supply for tha 2 MW bubble chamb gnat is located nearby tha bubble
chamber building. It has its own water ceoling facility. ’

In what follows, we will give some description of these principal
facilities af the KEK 1 m bubble chamber ; the 1 m bubble chamber body
and its cooling and f1lling system are dascribed in section 3, and the
hydraulic expanaion ayatem in asction 4. The op::lcn_l. atructure of the
chamber and the film handling system are described in gection 5, and the
2 MW bubble chamber magnat and its powsr supply are described’ in section
6, In sections 7 and B we give Aoma oparational characteristica of the
chambar and our conclugiona.

3. The 1 m Bubble Chamber Body snd 1its Cooling and Filling Syatem
3-1. The layout of the 1 m bubble chamber body

The KBK 1 m HBC was designed to ba oprrated with about 280 £ of
visible volume of 1iquid hydrogen =2t a temporaturs of 26 X under a
pressura of nbout 5 atm, or.with deuterium at about 32 X under 7 atm
presayra. Principal paramatars for the KEK L m HBC ara ghown in Table
1,

The hydrogen liquefier has tha capability to make about &5 {/hr of
14quid hydrogan, which is usunlly stored in a cryopenic reservoir tank
of 4000 £. Tho 1liquid hydrogen in tha 4000 £ raservoir tank ia then
tranaferrad to the cooling~loops of the bubbla chambar main body. This
cooling ayatem is entirely separated from the hydrogan gas £illing
ayatem to tha chambar. Tho complete saparation of the hydrojeu gas
fil1ing system has baen done so that the deutarium gas filling myatem
can bp sapily made with the leant connmﬂpticn of deuterium gas, when the
chamber ia to be operated as o deutarium bubble chamber. Figura 2 is a
achematic dingrom af the cryogenic eyatem of the KBK 1 m HBO facility.
In this Bection, we will doscribe the main parts of thn bubble chamber
and the cryoganic syatem of the chambar.

3-2. Tha bubble chamber vemsal and vacuum tank

Figure 3 shows n cross section of the bubble chamber vossel and

vacuum tank as assembled ‘2 the bubbla chamber magnat. The bubble
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chanber vessel consista of a chamber body and supporting cylinder, with
three heat axchangers’: firatly, a neck-cooler, sacondly , a piston
cylinder cooler and. thirdly, o gnn—pools:, In oddition to these thrae
cooling -cylinf!ar‘s.:n heat-ingulating cylindar between the upper cooler,
ths gas nooler,-and -the main' support top-plate, ‘completes the about 170
cm long suppnzting cyii~der that connects the chamber bedy to the tap=-
plate, '

The' bubble chamber contains bout 430 2 of 11quid hydrogan under an
expangion piston, called a "cold-piston. A fiducial volume of gbout
280 £ is visible to a thras-view camora system, through a 1 m diameter
viewing window, The window-glass 18 14.5 cm in thicknass and is affixed
£o the chanbar body with a titanism-mada window=frame by using an "inflatable
gaskat" to make a seal for the vacuum aa shown in Fig, 4,

The chamber body ie made of stainless-steel called modified CK-20,
conposad of 50-% Fa, 23X Cr, 23 % Ni, 3.8 %' Mn and 0.2 X Si becausa of
speciol considerations regarding its austenic stability at vory low
temperatura. .

The window-glasa is made of BK~7 type optical glasa, which has a
rofractive index of 1,316, 'hm inflatable vacuum-sealing gasket, ia
made of ring shaped inflatable tubing prossuriced by helium gas inside
the tubs, and .the seal is mada with two indium O-rings fitted to groaves
carved on sach surface of the gaskat :ub'o‘} as shown in Pig. 4. One more
groove is praparod for-pump-out betwsen tha outer and the inner indium
sasls, When the chismbar is cnollr‘lrdam‘.":ha gaaket is pressurired up to
as much as 30 atm, with helium gos, to ensure a vacuum=scaling batween
the window-glass and ‘tha cheriber body.

A3 um thick plate of BUS-3LEL atainlecs atesl, with the dimansions
51 em (L) X 21 ém (W) 1a mouﬁtud on eaal side of tha chamber body as a
bean window,

A ballows-ssnled valve mada by Nippon Koatsu K.K,, cnlled a “cold
volve' {s furnfehed at tha bottom of tha chisbher as shown in Pig. 5.

Tha cold valve is operated by prassurixed:-helium gas, ond permits the
chamber to be clearsd of the working 1iquld whan nacessary.

The neck-cooler is degignad to exchongs heat of about 200 W from
tha chambar. It has eight coppar fins fabricated inaida the wall of n
BUS-316L etainless cylinder which s 45 cm in innor diameter, and 40.5
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co in height, as shown in Fig. 6, The cooling-coil, ‘which da eoldered
on the inner wall of the neck-cooler cylinder, is a copper tgha of 1 em
thick, 10 om inner diameter and total length 2672 cm.’ The total surface
area inside the neck-caoler ia about 12860 cmz with 1010 cmz_ surface
area for each fin, A nitrogen coaling coil made of a copper tube 1 mm
thick, 10 mm in inner diamater and about 1850 cm in length 15 also wound
13-turns times round the outaide surface of the neck-cooler.

Tha piston cylinder, which is a guide cylinder for the. expansion
cold-piaton, is made of SUS-316L stainlaess ateel with a haight of 30 em,
inner dinmetor of 45 cm and wall thickneas of 1 cm. The inaide of the
cylinder is plated with chromium in order to harden the surfsce, The
aylindar also has a cooling-coil on its cuteide surface, mida of copper
tuba of 1 mm thick, & mm inner diameter and 1960 cm total length.

_ Tha gas-cooler is a copper cylinder with a heigh; ‘qf 30 cm, imner
diamater of 45.5 cm and wall thickness of 1 cm. This cylinder hao a
similar cooling coil aam used in the neck-cooler, with a copper tuba of a
total length about 1377 em. The inner surface of tha cylinder has
vartical pleats of a pitch of 1.4 mm and a dapth of 1 mm, 1in order to
provide batter heat-exchanga with the hydrogen gas., The total area of
the innor surface i about 3737 cmz. twice as large s in tha case
without pleonta. Tha gas-coolar has a heat-axchanging puwer of aboiit 1
kW to tha working hydragen gaa,

The heat~insnlating cylindar han a height of about 65 cm, an inner
diamater of 45.5 cm and a wall of S mm thick made of SUS-316L stainlasa
‘atoel, This cylinder insulates tha rooling cylindors fxom ths supporting
main top-plate, which is vsually at a room temperature. This cylinder
has o guida-frame to cnsure emonth moving of the expansion c&ld-pilton
rod, Many sheats of Taflen aru packed inmide tha cylindor, in ordar to
reduce heat influx dus to gas turbulencen induced by tha moktion of the
epld~piston.

Tha top-plate is made of 8US-316L amtainless plata of thicknams 7.5
ee, and dimansions of 168 cm (L) X 81.5 cm (W). This plate susponds
the complate bubble chambor body inside tha vacuum tank. The whole
bubble chamber assembly describad above is than aupported and housed in
the vacuum tonk which is pupported by a frama fixed on ths bubbla chamber
magnat yoke as ghwon in Fig. 3.



