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Abstract

This article describes the design and working principle of a 3-cell liquid hydrogen
target produced for the high-energy deuteron polarimeter HYPOM. This target
uses liquid Helium as a cooling agent. After a general description of the appa-
ratus, tests and operating modes are thoroughly explained. In particular the air
controlled self regulation of Helium flow in the cryostat to stabilize the liquid
hydrogen level is presented. Tho main foaturo of thio target is lllti siinplkily
xii the design ac woll ao itc safeaess towards any incident. Result J of coolkrg
efownrftiifflg up of tho taro
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1 Introduction

The availability of polarized high intensity beams has made possible the study of polarization
phenomena in intermediate energy nuclear physics. The measurement of the secondary
particles polarization provides important informations about the structure of interacting
particles and it can be very selective on the reaction mechanisms and on the nature of the
interaction. As an example the measurement of the spin flip probability has shown to be a
very powerful tool to identify spin resonances in proton and deuteron inelastic scattering on
nuclei in the continuum, up to large excitation energy [1].

The basic principle of an extended polarimeter is the measurement of the azymuthal
asymmetry in a secondary scattering which has large cross section and analyzing powers.
The inclusive scattering on a carbon target is usually considered as a good reaction for
polarimetry. At Saturne it has been shown that a polarimeter based on such reaction has a
good figure of merit for protons up to 3 GeV [2. 3] and for deuterons up to 1.8 GeV [4, 5].
Polarimeters based on such reaction are currently used [6]. In particular the geometry of a
carbon target can be easily adapted for an extended polarimeter, when it is needed to cover
a large surface of a focal plane spectrometer. However, in case of a deuteron scattering,
such reaction has negligible tensor analyzing powers. At energies lower than 500 MeV,
deuteron polarimeters are based on reactions such as d.p elastic scattering [7] and d, 2p
charge exchange [8]. In both cases, a liquid hydrogen target had to be used in order to select
a definite reaction.

The idea of an extended deuteron polarimeter in the GeV energy range, HYPOM, [9]
is based on the use of the elastic deuteron-proton reaction at high energies, which has very
large vector and tensor analyzing powers and large cross section. HYPOM is conceived as
a modification of the POMME polarimeter [4], the carbon target being replaced by a liquid
hydrogen target surrounded by a detection for the elastic protons. Three modules have been
designed, each one consisting in a cylindrical target with, above and below, one set of straws
detectors and a scintillator (Fig. 1).

The main requirements for such target are:

• to cover a large part of the acceptance of the spectrometer detection;

• to have a large thickness in order to increase the efficiency;

• to have a thin surface surrounding the liquid hydrogen, in order to allow the detection
of low energy recoil protons.

In this paper we describe the 3-cell liquid hydrogen target as one of the basic component
of the new focal plane polarimeter HYPOM for high energy deuterons, which was tested at
SATURNE in 1995. During the test only one cell of the target was used.

In next section we describe the design, the working principle and control systems of the
3-cell liquid-hydrogen target. In section 3 we compare its characteristics with similar existing
targets. Special cares in safety requirements are described in section 4.



2 Liquid hydrogen target

2.1 Geometry of the target

Each target cell consists of an inner vessel filled with liquid hydrogen and surrounded by a
vacuum jacket, with thermal insulation in between.

The inner vessel has a cylindrical shape of 70 mm diameter and 500 mm length. The
vessel is made of 175 fim thick A-type mylar. The vacuum jacket, also cylindrical, is made
of Rohacell-70 plastic foam with specific weight of 0.071 g/cm3. The outer diameter of the
vacuum jacket is 130 mm and the thickness of the wall is 17.5 mm. The thermal insulation
of the inner vessel consists of a cylindrical shield of 80 mm diameter made of metallized
mylar 100 fim thick and of 10 layers of perforated metallized mylar 10 fim thick plus 10
layers of glasswool (d = 15 • 10~4 g/cm2). The maximal level of the liquid hydrogen in the
target is 65 ± 1.5 mm. The properties of the different materials crossed by the particles are
listed in Table 1. A section of the inner vessel and the vacum jacket of one cell of the target
is presented in Fig. 2.

2.2 Set-up description
Most used cooling sources for cryogenic targets are either cold gas refrigerators [10], or
liquid Helium [11]. In the second case the cooling and the condensation of the gaseous
hydrogen is managed by the refrigerating power of liquid Helium and of its cold vapors, in
the temperature range 4 — 20 K.

