A large ultra-clean gas system with closed loop
for the high-rate Outer Tracker at HERA-B
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Abstract

The gas system for the Outer Tracker of the HERA-B experiment at DESY
produces the desired counting gas mixture Ar/CF4/CO2 65:30:5 and circulates it
through the detector at a flow rate of 20 m3/h, i.e. ~1 vol/h. It controls flows and
regulates pressures in all 26 OTR half-superlayers, purifies the gas upon return from
the detector, and automatically performs a quantitative analysis of main and trace
(O2, Ng, H2O) gas components for the common input and the outputs of all half-
superlayers. The first running experience and the strategies employed during system
construction to avoid any detector aging possibly induced by the gas system are
discussed. The large system with major gas purification stations was constructed
using only non—outgassing, “clean” materials and devices, such as stainless steel,
PEEK, baked Viton, and metal bellows pumps. An epoxy glue was used extensively

as a non-outgassing sealing material in applications with up to 100 bar pressure.
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1 Introduction

The high bunch-crossing rates at modern
machines such as HERA, the Tevatron in
Run II, or the future LHC require small drift
distances and the use of fast counting gases
in large—area tracking detectors to avoid pile-
up effects. For current detectors, the high
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electron drift velocities are typically achieved
by adding tetrafluoromethane (CF4) to the
counting gas, as the drift velocity for pure
CF4 exceeds 100 pm/ns in electrical fields
larger than 1 kV /cm [1-4].

However, a considerable disadvantage of
CF, is its high cost (~ $40/kg), which poses
a problem for detectors with large volume
and/or high gas-flow rate. The CF4 must ei-
ther be recuperated after passing through the
detector or the counting gas has to be recir-
culated continuously. Recuperation with suf-
ficient purity requires considerable cryogenic
efforts. In a circulating system the pollutants,
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Fig. 1. Overview of OTR gas system.

such as products from plasma chemistry pro-
cesses in the avalanche, material outgassing,
and air from unavoidable leaks accumulate in
the counting gas. They compromise detector
performance and can cause detector aging.
Constant gas purification is needed to avoid
such detrimental effects. These considerations
set the basic framework for the design of gas
systems for large, state-of-the-art gaseous
detectors.

2 Functions & operation of gas system

The overview in Fig. 1 shows that closed-
loop gas circulation with purification is em-
ployed on a large scale in the gas system for
the Outer Tracker (OTR) of HERA-B. De-
sign, aging studies, and performance of this
detector, which was built for 40 MHz inter-
action rate and ~ 30% maximum occupancy,
are described in detail elsewhere[5-9].
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The OTR gas system performs several func-
tions to ensure proper detector operation. It
produces the required counting gas mixture
Ar/CF4/COq (65+1):(30+1):(5+0.2) in the
mixing station (Fig. 2), distributes it to the
26 separate OTR half-superlayers (Fig. 3),
and circulates it through the entire detector
at a flow rate of 20 m3/h, equivalent to about
one volume exchange per hour for the whole
detector. The system controls flows and regu-
lates pressures in all 26 chambers to 0.5 mbar
above atmospheric pressure by means of mass
flow controllers, pressure transducers and
a programmable logic controller. In case of
pressure alarms, active normally-open safety
valves and a large safety tank prevent danger-
ous over- or underpressures in the chambers
while at the same time minimizing the entry of
air into the chambers (Figs. 1,3). The system
continuously performs automatic quantitative
analyses of all main and certain trace (Oq,
No, HyO) gas components for the common
input and the outputs of all half-superlayers
by means of gas chromatograph[10], oxygen
meter[11], and moisture meter[12].

It purifies the gas upon return from the de-
tector by removing oxygen and water in re-
generable purifiers (Figs. 4,5). A newly regen-
erated purifier station containing ~ 60 kg of
purifier material[13] for oxygen removal can
keep the oxygen content at levels below 200
ppm for about 10 days during normal oper-
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ation (Fig. 6). Regeneration in parallel of a
second, exhausted oxygen station takes about
3 days. During system commissioning it was
found that the purifier material for oxygen re-
moval also absorbs significant amounts of wa-
ter so that the detector was operated with
very dry gas (c¢(H20)< 20 ppm) even after the
second purifier station dedicated to water re-
moval with a molsieve material[14] had been
excluded from the system.