The vacuum tank has 8 height of about 320 cw and a cross Bectional
dinension of 156 cm (L) X 69.5 em (W), " The tank has a projecting elliptical
vacuum ny].imla: on ita front eide, which we call a “camera extension'.
It has a iegnth'bf .154 cm’l_md‘n major axie of 101.5 cm. The vacuum tank
and the'camera iiitepainn cylinder are made of St13-305J1 atainless plate,
with o thicknesses of 32-mm and 20 &m respectivaly.

_ The camora qutenaioﬁ ha'i. on its ending flange confronting the
‘bubble’ chambar camira systes, six 'viawlng port=holes, three of which are
used rn}r taking phutugrnph"lc pictures .'and the others for monitoring.

The optical glass-disks, each of which 1is made of quarte of 13 em dismater
and 4 cm thickness, are 'lunlqz‘I with a neoprene geal against tha viewing
pore-hbln of tha ending flange of the camera extansion.

Two beam-windows for 1nc6m1‘ng and outgoing particles are made at:

the eithst side of the 'vnc\mm tank, each with dimansions of 69 rm (L) X
39 cm (W), The vindaw-plnta 1a of HUS-305J1 statnless plate with o 3 mm
thickness, Flgure 7 shous an ovarall view af the 1 m bubbla chasber,
urapped with nluminigad Mylar shasts, called pupsrinsulator shanta,

3-3. The hydrogen 1iquafier and the associated cryoganic facilities

The hydrogen liquefisr and cryogenic syatom of the KEK 1 m HBC
consists of high-prunuu hydrognn gas storage bottles, a low-promsure
gas holdar, hydrusln comprassorn, hydrogan-gas purifisrs, tha 60 R/hr
hydeogen iiquefier, dnd a 4000 .0 roservoir tank. The basic flow disgram
of the hydrogen 1£quegiur and cryogenic system for tha hubble chamber
facility has alrasdy bean shown in Fig. 2.

The most, {mportant and prominent faature in tha flow diagram is
that the systam utilises a 4000 £ 1iquid hydrogon rossrvoir tank betwaen
the hydrogen ligquafdiar and the bubbls chamber coocling-iocops. Thia 400020
hxdragm raservoir tank is fnatalled with the aim of using 1t as a
buffar-tank for l.fquid hydrogen coolant to the bubble chamber, ~iwabling
caufar control of tha bubbla chamt p ion, ind dently of the
oparation of tha 1liquefier. The raservoir tank haa the capability to
praserva nbou: 4000 .8 of 1iquid hydrogan under an operating pressure of
up to 11 atm, nnd was designed to kaep Mtuul vaporizing consumption to
para-~hydgogen at less than 1 % per dny, Tha consumption rate was
meaaured in overall test operations nnd was found to satiafy this oondition,
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Thermal insulation of the remarvoir tank 1s achiesved by “auper-insulation™
which conaista of vacuum and aluminized Mylar sheets of about 450 layers.
The inner and ocuter vesaels and pipings are m!de of SUS-304 stainlaess
ateal, Pressure and liquid level in tha rceervoir tank are controlled

by pneumatic cantrol valves in the hydrogen liquefier.

The hydrogen liquefier is of simple "Linda :ypﬁ", and wag constructed
by tha group of Tokyo Worka of Nippon Sanso K.K.. The liquefaction rate
of the hydrcgen liquefier was measured in combination ui;h the 5000 ¢
liquid hydrogen reuervoir tank in several overall teat upiratléﬁs of the
KEK 1 m HBC, It wae found that the maximum 11,qn¢£i:=cion rate was about
72§/tr at 3,5 atm premsurs of the reservoir tank in the ééhe when the
two hydrogen compressors wers working in full parallel-oparation. Thie
rate is equivalont to 1300 W of refrigezation at 25.5 K. "Since wa
expect about 700 W for normal liquid hydrogen operation of the bubble
chomber, this figuro seems to ba r ble. Hi ver, the cryogenic
conling powar of this liquefier syatem may be a lirtle tight for operation
of the chamber with dputaorium, considering the larges heat loss dua to

the longer expansion atroke.
Principal spacifications of othar absocintad apparatus are as shown
in the Following list.
(1) Bigh-Premsurc Hydrogen Gas bturngu Bottlas
Capacity : 175 NmJ. 3 unita, and 1125 Nms. 1 unit
Presauro t 150 atm
(41) Luw-Proasurc Gas Holdaor
Capacity ¢t 20 N
Prossure t 1,02 atm
(1i1) Hydrogen Compraamor
Typa @ 4=ataga, oll-lubrication
Capacity t 160 Nn’lh:. 2 units
Proasure : 150 ntm
flectrical Motor Power t 60 kW, 2 units
(iv) Mydrogen Gus Purifiers
(1) 0il adsorbara : filled with Alumina~-gel
(2) Water dryor : filled with Molecular-sievas 5A
(3) Cryogenic purifier : fillad with Molecular-siesvea 5A,
and coolad by liquid nitrogen
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In addition to these facilities three liguid-hydrogen transfer
tubea are installed between (1) the hydrogen liquefier ond the 4000 £
reservoir tank, (2) the raservoir tank and the bubble chamber, and (3)
the chamber and the liquafiar;' The lengthe of thesa three tranafer
tubss are 347.2 cm, 694 cm, and 58§ :m_raapbn:ivaly. The most complicnted
transfer tuba ia the first one, which has a triple structure as followd,
1iquid hydrogen being transferred into the reservoir tank flows through
the innar most tube, and the returning hydrogen gas from the reservoir
tank to tha heat exchanger of the liquefier goes through a sacond-layar
tuba which envelopad thae first ona, finally an outer tuba of vacuum-pipe
insulates heat cnnduction by means of o vacuum and superinsulator sheets.
This triple-layarad tube ham besn working wall and the heat-loass of tha
tubs 18 found to ba about 1 W per meter at 20 K. The other two transfar
tubas are doubla-iayored and have similar structure and similar performances
to the first ona nl:hougﬁ they are much leas complicated.

3«4, Thormnl {nsulation of the bubble chambar

Tharmal radiation from the warm surface of the vocuum tank is
shiolded by about 30 layars of suparinsulator sheats. The hubble chomber
is wall wrapped with about 60 layers of superinsulator sheats, axcept
for tha area of tha viewing window, The rad{ative heat loss from tha
canara axtonsion through the window=glnss is reduced ns for ss possible
by employing a cold hydrogen-gas cooled alliptic cylindar callad "camara
oxtansion shield" with o longth of about 110 cm and a 95 cm major axis.
This comara~sxteneion-shiecld is wrappad with ahout 60 layera of mupar-
insulator sheats around the outsids, and is compactly {nmertod inside
tho camora sxtension.

