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Abstract

A prototype cryogenically-cooled storage cell for the HERMES polarized *He internal target has been designed and
constructed. The storage cell operates at 15 K with a 10 W applied heat load, while maintaining less than a 3 K differential
over the 40 cm long cell. When operated at 15 K, the target thickness in the storage cell is a factor of 4.5 larger than for a
room temperature cell. The coaling system used a continuous flow cryogenic helium gas loop. Complete details of the

system are presented.

1. Introduction

Internal gas targets are being utilized in many of the
next generation electron storage ring experiments because
they realize the ideal interaction between beam and target.
In these targets, a source of chemically and isotopically
pure nuclei is directed into a windowless conductance
limiter (the storage cell) through which the stored electron
beam passes. In the storage cell the beam and target
interact in the presence of no additional nuclei, hence the
distinction ‘‘ideal interaction.”” When the injected gas is
polarized the internal target provides an excellent platform
for high precision spin measurements. The purity of the
target implies that no dilution of the measured asymme-
tries arises from unpolarized target nuclei, and hence, no
kinematic deconvolution is necessary to extract physics
results. Additionally, the target polarization is rapidly re-
versible, which reduces systematic errors. Experiments
planned at the HERA ring at DESY, the MIT-Bates South
Hall Ring, and the NIKHEF AmPS. will utilize internal
gas targets [1-3]. These experiments will exploit the low
luminosity of the targets by using large acceptance detec-
tors to simultaneously measure quantities over a broad
kinematic range. The targets will also allow for detection
of small-scattering angle and recoil particles as the storage
cell designs incorporate thin-walled windowless structures.

The HERMES experiment will employ internal polar-
ized targets to measure the spin-dependent structure func-
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tions of the neutron and proton by scattering 27 GeV
longitudinally polarized electrons from polarized hydro-
gen, deuterium, and *He nuclei [1]. The internal targets for
HERMES are based on an atomic beam source and a laser
optically pumped *He target. The HERMES polarized He
target uses a laser-pumped metastability exchange source
[4]. The stored beam lifetime limits the target thickness. To
overcome this limitation the target is cryogenically cooled
to 15 K, increasing the target thickness by a factor of 4.5
over a room temperature target without increasing gas load
to the pumping system. The cooling is limited to 15 K by
surface relaxation effects, which become important below
~ 10 K. In this paper, we report on a prototype cryogenic
internal storage cell for the HERMES “He target which
will be installed in the HERA ring at DESY, Hamburg,
Germany. Details of the system along with a series of
cryogenic measurements are reported.

2. The storage cell design

In an internal gas target, the gas molecules are injected
into a T-shaped storage cell. The gas is confined by the
storage cell to the region close to the beam axis, resulting
in an increase of the areal target density by two orders of
magnitude over a free jet. For the HERMES detector, the
storage cell design constraints include minimal material in
the acceptance of the detector system, ultra-high vacuum
compatibility, and minimal magnetic content in the materi-
als used. The acceptance of the HERMES detector covers
a rectangular region from 40 to 140 mrad in the vertical
plane and +170 mrad in the horizontal plane over the
entire target length. This far-forward looking geometry
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requires the use of minimal materials in the acceptance,
since particles may shower in the material, generating
background in the detector system. Ultra-high vacuum
compatibility is necessary for interfacing with the ring and
maintaining long beam lifetimes. Magnetic material is

minimiz i 1 1 ity imi
minimized because holding field inhomogeneities limit

target polarization.

To further increase the target density the storage cell is
cooled to 15 K, increasing the target density by a factor of
4.5. Our cooling system is designed to operate at 15 K and
accommodate up to 10 W of heating along the storage cell,
with no more than a 3 K temperature differential over the
entire 40 cm long cell. The heating of the storage cell is
generated by wakefields created by the time structure of
the stored beam. This heating is minimized by having
smooth transitions between beamline components. Calcula-
tions [1] show that the heating is expected to be on the
order of several W over the target cell, therefore a conser-
vative design goal of 10 W is used. The minimum temper-
ature for the cooling cell is determined by surface relax-
ation effects. We now briefly examine this subject.

