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Abstract

A liquid-4He target system with a small refrigerator has

been developed for the first time to study y4He reactions at

intermediate energies. The density of the target is controlled

within an accuracy of 3 %. The target system has been operated

successfully for more than 1,000 hours of the experiment using

the Jt-sr TAGX spectrometer at the 1.3-GeV Tokyo electron

synchrotron.
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1. Introduction

Recently, there have been considerable advance in

experiments studying the mechanism of photon absorption on few

nucleon systems [1]. Furthermore, the study on the reaction

mechanism of the photodisintegration of 4He is quite suitable to

clarify nucleon-nucleon correlation at short distance in the

nucleus, because we can deal with all particle: in the final slate

more easily than for heavier nuclei. In order to study f*He

reactions at intermediate energies, a large solid-angle magnetic

spectrometer, TAGX. has been developed at the 1.3-GeV electron

synchrotron. Institute for Nuclear Study (INS), University of

Tokyo.

Various types of liquid-4He targets have been developed for

experiments using the particle accelerators. At INS, the target

system of Whalin-Reitz type [2J, into which liquid 4He is

transferred from a Dewar vessel, has been used for experiments

[3,4]. The target assembly of this existing system consists of a

thin-walled target cell and a liquid-4He reservoir which is

connected to the cell with a tube. This assembly is set in an

evacuated chamber and is surrounded by a radiation shield of

liquid-nitrogen temperature. The evaporation rate of liquid 4 He

from the 3.6 liter reservoir is about 0.5 liter per hour. Therefore

it is necessary to transfer liquid 4He every six hours from a Dewar

vessel to the reservoir. During this period of transfer, the

experimental data-taking has been interrupted for about one

hour.
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To be more efficient for experiments with TAGX, we have

constructed a liquid-4He target system which has the following

characteristic features: (1) Refrigeration is performed by a

mechanical refrigerator built in the target system. (2) Automatic

operation is possible for an experimental period of 2-3 months.

(3) For assembling into the TACX spectrometer, the target system

is compact .

Figure 1 is a photograph of the completed new target system

which is mounted on the TACX spectrometer. In this paper, the

details of construction, operation and performance of the ta:^et

system are described.

2. Structure of Target

A schematic diagram of the target system is shown in Fig. 2.

It is composed of a cryostat and a refrigerator. At the top of the

target system a mechanical refrigerator SRJ803 [*] is mounted.

The refrigerator consists of three stages of heat exchangers, two

stages of Gifford-McMahon refrigerators (G-M refrigerator), two

filters and a Joule-Thomson valve (J-T valve). The compressed
4He gas from a compressor is cooled down to below 20 K with the

G-M refrigerator, and then it is expanded adiabatically through

the J-T valve to be cooled to 4 K. The refrigeration power of 3 W

at 4.3 K can be extracted from the cold head. This refrigeration

power is sufficient for the condensation of *He gas to maintain

*) Manufactured by Sumitomo Heavy Industries, LTD, Tanashi,
Tokyo, Japan.
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liquid 4Hs of 2.6 liter in the target assembly. The refrigerator is

designed to work continuously for 5,000 hour without

maintenance.

The cryostat consists of a target ceil, a condenser, a radiation

shield, a liquid-nitrogen reservoir and a vacuum chamber as

shown Fig. 3. The vacuum chamber is made from stainless-steel

and honeycomb sandwich structure [3]. A long vacuum pipe is

necessary to insert the cryostat into a gap of the TAGX magnet

through a hole (10.6 cm in diameter) in the magnet-yoke (Fig. 2).

The condenser to store liquid 4He is made from stainless-

steel. The target cell is connected to the condenser with a

stainless-steel pipe of 11.3 mm of inner diameter. As illustrated

in Fig. 3, the target cell has two caps made from stainless-steel

and a body of Mylar film (12S urn) and it is surrounded by A! foil

(25 (im) radiation shield which contacts to the liquid-nitrogen

reservoir. The condenser and the connecting pipe are surrounded

by the radiation shield. All cold parts are wrapped carefully with

superinsulation. Then the whole assembly is housed in the

vacuum chamber, and it is evacuated down to 10"5 Torr.
4Hc gas from a bottle at a room temperature is cooled down

to 77 K by passing through the liquid-nitrogen reservoir which

works also for the radiation shield. Then the 4He gas enters into

the condenser, in which the cold head of the refrigerator is

inserted to liquefy the 4He gas. The liquid in the condenser drops

into the target cell which is 114 cm below the condenser.

