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Abstract

A liquid 3He target system, with remote instrumentation and handling

capabilities, has been developed for experiments using the 180-525 MeV

TRIUMF cyclotron. 3He gas is liquified, by means of a ''He cryostat,

into a cylindrical target cell (4.4 cm diameter, 1.6 cm thick) and

maintained during operation at~1.6 K. This provides an ayeal target

density of~2.7 x I022 He-3 nuclei/cm2 (128 mg/cm2), suitable for inter-

mediate energy proton scattering.
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Introduction

Recently, there have been considerable advances made in the theory

for nuclear interactions at intermediate energies, particularly for

few-nucleon systems [I]. This has stimulated interest in experiments

studying the scattering of nucleons from very light nuclei. However,

most of the research has been carried out using 2H and ''He targets.

Scattering from 3He has not been studied as extensively and there is a

scarcity of analyzing power data for 3He [ref. 2].

In order to study the scattering of intermediate energy protons from
3He, a liquid 3He target system has been developed for use at the 180-

525 MeV TRIUMF cyclotron. The thickness of the target cell currently

used is approximately 128 mg/cm2; thus the energy loss in the target for

a 200 MeV proton is less than 600 keV and the multiple scattering angle

is less than 1.6 rorad. However, target cells can be interchanged as re-

quired by experiment.

Experiments to measure the differential cross sections and analyzing

powers of protons elastically scattered from 3He have begun. As well,

proton-induced reactions are being studied using this new target system.

Target System Design

A schematic representation of the cryostat is shown in fig. 1. Ex-

cept where explicitly stated otherwise, stainless steel was used for the

construction of the cryostat. This material Is generally used for its

low thermal conductivity, ease of machining, and mechanical properties

which permitted the fabrication of thin walls.

There are four principal sections which make up the cryostat. They

are (with their operating temperatures): a liquid nitrogen jacket (77 K),

the liquid helium reservoir (4.2 K), the pumped liquid helium bath

(~l.6 K), and the liquid 3He target cell with condensing lines (~l.6 K).

These vessels are nested one within the other so that the outer vessels

provide thermal insulation for the cooler, inner ones.

All four components are housed within the main body of the cryostat

and the surrounding volume is evacuated. There are two vacuum systems
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pumping on the cryostat. One system operates on the region between the

main body of the cryostat, the; liquid nitrogen jacket, and the liquid

helium reservoir. This is referred to as VACI. The other system, VAC2,

pumps directly on the volume surrounding the pumped liquid helium bath

and the liquid 3He target cell. The two vacuum systems are not com-

pletely independent but are coupled through the foils on the *t K radia-

tion shields which are not absolutely vacuum tight. The VAC2 vacuum

system allows recovering most of the 3He In case of rupture of the foils

covering the liquid 3He target cell. Most connections within the cryo-

stat have been welded except those which need to be removable in which

case Indium seals have been used. A tail section, with Kapton* covered

windows (0.0075 cm thick), is mounted at the bottom of the main body of

the cryostat Isolating the high vacuum of the cryostat from the rough

pressure of the scattering chamber. A ZnS screen is attached to the

bottom of the tail section for use in focusing and steering the beam

during set-up of an experiment.

The liquid nitrogen jacket (23.7 cm i.d., 29.7 cm o.d.) can hold

~I8 I. It is suspended from the top flange of the cryostat by three

thin-walled (0.05 cm) stainless steel tubes which also serve as fill and

blowoff lines. Three copper strips are connected between the top of the

liquid nitrogen jacket and a copper radiation shield attached to the

central tube of the cryostat. Tubes passing through this shield are

attached by copper braids to the shield. An aluminum radiation shield

is connected to the bottom of the liquid nitrogen jacket and extends

down to enclose the regions of the pumped liquid helium bath and the

liquid 3He target cell. This shield is designed with windows to permit

particles to Impinge on and scatter from the target or dummy cell. To

help maintain the liquid nitrogen jacket and connected radiation shields

at a uniform temperature (77 *0, there is a thin skin of aluminum

(0.175 cm) along the Inner surface of the jacket. Covering the liquid

nitrogen Jacket and radiation shields are several layers of aluminized

mylar superinsulatlon. Thus the inner vessels are protected from

thermal radiation arising from the main body of the cryostat, and

*E.I. du Pont de Nemours and Co., Inc., Clrclevlile, Ohio 43113, USA.



connections to the inner vessels are thermally anchored to the 77 K

liquid nitrogen jacket.