The main elements of the setup are presented in Fig. 3 and consist of:

• (1) the cryostat, including the target (a), the vacuum jacket of the cryostat (b), heat
exchanger for preliminary cooling (c), heat exchanger-condenser (d), cryoadsorption
pumps (el and e2), transfer line sheath (f). vacuum gauges (g) and vacuum pumps
(h), and five thermocouples {TC\ to TCs),

• (2) an hydrogen storage tank coupled to an Hi purification system,

• (3) a liquid Helium dewar, equipped with a superconductive level gauge and pressurized
automatically by means of a pressure switch,

• (4) a screened transfer line supplying Helium to the cryostat,

• (5) a Helium flow regulator with pressure amplifier,

• (6) a control panel, consisting of manometers, valves and flowmeters to check and tune
the He and H2 parameters.

2.3 Heat exchange and condensation.
Liquid Helium is fed from the 2000 £ dewar to the cryostat through the transfer line, then
it goes through the cryoadsorption pump and passes into the condenser at the temperature
Tin. Approximately 60% of Helium at T — 20 K flows into the heat exchanger, cooling the



hydrogen from room temperature to 20 A'. The remaining Helium ( =s 40%) is used to cool
the screen of the transfer line. Both Helium circuits are connected further at the inlet of a
flow regulator. The outlet is linked to the Helium recovery line.

Hydrogen from the storage tank, after the 20 A" heat exchanger, goes into the condenser
where it is liquified, then it flows into the target by gravity. Storage tank and target, being
parts of the same circuit have equal pressures.

The initial pressure, {Pi), corresponds to empty target, when all hydrogen is in gaseous
phase. The final pressure, when the target is full, is indicated below as {Pf).

The condenser has two operating modes: the condensation mode while filling the target
and the recondensation mode when keeping a constant level in the target at fixed conditions.
Using the data obtained during the experiment and the preliminary measurements of the
heat leaks of the target [11] and the transfer line [12]. it was found, that the power losses
due to the transfer line and to the target were equal to 10.3 W and 4.5 W, respectively.

The power balance for temperature below 20 K is given in Table 2, where Qtot is the
total Helium cooling power. It is the sum of Q[. Qt and Qc, the powers for compensation
heat leaks in the transfer line, in the target and in the condenser, respectively; Qc includes
also the power to condense hydrogen.

The Helium cooling efficiency, for the two modes of operation, is shown in Table 3. It can
be defined as the ratio of "useful" cooling power to total cooling power Qus/Qtot- Assuming
that 4.2 g of liquid He are necessary to condense 1 g of H2 (or to condense 1 £ of H2 one
needs 2.37 £ of He), one may calculate R which is the actual amount of liquid Helium used,
taking in account the cooling efficiency. Evolution of the Helium flow and filling rate of the
target during cooling down and hydrogen liquefaction are presented in Fig. 4 on curves 3
and 5 respectively. Liquefaction starts after two hours of cooling down during which the
Helium flow increases up to 10 m3/h.

2.4 Thermal insulation and vacuum
The cold parts inside the vacuum jacket of the cryostat are insulated by a multilayer thermal
shield, which consists of 20 layers of aluminized mylar of lOyum thickness and glasswool.

Heat insulation vacuum inside the jacket of cryostat under operation depends mainly on
the pumping rate and on the diffusion through the plastic foam. The diffusion through mylar
at T = 20 K is small and can be neglected; the diffusion through the vacuum jacket of the
target, made of Rohacell-70 plastic foam, is approximately 0.3 cm3/hour.

To get a correct vacuum 3 pumps were used: a turbomolecular pump (Pfeiffer TPH — 100)
with a pumping rate of 110 £/s and two cryoadsorption pumps, set inside the jacket. One of
them was cooled by Helium, inside the cryostat, the other by liquid hydrogen. The Helium
cryoadsorption pump has a copper thermal shield cooled through a copper strip connected
to the outlet Helium tube coming from the condenser with a temperature of 20 K. The
temperature of the shield at the fixed conditions is ~ 60 K (see Fig. 4.1, thermocouple
TCA). The location of this thermocouple is shown in Fig. 3.

The evolution of vacuum pressure versus time, during cooling down, is shown in Fig. 4
(curve 4). The turbomolecular pump was started two days before the actual filling to prepare
the target. The vacuum was 1 • 10~5 mbar. After filling of the target by liquid hydrogen this



pump was switched off, and only the two cryoadsorption pumps worked. The final vacuum
pressure in the jacket was 5 • 10"' mbar.