The pressure in the vacuum tank is kept as low as 2 X 10'“ Tort
whensvar the bubble chambor im at 1iquid hydrogen temperature,

The amount of radiative heat leak coming through the window glams
from the camera extension shiold co the bubble chamber body was sstimated
to be about 18 W, Tha radiativa loss from the warm surfaco of the
vacuum tank through the superinsulator layars wasm conaidored to be
nagligibla {n comparison with tha leak mantioned mbove. The amount of
haot loss dua to the conduation through tha mupporting cylindera and
others wam estimated to be about 52 W, The total static heat loas of



70 W thus estimnted turred out to be in good agreement with the results
enleulated from datn obtained by o stakic evaporation experiment in the
chamber.

3-5. Cooling system

The cooling system of tha bubbla chamber consista of four loops 8s
shown in Fig. 8 1 the nitrogen cooling loop, thoe neck-cooler cooling
loop, the piaton cylinder cooling loop and the gas-cooler cooling loop.
The nitrogen cooling loop through which liquid nitrogen pamsea is only
usad when the chamber im to be kept as cold as 1iquid nitrogen temperature.

For cooling and temperature control of the bubbla chamber, the
neck-cooler cooling loop is used. Liquid hydrogen ia transferred from
tha 4000 £ 11quid hydrogen roservoir tank at temperatura of about 24 K.
Tha liquid hydrogen temparature in the bubble chamber ia converted
through the vapor-pressure of a hydrugan-gnuclilied sensing element, to
an air-pressure signal by a pressura transmittar, which makes a derivative
signal to a temperature controllar TRC-2. The temperature controller
produces an actuating signal by comparing a measursd variabla with a maet
valua, and then amplifies it to giva aon output air-pressure signal to a
throttling valve PCV=3. The PCV~3 changes the amount of Flow of liquid
hydrogen coolant in tha cooling loop. The coolant temparatura of the
cooling coil inlet ip automatically controllad by a thrattling valve
TCV=1 which changes tha vapor pressura of the liquid hydrogen coolant.

The piston cylinder cooling loop suppresses the boiling of liquid
hydrogon around the cold pimton. A throttling valva PCV=7 of the cooling
loop 18 automatically contralled by a controllar PRC~7 so that the
prassure of the liquid hydrogen coolant ia always kept lower than tha
saturated vapor preseure of the working liquid in the chamber.

The gas=coolsr loop is the pressure contrsl loop of the chamber,
and has only one valve named PCV~4, which controls the flow rata of
1iquid hydrogen conlant in the gae-coolor coil. The prasaura of the
bubbla chamber is converted into aa air-pressure signal by n presaure
transmitter, This eignal ie led to the prossvre contraller, PIC-4, the
output signal from thim controller oporates a throttling valva, PCV=4,
and thus ths hydrogen gaos in the volume above the piston is condensed
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4nto 1iquid through heat exchonge at the inner surface of the gas-
cooler. The temp and p control loops are alao used to
cool the chamber down to 1iquid hydrogen temperature and to make liquid
hydrogan in the chambar itaelf.

3-8, Fil11ing aystem

¥hen tha chamber is cooled down, a f£illing aystem supplies hydrogen
gas into tha chamber at a point just balow the neck-cooler cylindar.

The £illed-gas ia liquefied at the surface of the nack-cooler. Filling
gas 18 ment from 1iquid hydrogen gas cor , through a cryogenic,
1iquid nitrogen cooled, purifier of 200 Nn3 rotal capacity, at a rate of
10 Nn’/hr. The purity of supplied hydrogen gas ia monitored by means of
pas~chromatography, so that the impurity in the supplying pae is alwvays
_kapt lower than a few ppm, i

As already mentioned, the hydrogen gas £11ling syatem of this
bubble chamber is entirely separated from a deutarium gas filling eystem
vhich niseds very apecial gas-handling sy b of y and
purity of the deuterium gas to be used. The deuterfum gas filling
system of this chamber is sti1ll under construction, and will be raported
separataly.

3-7. Safety considarations

Ona of the importsnt ftems in a hydrogen bubbla chamber facility
and ite operation is safaty consideration. In tha KEK 1 m HHC facility
thera are provided several safsty squip to natisfy safety requirsments
1aid down by tho government., Thara ia m hydrogen gaw ventilation piping
system in the main vacuum tank and other main sub-pystsms. Tha vantilation
piping systam includes various arrangemsnts of manually operated vent
valvea, safety-valves, and burst=disks, all in porallel operation at
sach sub-system.

Gas prassure in thess systems can be manually decreased 1f necessary,
and ventilation of hydrogen gas starts automatically whenever gas-
pressure laval rines abnormally,

In case of omergency in the bubble chambar main vessal, liguid
hydrogan in the chsmbar can ba immadiately relassed to the atmosphers
outsida of the roof of the building through tha main ventilation piping,
since the cold valva aquippad at tha bottom of the chambar is connected
as described previously,
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4. An Expansion System

In the REK 1 m HRC, expansion-recompression of the bubble chamber
is made by meana of a cold piaton moved by a hydraulic povar syetem.
The system has been deaigned and conatructed to produce & 'mnxlmm incresse
in a liquid hydrogen volume of about 2.1 X, and to operate up ta five
times avery two de. Bxp ion p are susmarized in Table
2, The cold piaton and the actuator are sfiown achematically in Pig. 3.

The cold pinton ia made of SUS=316L. The piston has two 40 mm wide
Teflon-rings on ite circumference, There remaina o small clearance of
about 0.1 mm batwosn the piston and the cylinder at the operating

p e of the chamber, The piaton haa a totsl waight of about 42
kg. The cold piston is econnected to a hydraulic actuator which is
nounted on the chambar top-plate.

In this actuator system, there are two sorve valves of "Pegasua'’~
16400 type ueed to control hydraulic oil at a preasure of 210 kulcmz.
Figure 9 gives n circuit disgram of this hydraulic system. Four accump-
lators of total capacity of 40 £ are installad near the servo valves in
order to avoid oil pressure decrease due to piping in a high expansion-
rata. ’

The hydraulic power mupply for the expanaion system is located in a
separate amall house about 30 m from tha actvator. Two oil=pumpa rum at
an oil presaura of 210 kglcmz. The fluid flows through tha accumulutor
at a1 rate of 300 £/min, traneferred in 8 piping of 40 mm inner diameter,
Another pump run= at o prasgure of about 75 t,tzh:ml for hydroastatic
bearings, Contamination in tha oil is usually resoved up to the leval
specified as NAG~4 by utilizing a filter of 3 um in sire, named "Paul".
Tha phosphoriceastor oil ugually called "Pyrquel-100" 4a used for powar
transminsion fluid becausa ita viscosity ia quita euitable for pumps,
and also bacauss tho oil has good chemical properties dua to its in-
combustdibility. Bince the oil im corromiva, Viton O-rings ara usad faor
sealing. The power supply has an oil rassrvoir tank of total volume of
about 2000 {. Tha remetvair tank, pipings, and the actuator has baen
wall procasscd bafore practical upaga, by a hod of flushing a phoaphoric
acid.