At low temperatures the relaxation time of polarized
*He atoms on copper has been measured over the tempera-
ture range 13-40 K [5]. Using these data we estimate the
depolarization probability /wall collision to be 5 < 107° at
13.5 K on copper. A *He atom typically has ~ 10° wall
collisions as it traverses the target. Assuming that depolar-
ization probability per wall collision for *He on aluminum
is similar to that on copper we estimate that the lowest
operating temperature for negligible wall depolarization is
~10-15 K.

A thin-walled elliptical storage cell has been fabricated
to meet these design specifications. The cell was a 29.0
mm X 9.8 mm elliptical tube, with a feed tube intersecting
at the center, where the size corresponds to a +200
clearance for beam during injection. It was constructed
from two sheets of ultra-pure (99.9999%), thin (127.0 pm)
aluminum which were formed into half ellipses with half
tubes at the center. The halves were spot welded together,
forming the desired shape (see Fig. 1) where the flat
sections support the target and allow for cooling. The
target was supported at its edges by long rails which also
provided the cooling. Ultra-pure aluminum was used due
to its excellent thermal conduction properties at cryogenic

Fig. 1. Internal target storage cell. The cell is formed from 2
sheets of ultra-pure (99.9999%), thin (127.0 wm) aluminum, spot
welded together.
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Fig. 2. The cryogenic internal target storage cell cooling loop.

temperatures and low atomic number which minimizes
showering. In the region of interest (around 15 K), the
ultra-pure aluminum is over thirty times more conductive
than commercial pure (99%) aluminum [6]. In the next
section, we describe the cryogenic cooling system.

3. The cryogenic cooling system design

The storage cell cooling system was based on a cryo-
genic helium gas continuous flow loop. Cryogenic helium
gas entered the system through a bayonet fitting and was
directed to the storage cell support rails, which allowed for
cooling of the storage cell. The exhaust from the storage
cell rails was connected to the radiation shield plate which
minimized radiant heating. After leaving the radiation
shield plate, the helium gas left the chamber through a
second bayonet fitting and was vented to atmosphere. The
cooling loop is shown in Fig. 2. We now describe the
storage cell support system and cooling loop.

The storage cell support system is shown in Fig. 3. The
storage cell was supported with two sets of aluminum rails,
clamping the cell along its the edges. A set of eight

Fig. 3. Support system for the cryogenic internal target storage
cell. Also shown are the locations of the heater and silicon diode
temperature sensors used in testing.
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fasteners were used for each rail to ensure good thermal
contact between the rails and target. The rails were posi-
tioned outside the limits of the detector acceptance. These
rails were supported by two U-shaped aluminum brackets,
which were attached to a set of cantilevered aluminum
beams. The brackets were thermally isolated from the
beams via a set of nickel-flashed ceramic washers. The
beams were attached to an aluminum radiation shield
support plate. The shield plate was mounted to the vacuum
flange plate with a set of four thin-walled titanium posts.
The shield plate also supported the radiation shield, which
encapsulated the storage cell. The storage cell alignment
was adjusted through use of several slotted holes on the
support beams and shield plate. Titanium fasteners were
used in the support system because of their non-magnetic
properties.