The liquid helium reservoir contains ~I5 * when full and supplies

the pumped helium bath with liquid helium. It also serves to cool the

tubes and connections leading to the pumped helium bath and 3He target

cell. It is supported by three thin-walled tubes from the top flange of

the cryostat. These tubes each have different functions. One of the

tubes is used when transferring Iiquid helium into the reservoir. When

not transfering liquid helium, a level sensor* is inserted through this

tube to monitor the level in the reservoir. Another of the three sup-

port tubes Is used to house a thin-walled rod which connects a needle

valve at the bottom of the liquid helium reservoir to a motor drive on

the outside of the cryostat. The needle valve accurately regulates the

flow of liquid helium between the reservoir and the pumped liquid helium

bath. This second tube is also used as a blowoff line during transfer

of liquid helium. The third tube passes through the helium reservoir

into the volume surrounding the pumped bath and the 3He target cell.

This is used to pump VAC2. The wiring for the temperature and pressure

monitors of the pumped bath and the 3He target cell are also passed

along this tube to the top of the cryostat. A copper radiation shield,

with windows, is attached to the bottom of the liquid helium reservoir.

The radiation shield surrounds the pumped liquid helium bath and the

liquid 3He target and dummy cells. Once more several layers of alumi-

nized mylar are used to improve the reflectivity of the outer surfaces.

The liquid helium reservoir and radiation shield insulate the pumped

liquid helium bath and liquid 3He target cell from thermal radiation

arising from the liquid nitrogen jacket.

The pumped liquid helium bath hangs at the end of the central tube

of the cryostat and is pumped through this tube (1.7 cm i.d.). By re-

ducing the vapour pressure above the liquid helium, the boiling point Is

lowered, and temperatures of ~I.O K can be obtained. At these tempera-

tures liquid helium is superflutd and the knife edges at the connection

"Oxford Instruments, Oxford, England 0X2 00X.
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to the central tube arB necessary to prevent superfluld film flow out of

the container. The pumped liquid helium bath is connected to the needle

valve in the liquid helium reservoir by a small tube (0.2 cm i.d.),

through which liquid helium passes slowly to maintain a constant level

of liquid helium in the pumped bath. The level Is monitored by means of

a string of seven resistors suspended Inside the pumped bath. The re-

sistances of the resistors change by approximately 10% when they are

below the surface of the liquid helium (a small current must be passed

through to boll off any film of liquid on resistors which are above the

surface). The volume of the pumped liquid helium bath is ~1.7 &.

A copper bracket, soldered to the bottom of the pumped liquid helium

bath, is used to hold the liquid 3He target cell. Temperatures of ~1 K

have been obtained but the system Is usually operated at ~1.6 K. The

cell aperture Is k.k cm in diameter; thickness is 1.6 cm. This corre-

sponds to an area I target density of~2.7 * 1022 3He nuclei/cm2 at

~l.6 K. Thin nickel foils (0.0025 cm) are soldered to the cell as win-

dows. Two small tubes (0.2 cm I.d.) enter the cell (one at the top of

the cell, the other at the bottom) and connect the cell to the liquid
3He condensing coils In the pumped liquid helium bath. Both tubes are

also connected to tubes which run up through the pumped bath, through

the liquid helium reservoir, and out of the cryostat. These are the

feed and return lines for the 3He gas.

Attached to the bottom of the liquid 3He target cell Is an Identical

dummy cell. This cell is used during an experiment to measure back-

ground effects due to the nickel windows, thus allowing background sub-

tractions to be made. The window coverings of the radiation shields and

tall section do not contribute to the background but corrections for

multiple scattering and energy loss due to these must be made.