Since the Helium flow pulsed and the temperature of the cold surfaces changed from 10 K
up to 30 K, the vacuum pressure was oscillating between 5 • 10"' mbar and 1 • 10~5 mbar.
When the turbomolecular pump was working, the oscillations were not observed and the
vacuum pressure was better than 10~b mbar.

2.5 Thermometry
Five thermocouples ( Cu — {Cu + 0.15%Fe)) are placed in the cryostat (Fig. 3) to control
the process of hydrogen cooling and condensation; they were also used to estimate heat leaks
of the transfer line and the target.

Temperature data were processed by a multi point data recorder (Philips PM8237). with
a delay of 1 minute between two temperature measurements. As Helium flow was pulsing
and the frequency of the temperature oscillation was higher than one pulse per minute, the
temperatures could not be used to measure heat leaks.

In Fig. 4, the temperature variation is shown as a function of time at five different
points (curves 1. TC\ to TC5) during the cooling and filling of the target by hydrogen. For
instance, two hours after the beginning of the cooling down, the temperature at the outlet
of the transfer line and at the inlet of the condenser was in the interval 13 — 27 K.

2.6 Measurement of the liquid hydrogen level in the target

The target and the storage tank are connected to each other in a closed circuit. The storage
tank pressure always equals the target pressure. If the target is empty, all the amount of
hydrogen is in the storage tank and the pressure of the system is maximum. If the target
is filled with the liquid hydrogen, the pressure of the system is minimum. Therefore, the
pressure of the system is correlated to the the liquid hydrogen level in the target. This
appears clearly on Fig. 4 (curve 2) where the general pressure drop after the start of the
hydrogen condensation, from Pi to Pf, is shown as a function of time.

The relative accuracy of the control of the liquid hydrogen level versus pressure depends
on the accuracy of the measurement of the geometrical volumes containing the hydrogen,
and of the temperature. To determine quantitatively this dependence, it was taken that the
amount of gaseous hydrogen evaporating from 1 £ of liquid hydrogen is 788 £ under a pressure
of P = 1 atm at T = 273 K. The volume of the storage tank is 2000 £ at T = 290 K. The
maximum amount of liquid hydrogen in the target is 2.03 £ taking into account the hydrogen
into the feeder tube and the 5 mm height of gaseous hydrogen above the liquid level in the
target. To obtain the maximum filling of the target, the starting pressure in the storage
tank has to be 0.76 atm higher than the atmospheric pressure, if the circuit is initially in
normal conditions. The dependence of the hydrogen level versus pressure, in the target cell,
is presented in Fig. 5 (curve A).

There is also a qualitative way to control the liquid hydrogen presence which is a special
feature of this target. A scuttle type window, 2 cm in diameter is located at the end of the
external vessel on the axis. It enables to look directly the internal target and estimate the
hydrogen level.



2.7 Minimum and maximum pressure in the target
The minimum pressure of hydrogen must be higher than the atmospheric one to prevent any
incoming of air into the hydrogen circuit. The maximum pressure must be lower than 0.7 atm
according to the safety regulation. To fulfill both of the above conditions we choose to work
in the range 0.05 ± 0.1 atm to 0.7 ± 0.1 atm, in differential pressure terms. At the "basic"
pressure Pbas of the pneumosystem of 0 atm. the minimum pressure was Ph = 0.1 atm, the
corresponding maximum should have been 0.86 atm.

It is shown in Fig. 5 (curve B) that with, an initial pressure of 0.8 atm. the hydrogen
level in the target is 62 mm. To fill the target completely (65 mm) it is necessary to decrease
Ph of 0.04 atm.

2.8 Stabilization of the hydrogen level in the target

The regulation of the hydrogen level in the target is done by adjusting automatically the
Helium flow to the pressure of the system. The dedicated device appears on Fig. 6. It is
based on the simultaneous work of a pneumoamplifier (1) of the pressure difference between
target pressure Ptar and "basic" pressure Pbas, and of a Helium flow regulator (2).

When the liquid hydrogen level in the target decreases, the pressure in the target in-
creases. The difference between the target and "basic" pressures, Pdiff, increases. It is then
amplified through the pneumoamplifier and the amplified signal is fed to the Helium reg-
ulator which increases the Helium flow going through the condenser. The level regulation
begins to work when the pressure in the target is higher or equal to Ptar — 0.25 atm.