Tha dynamfcal ¢ s of tha expansion can be calculated with
raforence to Figa. 10 and 11. The complota sapanaion-recompression
cyalo time takas about 35 msoc for 1 X expanaion voluma, and the expan-
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sion pulse has a 10 ¥ to 90 X rise-time of about 12 msec. Figure 12
'nlm'lq the movement of the cold piston, and the dynamical presaure of
1iquid hydrogen in the ch bar. The of the cold piaton agreea
quite well with the estimated valua. The pulsa shape of the piston
mavement or ‘the wave~forn of the dynamical presaure is led to a computer
data logger (a eystem called YODIC-100) through a wava form analyser, -
and 18 checked up whether tha wave form and the timing of the incoming
beam pulse are propsrly set. If any adjustmant of the timing or tho
shape of the piston movement is necessary, the input pulse is changed
through the DA-converter of the wave form analyeer,

5, Optics and a Film Handling Byacem
5-1, Elementa of tha optical syatem

The optical system of the KEK 1 m HBO consists of m Bcotechlite
light~-reflector, a 1 o di viewing window, thrse amall optical
glass-disks on tha camera-extension flange, flash-tubes for illumination,
lonaes and cameras for the three view aterao-photograph, and a camora
cuntroi:hr as shown in Pig. 3, The bubble chamber picturam are taken by
these threo cameras in a bright field illumination. An unperforatod 35
mm Hinicopy film is used for the camara. In nddition to this thros view
sterec-camera syatem, this bubbla chambar employs a Bpecial monitoring
camers which anables one to take a singlea shot picture of ths bubble
chamber by using a Polareid camera with a spacial lens, This monitoring
ons=ghot camera system turns oput to be vary conveniont For a quick check
of the bubble chamber working atatus.

3-2, Illumination

A sheot of Scotchlite BPR=1042 mnda by the Minnasmota Mining and
Manufacturing Co, is used am & ratro-diractive 1ight reflector, on which
the back-flducinls ara marked,

The 1 m viewing window-glass is mada of borosilicate crowvn plasa
corresponding to tha optical glaas of the BK-7 'typn manufactured by
Ohara Qlass Worke. The dJimenoional paramaters of the window-glaoss,
namaoly its size, parallelity, flatness, refractive index and front
fiducial marks ara also given in Fig. 13. On che anding flange of tha
camnrs oxtension, therc are six viewing port-holes, threa of which nra
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used for viewing holes for the three view sterec-camera aystem. A
quarte disk of 130 om diameter and 40 mm thicknees, with refractiva
index of 1,548 is used for the viewing hole. This glams-disk of the
camera~extension flange i atrong enough to stand up to vacuum-presaure,
or aven to a thermal shock dua ta temperature chenge from 300 K to 80 K
in emergency.

A eircular xenron flash tube is mounted surrounding tha frama of the
lens, The tube givas light of ahout 5 to 70 J during a period of ahbout
200 #sec. With the lena aperturc sat at i/u. tha flash tube needa to
emit only 15 J to taks pictures wiiLh the baat contrast on tha film,
which is tha Fuji Minicopy film HR-II. The flash tuba ham ailver plating
on half ics area on the rear side of the tube, so am to reflect light
and to apply a trigger pulae.

Tha output pulse of the flash-1light is monitorod each tima by a
photodioda, If the flash tubs yields a weaker light than raquired, an
alarm is signalled.

5-3. Lenses and comaras

In conventional track-reconstruction programs, it is usually raquired
that tha optical axes of all the lenses in a threa view sterac camera
system ghould ba parallel to aach other, and perpendiculer to the surface
of the bubble chambar window-glasms. In order to fulfil this requirement
the lens and the film positioning vacuum plata ara mountad on a box,
koeping the optical axis of the lens parpandicular to tho surface of the
film plata, An opticnl instrument is also mounted in the box in rrdar
to stamp camera~fiducial marks and etop marks (the Brenner marks) on the
current pieturo. Threoe boxaes, each of which is mentionad above, are
inatalled on one sido of a comera~panel, with the optiecal axes of their
own lensss sst parallel to mach othar. On the other sids of the panel,
ara throe cameras with a film mngasina.

The camara-panal 1s supported on a movabla ataga, by means of which
an axact distonca from rhe surface of tha bubble chambar window-glass to
tha fi{lm plane can bo adjusted and fixed. Tho camera-panel on its
movabla stnge, onn be rotated about vertical and horizontal axos to make
the lensas perpendicular to a surfaca of the window-glass, Thim setting
ia mada by means of an nutocollimator.

This threa view stareo-camera is abla to toke three photographs
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at intarvals of every 200 msec within one accelerator flat-top of half
second duration. Each camera s operated by a pulse motor for rapid
advance of the film. Tha film is then reelad in by a dc motor. Thesa
motora are sealed in tha camera so as to ba air tight, because of the
necesaity for safety of operation in a potantially hydrogenous atmosphere.
The film driving mechanism of the camera ia magnetically shielded, and
can work under a atyay magnetic field of about 2 ki. Bach camera has
its own optical tranmsport mystem, by means af which the frame~-number of
tha picture 1e labelled by using a small light-amitting data box attached
on the right hand zide of the camera.

The lens was designed to sutisfy ths following requirements ; (1)
it should have high resolving powar, (1i) it shouid be almoat free from
distortion and other absrratfona, (1i1) its pupil should he in cloae
agresmant with the positon of tha nodal point for tha whole field angle
and (iv) its diamater should bs small, bacsuse the light uource or flash
tuba must ba as close as possible to the pupil of tha lens asm {a suitable
for using Scotchlita SPR-1042.

It is well known that n lene can be mada without diatortion for a
nagnification of 1, 1f it is made symmetrically with respaat to its
ptop. Thara ars in scnlrn‘l twa kim!l of aymmatrical lanses, a nagative-
nonitive-negative type and a positive-negative-~pogitive type, Since the
tubble chambar raquires o wide angla lone, the negativa-poaitive-negativo
typa hoa baen adoptad. Bomn modifications have boan mada for tha lens
in order to obtain 1/27 in magnification for the XER 1 m }BC camara
systom., The lens and the camara system ars all manufacturad by tha
Canon Co,, Ltd.. Plguran 14=16 and Table 3 give the principal charactoristicn
of cthe designad lens, togethsr with tha values obtained by tha nctual
lans, The lgns heing usod in the KEK 1 m NG sutiafios the above mentionad
requiremants well,
8-4, Film Pormat and Optical Conatants

Tha f1lm umed {n tho KEK 1 m HHC camera system is of the Fuj!
Minicopy £11m HR=-11. 1t 1s unparforated 33 mm wide, with a 0,1 mm thick
pulyestar bans., Fach view has its own roll of total Jength 305 m. This
film 18 panchromatic with Iow photoracording sensitivity of 390 linas/mm
for a test=object contraat of 30il, Ita gamma~-valua {s about 3.J.
An untihalation layer of llum thicknass is coated on theo polyastor
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base and an emulaion of about 3 um thickness is loaded on the layer.
Shrinkaga of the film is observed to be about 2 X 1074 aeter conven-
tional processing, which is usually done at the processing laboratory of
the Puji Film Co., Ltd..