Mounted on the top flange of the cryostat Is a large aluminum plate

to which the plumbing and electrical fittings necessary for the cryostat

operation are attached (fig. 2). These belong to the two vacuum systems,

the 3He gas handling apparatus, the pumped helium bath, the motor drive

for the needle valve, and various monitoring Instruments. This arrange-

ment permits easy handling of the cryostat as a single unit requiring
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only connections to external roughing pumps and to the control cabinets.

Electrical solenoid valves are used on the two vacuum systems, VAC1

and VAC2, so that they can be operated remotely. This also permits

interlocks to be set on the pressure gauges to safeguard the cryostat

from vacuum or power failures. The jHe gas handling apparatus •••orsisfcs

of two 20 I storage vessels and a hermetically sealed pump*. This pump

is used to pump the 3He gas out of the target cell and condensing coils

Into the storage volumes. They are also used as a volume Into which

the 3He gas can expand should the target cell warm up quickly. The 3He

gas can be pumped through a liquid nitrogen cold trap filled with

zeolite** to remove impurities.

The entire cryogenic system Is fitted into a hydraulic positioning

mechanism (fig. 3) used to raise, lower, and rotate the cryostat so that

either the liquid 3He target, the dummy target, or a phosphorescent

screen is positioned In the beam with the desired orientation. The po-

sitioning mechanism Is similar to the one described earlier for use with

a liquid ''He target system [3]. Sliding 0-rlng seals allow the cryostat

to move freely without disrupting the vacuum of the scattering chamber.

A steel guide along the outside of the cryostat allows the cryostat to

be moved up or down without altering the angle. The top and bottom po-

sition are determined by the limits on the motion of the lifting mecha-

nism, and an electrically operated solenoid valve can insert a stop for

the middle position. The entire operation of the positioning mechanism

is remotely controlled. Light-sensitive diodes are used to indicate the

position of the target and a multi-turn resistor connected to a gear on

the side of the cryostat gives the angle of rotation.

Instrumentation

With the exception of refilling the liquid nitrogen jacket and

liquid helium reservoir, the cryostat is self regulating (fig. 2 ) . The

vacuum is measured by thermocouple*-* and high vacuum ionization

-Alcatel, Division of Citcom Systems, Inc., Wingham, Mass. 020^3, USA.
**Union Carbide Corp., New York, New York 10017, USA.
***Varian, lexington, Massachusetts 02173. USA.
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gauges* wtth interlocks and alarms should the vacuum exceed set levels.

The level of liquid helium in the reservoir is measured with a super-

conducting wire. An alarm will sound should the level decrease below

1 4. The vapour pressure in the pumped liquid helium bath is measured

by a thermocouple gauge. If the pressure of the pumped bath departs

from a set range, the Slo-Syn** motor attached to the needle valve will

open or close the valve. This causes more or less liquid helium to flow

into the pumped liquid helium bath thus warming the bath or allowing It

to become colder. Two solid state pressure transducers*-* connected to

the feed and return lines of the 3He gas system serve as temperature

indicators and can similarly be used to regulate the operation of the

needle valve. The position of the needle valve is given by a multi-turn

resistive potentiometer on the shaft of the needle valve rod. The Sio-

Syn stepping motor controller has variable speeds for separately opening

and closing. This is useful as one would often want the closing re-

sponse to be quick while the opening time can be more gradual to avoid

excessive temperature excursions of the liquid 3He. Two germanium

resistors* are mounted on the outside of the liquid 3He target cell.

One resistor is near the top of the cell while the other is at the bot-

tom. These give accurate measurements of the temperature of the target

cell necessary to determine the density of the liquid 3He In the cell.

There are two control cabinets containing similar sets of Instrumen-

tation for the liquid 3He target system. One cabinet is located near

the target system for use during set up and the periodic refills. The

other control cabinet stays in the data acquisition area so that the

status of the cryostat can be observed and operational changes can be

introduced remotely. The remote set of Instrumentation includes a

mult I-function chart recorder so that various parameters, such as tem-

peratures and vapour pressures, can be recorded during the experiment.