To maintain the density of liquid 4Hc in the target to be

constant, variation of its temperature must be controlled within
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0.1 K. The temperature control system consists of a Pt-Co alloy as

a temperature sensor set inside the refrigerator and a heater

attached to the refrigerator. The heater is turned on and off with

a signal from the sensor. The temperatures at the target, the

condenser and the cold head of refrigerator are measured with Pt-

Co alloys. The levels of liquid 4He is measured with carbon

resistors (AUen-Bradly 200 Q) placed in three positions, the top of

the target cell, and the bottom and the top of condenser. To

measure the levels of the liquid nitrogen in the radiation shield,

three Cu-Constantan thermocouples are set on the target shield,

the bottom and the middle of nitrogen reservoir.

3. Operation

Prior to the operation of the target system, the vacuum

system is pumped to a pressure level of less than 1 x 1(H Torr.

The 4He gas lines, the condenser and the target cell are also

evacuated, and then the 4He gas is supplied at the pressure of 1.1

kg/cm2. The liquid-nitrogen reservoir is filled at this stage. This

supply of liquid nitrogen to the system makes the pressure of the

system better than ! x 10-5 Torr.

In the next step, the refrigerator is turned on to cool down

the 4He gas. The optimum cooling power of the refrigerator

depends on the temperature of 4He gas. During the process of

cooling down, the J-T valve is manually adjusted according to the

temperature of the gas.

A typical cooling process of the target system is shown in
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Fig. 4 as variations of temperatures and liquid levels of the target

cell and the condenser . To cool the target system down to 4.3 K

from 300 K, it takes about 11 hours. The target cell is cooled

down to 4.3 K with the liquid 4He dropped from the condenser.

The target cell is filled up about 13 hours after the start of

operation. The liquid-4He level in the condenser increases

gradually to the maximum in 17 hours.

The condensation rate of 4He gas depends on the rate of gas

flow through (he J-T valve, as shown in Fig. S. When the target

cell and the condenser are filled with liquid 4He, the gas inlet is

closed to make a closed circuit of 4He, and the refrigeration power

is throttled with the J-T valve. In the equilibrium state, the

density of liquid 4He depends on the 4He vapor pressure and

consequently on the temperature [5], as shown in Fig. 6. After the

system is reached the equilibrium state, the system is kept at the

temperature of 4.3 K and at the pressure of I.I kg/cm2-.

In the experiment, the temperatures of various parts in the

target system, the pressure, and the level of the liquid are

continuously recorded and monitored in the electronics hut. The

liquid nitrogen for the radiation shield is transferred from the

Dewar once a day. No special care except (he nitrogen-transfer has

been necessary to maintain the target throughout the experiment.

4. Performance

In older to estimate the heat inflow into the target system,

the evaporation rate of liquid 4He was obtained by measuring the



amount of outgoing gas flow after the refrigerator was stopped.

The obtained rate is 0.11 liter/hour, which can be explained by

the heat inflow due to radiation and thermal conduction, and this

value is within the maximum refrigeration power.

In the equilibrium state, the density of liquid 4He depends

on its vapor pressure and consequently on the temperature [5], as

shown in Fig. 6. Since we have controlled the temperature within

0.1 K at around 4.3 K and the pressure within O.I kg/cm2 at

around '.1 kg/cm2- the density of the liquid 4He can be

determined with an accuracy of less than 3 %.

The target has been used for a coincidence experiment to

measure proton and neutron in the final state. Data accumulation

has been continued for more than 1000 hours with no trouble

about the liquid-4He target. TAGX has a hermetic layout of

detectors around the target, this trouble-free operation was very

helpful for efficient data taking. In this experiment, the

interaction point can be determined by tracking two or more

charged particles. A distribution of the interaction point is shown

in Fig. 7.

In summary, a liquid-4He target system with a small

refrigerator has been constructed successfully. The target system

has been operated for experiments of the Y * H « reactions in a

period of more than 1,000 hours. With this maintenance-free

target system, a great deal of running time has been saved.
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Figure Captions

Fig. 1 The liquid-4He target system is mounted on the

magnet-yoke of TAGX.

Fig. 2 Schematic view of the Hquid-4He target system.

Fig. 3 The layout of the liquid-nitrogen radiation shield, the

liquid-4He condenser ard the target cell assembled in

the vacuum jacket.

Fig. 4 A typical cooling process of the target system. Left

scale gives the voltage drop in the carbon resistors to

measure the liquid-''He levels in the target cell and the

condenser. Right scale is for temperatures in the target

cell and the condenser.

Fig. S The liquefaction rate of 4He as a function of the gas

flow through the J-T valve.

Fig. 6 The density of liquid 4He as a function of temperature,

and the relation between the 4He vapor pressure and

the temperature.

Fig. 7 Vertices of n~pX events are reconstructed in the

horizontal plane including the beam. They are

distributed in an area of the target cell of 5 cm in

diameter.
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