The film format of the KEK 1 m HBC picture is shown in Fig. 1?. The
photographic pictures of the bubble chamber are taken with a magnifi-
cation factor of 1/27 on the 35 mm film, Various data such as the view
nuober, the roll-frame numbaer of the currant film and the data on the
particle heam are recorded in Arabic and in binary form.

The optical conatants of the bubble chamber, which sre necesza:y
for film analyses, are also datermined, The principal parameters of the
optical structure in the KEK 1 m HBC are given in Fig, 1B. By using
these parametars and tha actual bubble chambar pictures raken at overall
test operations, thae optical constants are determinad by using the
program PYTHON developed at CERN. Thesa optical constants are given in
the form usad in the program THRESH, also developed at CERN. The optical
constants for use of the chambar with liquid hydrogen are given in Table
4o

6. Tho Bubbla Chombar Magnet and Its Power Supply

A bubble chamber magnet for the KEK 1 m HBC and its powor supply
have bean conatructed, As is already described, the main parts of the
bubble chamber nre supported by the supporting frame fixed on tho magnet
yoka., Figure 1 shows thn bubble chambar vapsal, the vacuum tank, the
magnot yoka and the magnat coil. The magnat coil conaists of two parts,
namely the main coil and the auxilfary eoil. The mognot gives a maximm
£i0ld of about 18.4 k@ at the canter of tlie bubbls chamber fiducinl
volumo when oxcited by the maximum currant of 6500 A. The f£iald im
parpendicular to the window-glass of thea bubbla chamber.

Thie mngnot was first constructod asm a magnet for the old 75 om
test-chambar at _ha Inatitute for Nuclear Study of the University of
Tokyo.l) where the Tonoshi-branch of KUK was housed until the end of
1973, aa montioned in mection 1. The magnet waa then tranaferrsd to the
Tsukuba-site of KEK and ham boon reconatructed at the Bubble Chamber
Building of KEK, after remodaling for better insulation between magnet
yoke and coil. Tho present dimensions of tho magnet yoka aro given in
Fig, 19.
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The magnet has a beam entrance window of 40 em width and 80 em
height and an exit window of 25 cm(W) X 50 co(H) on each sida of the
yoke. Perpandicular to tha beam direction, 8 large elliptical camera
extension window is mnda along the direction of the axis of the main
coil. Tha bubbls chamber pictures are taken through this camera extension
window, by a mat of threa view stereo-camers located outsida the magnat
yoka, This magnet has, therefora, only ona pole piecs which has the
shape of A race track of 112 cm and 92 cm in dismeters and is situated
at the rear of the bubble chamber.

The magnet yoke ia made of about 10D tons of iron SM41C, and the
pola piece 18 of jvop 8C-37. The yoke is to be divided into four main
blocks, Two blocks ot the beam direction are mounted on a concrete
base, and hold the supporting frame of the bubble chamber vacuum tank as
described in section 3. A third block at the camera extension side im
mountad on its own carrisr in ordar to mova the bhlock and codl apart
from the bubble chamber vacuum tank, At the pola piace sida a fourth
block of similsr mechanism ip also instslled. This mechaniem ia quite
useful vhﬂi repair work on the coil or detector assembling work around
the tank are J.

The magnat coil coneists of two parts, tha main coil snd tha auxil-
iary coil as mentioned pravicusly. The main coll s Purther composed ot
Bix coil-slements. FPach coil-element has the flat shape of a raca
track, The suxiliary coil conaists of two coil-slementa, which aro very
similar to tlie unes of tha main coil in their shape and dimonsiona,
fach magnet codl-element 13 wound doubly, using & pair of coppar hollow-
corduntozs ineulated from sach other, and connected electrically in
sorfies, Tha alactrical resistanca of the magnet coil amounts ta abaut
50 mr, when tne main and the auxiliary coils ara cnnnacted in sariea.
The magnee coil works ot about 333 V and the maximum power dissipated in
the coil im about 2.2 MW at tha maximum current of 6300 A. To prevent
the magnec coil From Hilng in temparature, o cooling lina of pura water
of 10 kg/enm' péniuru is provided to send cooling water to each hollew-
conductor of the coppar coil.

The cooling lina of pura water makas a closad oircuit including a
heat-exchangar and a reservoir tank af tha pure water, which is purified
through {on-oxchange vasin, Dissipated slectric power is roleased inta
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the atmosphara through the heat-exchanger and the ceoling tower for the
secondary coelant of normel water. The temperature rise of pure water
18 normally kept under approximately 50°C at the mxi‘.numiurn:nt'ct 6500
A, when the pure water line keeps tha Flow rate at about 560 £ /iin,

A 2.2 Md de powar pupply has bean reconstructed after making various
tests using the old rest power supply. A careful design waa made with a
apecial emphasis on the problem of suppressing lower order harmonic
currenta from going back to the primary ac 1ine in the thyrister rectifying
system. Tha actual detailed design and construction.work of tha powar
supply were made by the group of Hitachi Co,., Ltd.. Figura 20- shows a
‘block diagram of the power supply, The principsl circuir in.the figure
18 a twalve-phase thyristor ractifying system which ia compoasd of two
8ix phase circuits, tha star (A) lina and tha delta {4), - A coupla of de
currants rectified in each circuit, which has a phase difference of 30
degraes ench other, ars piled up through a reactance (DCL), and then fad
into the magnet coil. The dc current ia tranamitted to tha coil which
1s 50 metare distant via aluminum Faeding bus bara, since the power
supply is installsd outdoors. Powsr thyristora used in the eircuit are
Hitachd 0JO2Y. To achiave a stability of tha magnat currant of lass
than 0.1 X fluctuation during weeks of tha bubble chambar oparation, a
dc currant transformar (DCCT) {a used at oach rectifying eircuit bacaune
it ia leas affected by temperatura. This is important, because the main
parts of tha powsr aupply, including powar thyristors, are inatalled
outdoors. Amplifiera and power suppliss needed to cor..rol the DUCT,
which ars senaitiva to the murroundinga are kept in a constant temperaturas
box housod in the bubbla chamber contral room.

Tha DCCT used ia a current datactor, Dyn Amp 4CXM developad by
Hlalmor Elactronics Ine, U.8.A., Ita principle im shown in Fig. 21. A
Nall-glement is mounted on the cross cection of a aquare core. A coil
18 vound on the cora frames to cancol tho magnatic Fisld induced in tho
cors by n dec curront passing through tha center of the cors. The dc
curtent is measursd by rsading the feedback current to the canceling
coil, sp that the Hall-oplement datects no field., Tha output signal from
tha DCCT is trunafarred to an automatic pulse phase shiftar after amplification
and then to the power thyristor gaten regulating the magnatic coil
currant.
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The bubble chasher is expected to be mostly operated at tha maximum
n-‘gnlﬂc field or at s certain fixed field. The power supply for the
RER bubblae chmbu:muﬁhat has thersfora only three current ranges within
a ralatively narrow regs 1t 1n fa) 18 to design such a powur
supply so that its variable current range {s narrow, because only a
amall change in the thyrister firing angle &, which contzola the magnetic
current, can cover the region sasily with no need to switch to the
primary voltage.