*Granvilie-Phi Mips Co., Boulder, Colorado 80303, USA.
**Superior Electric Co., Bristol, Connecticut 06010, USA.

***National Sen!conductor Corp., Sunnyvale, California 94086, USA.
tLakeshore Cryogenics Inc., Westervllle, Ohio 43081, USA.
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Operation

For the start-up of the target system, the two vacuum systems, VAC)

and VAC2, are pumped to less than 1 x 10"3 Pa. The 3He ga>.> lines and

target cell, liquid he I turn reservoir, and pumped liquid hel <im bath are

also evacuated. The liquid helium reservoir and pumped bath are vented

with dry nitrogen gas and precooted with liquid nitrogen. The liquid

nitrogen jacket is filled at this time as well. After introducing

liquid nitrogen to the system, the ionization gauges indicate the vacuum

to be better than J * I0"*4 Pa.

After thermal equilibrium has been reached M 5 h ) , the liquid nitro-

gen is blown out of the helium reservoir and pumped bath. These two

volumes are flushed several times with high purity helium gas and pumped

out to ensure all the liquid nitrogen has been removed. Then transfer

of liquid helium commences, first into the pumped liquid helium bath

(until the target cell temperature Indicates ~I0 K) and then into the

liquid helium reservoir. The first transfer usually takes ~ 2 h and re-

quires ~50 I of liquid helium.

Once equilibrium is reached at a temperature of~4.2 K, the pumping

of the helium bath can start. This is done slowly to avoid excessive

boiling of the liquid helium. During this operation, the needle valve

!s opened slightly In order to replace liquid helium. At~1.6 K the

system is stable and self-regulating.

3He gas is slowly introduced into the condensing colts and target

cell and its liqulfteat Ion can be followed by observing the pressure in

the 3He gas lines. The vapour pressure of 3He at 1.6 K is~8.8 kPa.

Filling the target cell and condensing colls requires~22 1 of 3He gas

at STP.

Once a day the liquid nitrogen jacket is refilled and more liquid

helium is transferred into the helium reservoir. This maintenance takes

~0.5 h and does not affect the operation of the target. Liquid helium

consumption (Including loss of liquid during transfer) is typically

25 A/day.



Conclusion '*

To date, the target system has been used successfully for more than

k weeks of experiments at TRIUMF, in which the 3He(p,p)3He and
3He(p,2p)pn reactions were studied. In these experiments beam currents

of up to 10 nA were used, with the cryostat able to maintain the liquid
3He at 1.6 K. Tests showed that the liquid 3He target could handle a

20 mW dissipation without losing stable running conditions.

This work was supported in part by the Natural Sciences and Engi-

neering Research Council of Canada.
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Figure captions

1. Schematic diagram of liquid 3He cryostat. A - copper radiation

shields, B - aHe gas return line, C - liquid helium reservoir,

D - needle valve, E - condensing coils, F - liquid 3He target cell,

G - cryostat tail section, K - dummy cell, I - phophorescent screen,

J - 77 K radiation shield, K - ^ K radiation shield, L - pumped

liquid helium bath, M - 3He gas feed line, N - liquid nitrogen

jacket.

2. Schematic diagram of vacuum and 3He gas handling system.

SV - solenoid valve, OP - diffusion pump, V - valve, G - gauge,

ST - storage tank, LN2 - liquid nitrogen cold trap, TC - thermocouple

gauge, T - pressure transducer, IG - high vacuum ionization gauge,

S - safety valve.

3. Liquid 3He target positioning mechanism. A - liquid 3He cryostat,

B - rotation motor drive, C - gear and chain assembly, 0 - water-oil

emulsion fill line, E - beam vacuum, F - median plane of beam,

G - scattering chamber, H - sliding 0-ring seals, I - gear retaining

roller, J - middle position solenoid.
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