Fig. 7 shows the stabilization process. In Fig. 7a, the amplification of Pdiff is drawnO
as a function of the target pressure. If the pressure in the target is above Ptar = 0.25 atm,
the maximum amplified pressure (Pamp — 1-4 atm) fed into the regulator, compresses the
spring and opens completely the way through the regulator. Helium massive flowing enables
the recondensation of hydrogen, the pressure in the circuit decreases, so does the spring
compressing strength, Fspr, via the pneumoamplifier. Then the strength pushing on the rod,
Fspr, balances the strength corresponding to the pressure exerted by Helium flow and the
dynamical equilibrium begins (point A in Fig. 7).

In our case, when the target works in the recondensation mode, the "basic" pressure Pbas

is equal to zero, the pressure in the target, Ptar, is 0.1 atm; this pressure is amplified up to
Pamp = 0.5 atm. As the strengths pushing on the rod are equalizing themselves, the rod
changes its position of about 5 mm, corresponding to an Helium flow of 2.75 m3/hour (see
Fig. 7c).

The working pressure in the target can be increased or decreased according to the value
of the "basic" pressure. This system is safe and sensitive. Oscillations of the pressure could
not been observed on a 0.02 atm. sensitive manometer when the target was working.

3 Comparison with existing target

The cryogenic part of this target is similar to the one equipping an existing target [11],
working currently in IHEP (Protvino). The quantitative comparison of these targets is done
in Table 4.



One of the main differences of this setup in comparison with the previous one is the use
of a transfer line to connect the Helium dewar and the cryostat. This feature increases the
Helium consumption because of the cooling power losses due to the transfer line. Apart from
the intrinsec loss, another source of consumption depends on the quality of imperviousness
at the end of the transfer line in the cryostat sheath.

When introduced in the sheath, the transfer line cold end had its end coated by a soft ring
made of soldering metal. This ring prevents the liquid Helium to go directly to the transfer
line screen, by passing the condenser. Apparently this ring was not totally Helium tight
and increased the Helium consumption. It is planned to replace this device by a dedicated
metallic ring designed for this transfer line.

4 Reliability and safety of the setup

One of the main priorities, when the setup was produced, wras its reliability and safety during
operation.

1. Strength of the inner vessel and vacuum jacket produced from polymeric
materials

The strength of these materials and the glue connections were tested before building
of the target. Recommended strength coefficients were used when designing the tar-
get. The behaviour of the Rohacell-70, used to make the vacuum jacket, is shown in
Figs.8 and 9, for compression strength and tensile strength respectively. The stresses
corresponding to working and testing pressures are also indicated.

The tensile strength of mylar, which was used to produce the inner vessel, and also
the stresses in the walls of the vessel at working and testing pressures are presented in
Fig. 10.

2. Electrical power

When the target is filled up and stabilized, the connected set up does not use any elec-
trical power. The electrically driven vacuum pumps are switched off, as only cryoad-
sorption pumping is working. Automatic regulation of the hydrogen level is done by
the pneumosystem.

3. Hydrogen content

Hydrogen (or deuterium) is always into the closed target-storage tank circuit. There
is no need to evacuate the gas at the end of an experiment, it is kept into a storage
tank at a pressure of 0.7 kg /cm2.

4. Safety devices

The internal vessel has a safety valve, which opens at pressure P = 1.1 aim. The safety
valve of the vacuum jacket opens at P = 0.05 aim. The tube, which is used to bring
the hydrogen into storage tank in case of vacuum breaking, has a diameter of 40 mm.



5. Starting and finishing control

The cooling of the target, its filling by liquid hydrogen and regulation of the constant
level is done by the pneumosystem. By tuning the valve which supplies air to the pneu-
mosystem, one controls all these different operations. One valve drives the complete
target. If, for instance, this valve is closed, the hydrogen evaporates and gas goes into
the storage tank.

5 Conclusions

We have described the new working principle of a liquid hydrogen target. Let us summarize
the main characteristics of this target :

• number of cells : 3;

• volume of the inner vessel of one cell : 2 I :

• length of the transfer line : 10 m;

• amount of liquid Helium necessary to cool the transfer line, the condenser of the target
and to fill up the target with liquid hydrogen : 17 t ;

• time needed for target cooling : 165 min;

• time needed for target filling : 54 min;

• liquid Helium flow to keep a constant level of liquid hydrogen in the target : 3.9 ljhour:

• volume of the storage tank : 2000 i ;

• quality of vacuum : a) with TPHIQO : 5-10"7 mbar. b) without TPH100 : 1-10"5 mbar.

The stability and the simplicity of the conception have been successfully tested during a
one-week beam time. The next goal will be to test and work with the fully equipped 3-cell
target, corresponding to 6 I of liquid hydrogen. Then the HYPOM polarimeter will be fully
operational for physics measurements.
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Figure captions

Fig. 1. Overview of HYPOM. an extended high energy polarimeter with 3-ceIl hydrogen
target.