The cooling loop consisted of 3/16 in. oxygen free,
high conductivity (OFHC) copper tubing segments which
were soldered onto the various components and then con-
nected to form a loop. The cooling loop began at the
entrance bayonet fitting where 3/16 in. OFHC copper
tubing was soldered to the fitting. The tubing passed
through the radiation shield plate and the bottom two
clamping rails, where it was silver soldered to U-shaped
channels in the rails. The rails were nickel flashed to allow
for soldering. The tubing extended down one rail and
returned along the opposite rail, with a bellows joint in the
section between the rails. The loop passed through the
shield pldlC and was silver soldered to U- buapcu channels
in the plate which was also nickel flashed. This allowed
the cooling exhaust from the cell support to cool the
radiation shield, eliminating the necessity for a separate
radiation shield cooling loop. The radiation shield had
view factor control sleeves on all penetrations to minimize
thermal radiation onto the target, and three 3 in. diameter
view shielded vent holes to allow for efficient pumpout of
the storage cell area. The loop ended at the exhaust
bayonet. Also included in the loop were several bellows to
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in. Cajon VCR fittings to allow for disassembly. All joints
were soldered with cadmium-free silver solder to ensure
ultra-high vacuum compatibility. The complete system was
mounted on one flange to allow for easy assembly and

perforrnance charactenstlcs of the system. A heater and a
set of sensors were attached to the system for these tests.
To simulate heating, a nichrome wire was attached to the
center of the storage cell and a current was passed through
it. The current was varied to simulate various heat loads
from 0 to 10 W. A set of seven silicon diode temperature
sensors (Lakeshore P/N DT-471-CU) were attached to the
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storage cell and support structure to monitor the tempera-
ture during testing. Three sensors were mounted near the
center of the storage cell (on the flat region next to the
elliptical tube), one at each end (sensors D and F) and one
in the center (sensor E). Three sensors were mounted on
the clamping bars, one at the coolant inlet of the first rail
(sensor A), another at the second rail coolant inlet (sensor
B), and one at the coolant outlet of the second rail (sensor
C). The remaining sensor was placed on the radiation
shield plate (sensor G). Sensor and heater locations are
shown in Fig. 3. Helium use was monitored with a mass
flowmeter placed in the exhaust line.

Initial cooldown was accomplished by flowing liquid
nitrogen through the system. This pre-cooling stage was
complete when liquid nitrogen flowed from the outlet line
and typically took from 35 to 45 minutes to reach ~ 90 K
when starting at room temperature. After the liquid nitro-
gen cooldown, liquid helium was introduced into the sys-
tem from a dewar overpressured by 3 atm. The liquid
helium was used to cool the system to ~ 20 K. At this
point, the transfer tube was raised above the liquid helium
level in the dewar, to allow cooling by gaseous helium.
Use of the gaseous helium was necessary because prelimi-
nary tests showed that the system exhibited instabilites
under liquid helium cooling, which is a common problem
with cryogenic systems [7]. The instabilities arise from the
liquid helium boiling, creating shock waves in the liquid
medium which feedback and oscillate. While these insta-
bilities can be removed by careful design considerations,
we found that it was much simpler to use gaseous helium.
The gaseous helium provided a stable system, where the
cooling power was only slightly diminished due to the low
latent heat of helium. The gaseous helium can be flow
regulated by either pumping on the exhaust of the system
or by pressurizing the storage dewar. In our tests, we chose
the simpler method of pressurizing the storage dewar by
installing a resistive heater in the dewar and applying
current to regulate flow. This resulted in a very stable and
reliable lCEUlﬂlCu system. For the HERMES CA[JCIHUCUL,
the flow will be regulated by pumping on the exhaust of
the cooling system. This will be necessary because of
fluctuations in the helium gas return system pressure,
which can adversely affect the cooling system. Pumping
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the helium gas return system.

The tests were conducted by flowing the cryogenic
helium gas through the system and varying both the he-
lium flow rate and heat applied to the storage cell. Results

for the r‘nmnlnfp set of temnerature senso
the comr temperature sensors are sjvvu in