The power supply is controllad to a current setting accuracy of
0.1% by a control console located in tha bubbla chambar control raom.
The pawer supply is stable encugh to keep the current constont with a
stability of leas than 0.1X drift for every 8 houra, after about half
4n hour for warming up the cdrcuit, Regulantion is also made batter than
3 X 10"' for any primary voltage change of 13% ically, pravided
that the coil resistance changd ia kept within about 10X, in any current
rangs, To check tha drift of the magnet currant, the output voltage of
the DCCT is typad out by a data log'ging syatem every one hour. For
regulation monitoring, the vuitngn daviation of the DUCT with raspect to
8 referenca voltage is continuoualy vacorded. Peak to peak current
rippla is less than 0.1%, ‘sinae a twolva phasa rocetifying system is

dopted and also b tha il has a rolatively large inductance,
astimated o ba spproxi ly 230 mH, from the magnetic fisid discribution.
The nproducib'u:lty of the currsnt setting valus and other apacificationa
of the pover supply ara listad in Tabla 5.

Because of a spacial dasign by utilising thu twolve phase thyristor
rectifying system, the powar supply is actually found to give no serious
noisa bock to tha primary ac lines, The obsarved lowar order harmonic
currents are well supprassad to values of less than 1/10n (uhere nnd, §,
75 +ue) and 1/40n (wher n=2, 4, 6, ...), rempactivaely.

Mensurements of the magnetic field-map of tha bubblo chamber have
been carried out using apecislly dosigned equipment which measures the
flald=-map automatically, with an equal spacing interval (usually 3 cm
apart in each uxis of threa-dimanaional space), covering a much widar
area than that which the fiducial volume of the chambar occupies.

To measure field valuas in threa dimandional components simulta=-
nevusly, three piaces of n Hall-alement ware used. Thase Hall measuring
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elaments wera well ntabilired in a temperatura-compensated cell, and
ware calibrated by comparing tha wzasured value with the value:.obtainsd
by the NMR-atandard field weter, at a standard magnetic fhld';‘ Measure-
ments wera mnde for aix magnet cutrent values from:2000 A up-ta the
maximum 6500 A. ‘Figure 22 ghows a typical map obtained du the run. The
complete field map will be expressed in terms of l‘pnlynoﬁul._upru-
sentation to make tha map ensy to use in the bubble chamber filw analysis
program, Nore detailed descriptions of the magnetic field measurements
and the resulcs of the run will be reported aep;nnly along with a
complate table of ths field map in terms of polynomisl expremsiona.

7. Operational Characteristioa
7-1. Operationa

Up to Jamuary, 1978, thare have bean, in total, seven operationa
wmade with the bubblc chambar. Each oparation concarned apecific items
to be tested step-by-ntep. In particular in the Fifth oparation parformed
in Pabruary, 1977, the bubbla chamber was exposed to an &ccelerator beam
in coincidence with a basm pulae for the firet time. The bubble chamber
magnet waa also operatad with full axcitation of 6500 A for the first
time {n this oporation, in cembination with othar major asaociated
facilitioa df tho chaombar. It was found in this operation that there
ware many items to bo improved. Among- athers, the bubbles forming beam
traoks did not grow large enough to moke picturam of clear tracka,
because of a saturation tendency of the dynamical pressurs drop. The
other important problem to bo solvad was that the non-uniformity of
illumination of the photopraphic pletura,

The seventh operation vas performed From December, 13977 ko Jonuary,
1978 after such itema as thome mentionad above had been impraved. The
operation was succeasful with about 500 thouasnd axpansionn during about
thron waek's oparation. About 300 thourand plotures with inuident pion
beams wera taken, All in all tho systems of tha KEK 1 m HAO worked woll
i{n this saventh operation. In this asction, we will describa oparational
gharactoristice vwhich were mostly obtalned in tha sevanth oparation.
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7-2, Temparature end pressure control of the chamber

Tha chanber was cooled down with 14quid hydrogen through the neck-
cooler cooling line. The average cooling rato was about 4 K/hr during
the whole range of cooling down. Filled hydrogen gas for the chamber
was supplied at a pressure of about 1,5 atm, through the cryogenic
purifioe, and liquafied at the neck-cooler juner-surface with a rate of
about 20 4/hr. ‘The liquid hydrogen lavel in tha chambe: wag monitored
by four level-indicators utilirzing a vapor preasure thermomater installed
along the wall of the piston cylinder and also inaide the piaton cylinder,
1t took about 110 hours from the start of coolinp to £111 the chamber
with about 450 { of liquid hydrogen up to o level juat nbove the cold
piston,

p e and pr cortro), of ‘the chamber waa succeasfully
mada using -three cooling loops 1 the neck-cooler cooling loop, piston
cylinder cooling loop and the gag-coolar loop. The heat loss due to the
bubbla chamber expansivn came mainly from the Carnot-cycla heating, the
frictional heat between the piston ring and the cylinder wall, and from
tha heat loss causaa by splashing of liquid hydrpgen. Though the piston
movement in a gradient magnetic fiald caused Joula hant due to eddy
currant, the amount of this heat was calculated to ba eo amal! as to be
naglipibla, bscause of the weak mgnetic fiald.

The Carnot-cycle heating was ta be d by the nack-cooler
and the amount of heat loas was calculated to ba about 320 W, from data
concetning the piston atraoke and the dynamlcal pressure drop. Pigura 23
shows a typicnl diagram of prassura drop and &xpansion voluma.

The idea for tedperature control of this chamber was such that the
temparature of coolant tranaferring into the neck-cooler was Eo ba kept
constant and the heat-unbalance was to be p od by the change of
flow cnte of the cootant. The big advantaga of this method is thot one
can salact the coolant tempsratura to be arbitrarily constant ns long as
it is kapt lowar than the working liquid temperatura. Tha fluctuation
af the temperature of liquid hydrogen in the 4000 2 resarvoir tank,
tharefora, liam no effoct on tha temparaturs of the caolant.

The splaihing heat loss, which was axpected to ba absorbad at the
gan-coolet, was estimatad to ba about 400 W from tha flow-rata through
the gas=cooler laop.

- 20 -



The four control valves; the PCV-3 and the TCV-1l for temperatur.
sontrol in the nack-coolar loop, the PCV-4 for presaure control in the
gas-cooler and the PCV-7 for cooling the piston cylinder, worked perFectly.
Figure 24 showa the typical records of the temperature and presiure of
the chambar under normal operation during the seventh nperation. The
records clearly gshow that the chamber can be operated quite satisfactorily
with a stability of the temperature to within 0.03 K at 25,7 K, and of
the pressura to within 0.05 ni:m at 4,35 atm.