Fig. 2. Section of one target cell with inner vessel, thermal shied and vacuum jacket.
Fig. 3. Main elements of the cryogenic target set up.
Fig. 4. Time dependence of :

1. Thermocouples (TCI - TCo) temperature
2. Pressure in the target
3. Helium flow
4. Vacuum in the cryostat
5. Speed of hydrogen condensation during filling of the target

Fig. 5. Dependence of the liquid hydrogen level in the target as a function of pressure :
A- for final pressure equal to 0 aim
B- for final pressure equal to 0.04 atm

Fig. 6. Schematic view of the pneumoamplifier with regulator of Helium flow.
Fig. 7. Hydrogen level regulation

a) amplified pressure in the pneumoamplifier versus target pressure
b) characteristics of the regulator spring
c) dependence of the Helium flow versus the rod position

Fig. 8. Compression characteristics of Rohacell-70
a)- compression strength
b)- stress in the vaccum jacket versus external applied pressure.

Fig. 9. Tensile characteristics of Rohacell-70
a)- tensile strength
b)- stress in the vacum jacket versus internal pressure

Fig. 10 Characteristics of the A-type mylar, 175 jj.m thick
a) tensile strength
b) stress dependence versus the pressure in the vessel.
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Table 1. Materials of the target crossed by the particles.

Along the beam line.

Hydrogen
Vacuum jacket
Inner vessel
Insulation :
1 shield
10 layers
10 layers

Material

Liquid Hi
Rohacell - 70
Mylar

Mylar
Mylar
Glasswool

Thickness, cm

2 -d/2 = 7
2 x 1,75
2 x 175 •10-''

2 x 100 -10-1

2 x 100 lO"4

2 xlO x 15-10-4 9/cm2

Density. 9/cm3

0.0709
0.07
1.35

1.35
1.35

Total amount. 3/cm2

2 x 0.245
2 x 0.123
2 x 0.024

2 x 0.014
2 x 0.014
2 x 0.015

0.49
0,294

0,086

0,49

0.380

For recoil particles.

Hydrogen
Vacuum jacket
Inner vessel
Insulation :
1 shield
10 layers
10 layers

Liquid H->

Mylar

d/2 = 3,5
1,75
2 x 175 -lO"4

10 10"4

10 -10 • 10~4

10 x l5 -10~ 4 <>/cm2

0,0709
0;07
1.35

1.35
1.35

0,245
0,123

2 x 0,024

0,014
0,014
0,015

0,245
0,147

0,043

0.49

0,435



Table 2. The power balance for temperature below 20 A' for the two different operating
modes of the condenser. Qtot is the total Helium cooling power, sum of Qi, Qt and Qc,
respective powers for compensation of the heat leaks in the transfer line, in the target and
in the condenser, including hydrogen liquefaction. 7//e is the Helium temperature in K.
Helium flow is given in m3/hour at room temperature and atmospheric pressure.

Operating
mode

Condensation
Recondensation

Helium
flow, m3/h

9.80
2.75

Qtot
w

52.8
14.8

Qi

w
10.3
10.3

Qt

w
4.5
4.5

Qc

W

38.0
0.0

K
4.1

13.7

Table 3. Helium cooling efficiency.
Qus/Qtot is the ratio of "useful" cooling power to total cooling power. R is the corre-

sponding amount of liquid He used to condense 1 I of H2

Operating mode Qi Qt Qc QU3 Qtot Qus/Qtot R
W W W W W i__

Condensation 10.3 4.5 38.0 38.0 52.8 0/72 3.29
Recondensation 10.3 4.5 0.0 4.5 14.8 0.30 7.90

Theory 0.0 0.0 38.0 38.0 38.0 1.00 2.37

Table 4. Differences between the HYPOM target and the target used at IHEP [11].

Feature

Volume of liquid
Hi in the target, [t]
Volume of the storage tank, [£]
Diameter of the target, [mm]
Length of the target, [mm]
Mylar thickness, [mm]
Material of the
vacuum jacket
Density, [g/cm3]
Outer diameter, [mm]
Wall thickness, [mm]
Length of transfer line, [m]
Liquid Helium flow
in recondensation mode, [tjhour]
Time needed for cooling and
filling of the target, [min]

IHEP target

0.8
100
60
300

0.125

PS-1
0.124
120
10
0

0.95

60

HYPOM target

2.0
2000

70
500

0.175

Rohacell-70
0.070
130
17.5
10

3.9

165
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