Table 1. The sensor locations are illustrated in Fig. 3.
Temperatures along the center of the cell are given by
sensors D, E, and F. Sensor D consistently reads slightly
higher than sensors E and F because the nichrome heater
wire extended beyond the cell near this sensor and hence
produced a higher heat load in that region of the target. A
similar effect is seen for sensors A and C, although the
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effect on sensor A is not as dramatic as it is located near
the helium input. Results for the central (E) sensor as a
function of heat applied and flow rate are shown in Fig. 4.
We first note that the system exceeds the design specifica-
tion. Flowing 193 standard liters per minute (SLPM) of
helium gas (corresponding to 16.5 liquid-liters of helium
per hour) with a 10 W heat load produces a central
temperature of 11.3 K with a temperature difference of
only 0.1 K between sensors E and F. Under a more

Table 1

Temperatures for the seven sensors as a function of helium gas
flow and heat applied to the storage cell. Sensor locations are
described in the text and shown in Fig. 3. Helium gas flow rates
are given in standard liters per minute

Helium Heat Sensor temperature [K]

flow applied A B C D E F G
[SLPM] [W]

65 0.0 16.0 162 181 17.8 16.1 163 415

65 1.0 167 17.1 188 18.6 169 17.0 414

65 20 176 178 194 192 178 179 415

65 5.0 199 200 229 226 204 204 420

65 10.0 277 278 289 290 283 282 433

80 0.0 124 11.0 149 145 125 127 304

80 1.0 134 138 159 155 135 13.7 305

80 2.0 144 146 167 164 146 14.7 306

80 5.0 168 169 188 185 17.1 171 308

80 10.0 222 227 267 265 234 231 314
102 0.0 97 90 121 117 88 99 293
102 1.0 104 95 131 127 101 108 294
102 2.0 113 99 140 136 98 11.7 296
102 5.0 13.6 138 162 158 138 139 300
102 10.0 169 169 191 189 172 171 304
112 0.0 94 96 116 111 95 96 304
112 1.0 98 101 124 11.9 99 101 303
112 2.0 105 109 132 128 107 109 303
112 5.0 127 129 153 149 129 130 303
112 10.0 156 155 179 176 159 159 304
132 0.0 81 76 98 95 75 85 250
132 1.0 88 80 106 101 89 9.0 252
132 2.0 92 85 115 11.0 94 95 256
132 5.0 11.0 9.7 138 134 97 114 271
132 10.0 143 143 169 16.6 146 145 285
158 0.0 75 69 90 85 67 77 2.0
158 1.0 79 76 95 91 80 73 202
158 20 75 77 100 97 85 7.7 206
158 5.0 97 88 124 120 98 99 219
158 10.0 128 12,6 157 153 131 131 245
193 0.0 68 63 83 77 60 62 182
193 1.0 72 66 87 82 73 66 182
193 2.0 76 69 92 87 77 69 183
193 5.0 87 79 107 102 89 79 187

193 10.0 11.0 95 140 136 113 112 196
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Fig. 4. Temperature as a function of heat applied to the storage
cell, for several cryogenic helium gas flow rates. Temperature is
given for the central (E) sensor and the flow rates are in standard
liters per minute of helium.

reasonable heat load estimate of 2 W, the system requires
only 80 SLPM (6.9 lig.-liters /bour) helium to maintain
14.6 K. We also see that the system exhibits essentially
linear behavior in heat load and flow rate.

5. Conclusion

We have designed and constructed a prototype cryo-
genic internal storage cell for the HERMES experiment at
DESY. The system exceeds the design goals of maintain-
ing 10 K under a 10 W heat load with less then a 3 K
temperature differential over the storage cell. For a 10 W
heat load the target requires 132 SLPM (11.3 lig.-
liters /hour) helium to maintain 14.6 K. At the expected
heating level of 1-2 W the target requires 5.5-7.0 liquid-
liters of helium per hour to maintain 15 K. The system can
easily be adapted for other target systems, including those
which call for higher heat loads and lower temperatures.
Current plans include using modified versions of the sys-
tem for the internal polarized *He target for the Bates
Large Acceptance Spectrometer Toroid detector at the
MIT-Bates South Hall Ring [8] and for an external polar-
ized *He target currently proposed for the CLAS detector
at CEBAF [9].
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