7-3. Dynamical pressure of the chamber

A strain pauge preasure tranaducer of 20 .‘m rated pressure, made
of SUS=-316L stainless steel, was installed at “i¢ uppur part of the
chamber body to monitor dynamical preasura <he. -2 in the bubble chamber,
during one ion, The tranad signal w - tisplayed on a four-
awecp oscilloscopa, togather with a piston m v . signal, a flaeh firing
signal and a beam-in signal. The calibration r.. che strain gauge was
made by varying the static pressure of thno bubbla chamber, after Filling
the chambar with liquid hydrogen.,

Fipura 12 shows a typical record of the display of the oscilloscope.
It was found that the dynamical prassure-drop in the chamber was 3.2 atm,
which corresponds to 25 mm expansion stroka.

7=4, Data lopging for the chamber-operation

To improve the raliability of tha bubbla chamber oparation and to
save man-power in making racords of operating conditions of the chamber,

8 digital mini-computer system, the YODIC-100, was 1nnr:unedl, and operated
for tha first time in the fifth operation.

Thia YODIC-100 syatem is oquipped with 20 K worda of cora memory,
two typewriters, a high spacd tape-reader and a l4~inch color graphic
display. It has 48 analogue and 160 digital input channels and 32
digital output channels. The 36 analogua channelas ware mostly used to

' monitor temparature and pressdrd of tha chamber at various points. The
accuracy of this analogue datas was found to be 0.5 X, Soma digital
channela were connouted to a wava form analyser whick sampled tha dynamical
prassure of the chamber. Other digital channale ware used for monitoring
thd camera system and beam lina.

Bome apacial purposa routines, performing nec:issary data acquisiiion

and proceasing, wara prapared, Tha analogue data was gathered onca
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in every ten seconds. The last ten data Erom all channels wera atored
80 as to display the general trend of the data, when necessary. The
digital datas was taken once in every two seconds, synchronirzed with the
{on of the chamber. Alarming units were also furnished in the

system to give notice to operators whenever necessary.

A graphic display which showed two kinds of histograms one for
analogue data and one for tha beam line, was used at the operation. The
system wo8 completed and the apparatus worked reliably.

8., Cnuclusions

The construction of the KEK 1 m HBC is now complated and it is
ready for stationary use with various inzidant particles from the KEK 12
GeV Proton Bynchrotron. In the seventh oparution, s beam expusure
aperimant was made by using I beams of 6 GaV/e, Erom a target on which
a fast-axtracted proton baam of 8 GaV was incident. Figurs 25 shows a
typical picture of the 6.0 GaV/e T p interactions that occurred in the
chamber . '

As far as the overall parformance of tha KEK 1 m HBC aystem ia
concarnad, each apparatus of the system is functioning well, Tho basic
operational chnnu:ar!nuclh of the cooling system using tha PCV=4 pressure
and the PCV-3 and TCV~1 temperature control valvas are now woll sstablished.
This achievement enablas us to carry out a stationary beam exposure run
with stable operating conditions in tha bubble chamber. The magnet and
its 2 MW power supply are working beautifully without any problema of
lower order harmonic currenta feading back to the primary ao line. Tha
magnatic field stability is also satisfactory, although the ficld map 1=
not flat b of tha a of the magnat-yoa and one pole-piecs.
This may give soma problem to a film analysis program such as the THRESH-
GRIND system in tracing particla momenta along their tracks.

Thera ora, howavar, many items yat to ba {mproved. Among others
tha quality of the photographic picture of the chambar is one of the
most important points. In particular, tha Scotchlita Light reflector
began to brosk down nfter about 200 thousand expansions, olthough most
pictures taken wera availabla for anzlysis by using the KAMA-aystem, the
KEK Automatic Pilm Measuring Apparatus. The method of sticking the
Scotchlita op the innor surface of ths chombar 4s undar various trials.
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A test run has been made for a double pulase operation of the KEK 1
m HBC during one flat-top beam pulse. It is neceasary to make further
detailed investigations of the dynmamical charactecistics for the double
pulse operation. Thera are alao various efforta being mande to make a
hybrid trigger facility for thia bubble chamber aystem.
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Table 1. Principal parameters for the KEK 1 m HBC.

Material
Expansion volume
Visible volume
Chamwber diameter
Chamber depth

Viewing window glass’

Vacuum system

Cooling system

Modified CR-20 (3.8 Z Mn stainless steel)
430 7 N

280 ¢

90 cm at front side and 105 cm at rear side
38 cm

BK-7 optical glass with refractive index
of 1.516 and with a dimension of 100 cm
rear side diameter, 92 cm front side
diameter and 14.5 cm thickness

14 dinch diffusion pump followed by two
Totary pumps

Three cooling loops : a meck-cooler loop,
a pisron cylinder loop and a gas-cooler
loop
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Table 2. Principal parameters of the hydraulic
expansion system of the KEK 1 m HBC.

Parameter

Value

Expanded 1iquid volume

Piston diameter (A)

Maximum stroke (1.8 Z expansion)
Stroke for 1 % expansion
Chamber spring constant (l(s)
Reciprocating mass (M)

Force required for 1 Z expansion
Maximum piston velocity

Maximum piston acceleratiom
Chamber cycle time

011 pressure

Flow rate of oil

Rffective area of bydraulie actuvator (S)

430 £

450 mm

50 wm

27 mwm
1570 kg/cm
130 kg

12 ton
4m/sec

70 G

35 msec

210 kg/t:m2
300 ¢/min
70 em?




Table 3. Principal characteristics of the designed lens.

Parameter Value
Focal length 54.95 wm
Field angle 60 degrees
Ratio of aperture F/8
Magnification 1/27
Overall diameter 47 mm
Overall length 82 om
Entrance pupil 20.196 mm
Bdt pupil 22.742 am
Entrance nodal point 20.296 mn
Exit noda) point 22.739 wn
Distance between two above nodal points 25.782 mm
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Table 4. Optical Constanta of the KEK 1 m HBC

CAMERA-Block

CAMERA 1
CAMERA 2
CAMERA 3

MEDIA-Block
4

MEDIUM 1
MEDIUM 2
MEDIUM 3
MEDIUH 4
MEDIUM S

REFER-Block
18

X y
-19.946 -28.898
-19.824 28.310

37.337 -0.463

index
1.000
1.459
1.000
1.516
1.095

VIEW 1

X
5.119
3
-10.475
20.808
52.223
5.142
36.449

v T
&
v
~
~

-

0.145
16.861
33.604

-18.668
52.353
-18.770
52.112
-0.149
16.470
33.150
B1l 16.635

ot Y
VENGOUVPFWNE DUOUNOLWLN

o
=
1S

COREC-Block

y
57.025
57.095

z
143.328
143.284
143.406

thickness
4.562
3.006
121.240
14.521
37.964

VIEW 2
x y

5.033 -2.830
36.331 -2.833

30.840 -10.602 -28.876

30.853
30.915
4.764
4,763

54.224
54.156
54.145

20.674 -28.893
52.079 -28.966

5.030 -55.056
36.420 -55.136

0.049 6.320
16.6854 6,241
33.357 6.167

37.575 -18.727 -10.189

37.334

52.131 -10.600

12.550 -18.901 -35.196

12.229
=%.175
—4.275
~4.348
24.845

COR 1
LENS 1 0.0004
LENS 2 0.0006
LENS 3 -0.0007

52.086 -35.701
-0.254 =52.035
16.432 -52.145
33.176 -52.297
16.529 -22.840

VIEW 3

=
-54.814
-23.379
-70.595
~39.035

=7.714
~54.804
~23.376

-47.849
<31.045
-14.360
-66.858

4.299
-66.983

4.173
—-48.110
-31.335
-14.648
-31.140

COR 2 COR 3

-~0.0002 0.
—-0.0003 0.
-0.0011 0.

0019
0023
0003

y
27.298
27.223

1.159
1.154
1.145
-24.986
-24.931

30.464
30.298
30.182
13.890
13.420
-11.234
-11,520
-28.002
-28.028
-28.071
1.142
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Table 5. Electrical characteristics of the power supply.

Input power supply
Voltage

Phases

Frequency

Voltage fluctuation

Output
dc current control

Max. output voltage
Current drift
Regulation

Ripple factor
Current setting precision
Current getting time

Reproducibility of

current value

ac 6600 V
3

50 Hz

+ 3 % daily

(1) 15003000 &

(2) 5000-5500 A

(3) 6000-6500 A

dc 335V

Less than 1.0X10™>/8hr
Less than 5!10_4 for + 3 2
line changes and 10 ¥ load
change

Less than 1.0X107>

Less than 1.0X10™

Max. 10 A/sec at any current
Tanges

Less than 5X0° for start-
stop operation
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Fig. 1 Brief sketch of a plan view of the KEK 1 m HBC facility and
its building. (A) and (B) storage bottles of high pressure hydrogen
gas, (C) reservoir tank of liquid nitrogen, (D) holder of low pressure
hydrogen gas, (E) holder of low pressure deuterium gas, (F) hydrogen gas
compressors, (G) deaterium gas compressor, (H) hydrogen gas purifiers,
(1) hydrogen liquefier, (J) 4000 § liquid hydrogen reservoir tank, (K)
1000 § 1iquid deuterium reservoir tank, (L) bubble chamber, (M) 2 MW
bubble chamber magnet, (N) three view stereo camera, (0) hydraulic power
supply, (P) control room, (Q) beam chamnel, (R) electric power supply
for 2 MW magnet, (S) cooling stage for 2 MW magumet.



Y

o

Ty vy e

D
y
—A
V
1

Vh‘ (3

)
1 03] i

e
x
N

Fig., 2. Schematic flow diagram of the cryogenic system of the KEK 1 m HBC.

(1)~(10) : Facilities for liquefying hydrogen gas and for cooling the bubble chamber. (1) storage
bottles of high pressure hydrogen gas, (2) holder of low pressure hydrogen gas, (3) hydrogen gas
compressors, (4) oil separator, (5) oil adsorbers, (6) dryers, (7) cryogenic purifiers, (8) hydrogen
liquefier, (9) 4000  reservoir tank, (10) cooling loops of bubble chamber. (11)-(14) : Facilities
for charging hydrogen gas to the bubble chamber. (11) storage bottles of high pressure hydogen gas,
(12) cryogenic purifier, (13) emergent ventilator, (14) bubble chamber,
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Fig. 3. Cross-sectional view of the bubble chamber, the vacuum tank, the magnet yoke, the magnet
coil, the expangion system and the camera system. (1) chamber body, (2) neck cooler, (3) gas cooler,
(4) vacuum tank, (5) cold piston, (6) viewing window, (7) camera extension shield, (8) cold valve,
(9) main coil, (10) auxiliary coil, (11) magnet yoke, (12) carrier for front block of yoke, (13)
carrier for rear .block of yoke, (14) cameras and its panel, (15) movable stage for camera panel,

(16) stage, (17) actuator of hydraulic expander, (18) servo valves.
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Fig. 4. Cross section of the Inflatable gasket for making vacuum seal
between the viewing window glass and the bubble chamber vessel. (1)
inflatable gasket, (2). pressure inlet line, (4) indium seal, (5) Teflon
protection ring, (6) indium protection ring, (7) chamber body, (8) Ti-
window frame, (9) viewing window glass.
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Fig. 5. = Cross section of the cold valve used at the bottom of the
bubble chamber body. (1) pressure inlet to open valve, (2) pressure
inlet to close valve, (3) tungsten carbide plug, (4) indiom seal, (5)
main dump coupling flange.

—34-



LHz. . : }

T e %

[ it NE

. it

o B gé
L-H>z—

%% / 7

405

Fig. 6. Cross section of the neck-cooler cylinder. (1) pre-cooling

line, (2) cooling line, (3) copper fim, (4) guard vacuum groove, -(5)
indium seal.
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Fig. 7. A photographic picture of the 1 m bubble chamber vessel,

wrapped with superinsulator sheets.
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Fig. 8 Schematic diagram of the cooling loops of the bubble chamber.
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Fig. 9. A schematic diagram of the hydraulic expansion system.
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Fig. 12. A ctypical picrture of the display of the four-sweep oscilloscope.

(a) piston stroke (12.5 mm/div.), (b) strain gauge output expressing
dynamical pressure drop in bubble chamber (1.4 atm/div.), (c¢) flash
timing, (d) beam-in timing. Time scale is 5 msec/div..
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Fig. 13. Window glass.
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Fig. 15. Design values of the distortion, the chromatic aberration,

the spherical aberration and the astigmatism.
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Fig. 16. Design response function for F/11 when the ratio of spectra
1s as following, dig:c = 1:1:1. The measured response function agreed
well with design values,
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Fig, 17. A film format of the photographic picture of the KEK 1 m HBC.




Window Glass(BK-7)
No=151626

Ay ° T
(;I ve S ¥
Glass Fiducials M T .'r.
g :
Q o LY
. il !
@ V3 ‘
Optical Glass//Disk oc| é ’f l
Np=,4585 _-i-__g 2
Pupil ° &
» 3 ~*____L

1212 > vi o

30 —>i+he22.2 I _._J

AR

@® Camera Positions
x  Front Flducial Marks on the Glass.
+ Baock Fiducial Marks on the Scotchliite.

Fig. 18, Typical dimension of the optical system.
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Fig. 19. A simplified figure of the magnet yoke showing principal
dimensions of the yoke, Nombers in the figure are in mm.
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Fig. 20. A block diagram of the 2 MW magnet power supply with twelve

phase rectifying system.
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Fig. 21. A schematie drawing of a dc current transformer, illustrating

1its basic principle.
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Fig. 23. A typical diagram for the pressure-drop and expansico-
volume in the Carnot cycle due to bubble chamber expansion.
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A picture showing typical records of the bubble chamber operating

Fig. 24.

recorded

temperature and pressure under the normal operational condition,

on the chart during the seventh operatfon of the KEX 1 m HBC.
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Fig. 25. A typical picture of the 6.0 GeV/c ®p interactions.
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