The Ng concentration in the gas is kept at
< 2000 ppm by continuously venting 0.5-2%
of the circulating gas per hour and adding

Fig. 5. Purifier stations for O2/H2O removal.

freshly mixed gas, which caused a CFy con-
sumption of about 400 kg/month in 2000.
Fig. 6 shows the measured concentrations of
main and trace gases during the first run pe-
riod of HERA-B in 2000 illustrating a good

system performance.

3 Minimizing the potential for aging

The following strategies were consistently
employed throughout all design and construc-
tion phases of the gas system to minimize the
potential for any aging effects in the OTR:

e Maximize the use of the few materials guar-
anteed to be clean and proven to be safe
from outgassing (e.g.[15,16]) when selecting
system components: stainless steel, glass,
PolyEtherEther-Ketone (PEEK), and non-
outgassing epoxy.

e Awoid all contact of gas with any sort of
lubrication, Teflon, or any other outgassing
plastics or elastomers in system compo-
nents. Modify components if necessary.

e Test any unproven materials in prior aging
tests if forced to use them.

All piping is done with stainless steel (ss)
tubes joined either by external orbital weld-
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Fig. 6. Concentrations of main and trace gases
in the OTR gas mixture during the running
period in 2000. Unusual events are indicated.

ing or ss-fittings[17] providing a pure metal-
seal. The only exceptions are applications
where non-conductive piping is required, e.g.
to electrically insulate the chambers from
the gas system; here short PEEK tubes are
used. Where pipes need to be movable, e.g.
on detector superlayers that can slide in and
out of position or on circuit pumps, flexible
ss-pipes are used. These pipes were produced
and cleaned in industry following a proce-
dure developed by the DESY gas group|18]
to ensure removal of any detrimental chemi-
cals from production. The inner pipe surfaces

were inspected endoscopically near the ends
and all pipes were evacuated to check for va-
por pressure from outgassing remnants before
installation.

A 1.5 m long ss-tube of 5 cm diameter is
filled randomly with ss nuts and bolts and
mixes the 3 gas components by creating tur-
bulent flow. Filters downstream from the puri-
fiers prevent loose purifier materials from be-
ing carried with the gas stream to the detec-
tor. A filter unit contains a cylindrical ss-mesh
welded (not glued) into ss-seats and placed
in a ss-holder. Preinstalled Buna tubes at the
measuring ports of pressure transducers[19]
installed on the chambers were manually re-
placed by stainless steel tubes.

Under no circumstances is Teflon tape used
to seal fittings. Any fittings that require ad-
ditional sealing material are sealed by apply-
ing Stycast 1266 epoxy glue[20] to the fitting
threads before assembly. This glue is proven
not to outgas[15,16] and is used in the con-
struction of the OTR detector modules them-
selves. This sealing technique is not only used
in low-pressure applications such as fittings
for ball flowmeters, but also in high-pressure
connections. Fig. 7 shows examples of these
applications, such as seals for CF4 pressure
cylinders at 100 bar, for the input connectors
to Ar (6 bars), CF4 (100 bar), and CO4 (15
bar) pressure regulators, or for adapting a pipe
to the large fitting of the system buffer tank.
It even works under strong vibrations and at
50° C, as encountered with the circuit pumps.

Only non-lubricated ss-valves are used. In
the large ball valves[21] used in the mixing
and purification stations all standard lubri-
cation was manually removed and the stan-
dard Teflon seals and seats were replaced by
special-order PEEK seals and seats. The cir-
cuit pumps employ special steel bellows[22] as
shown in Fig. 8 that completely isolate the
counting gas from the unavoidable lubricants
needed in the pump motors.

In a few devices, such as needle valves in
ball flow meters, mass flow controllers, and
pump valves, elastomer seals are hard to avoid



Fig. 7. Examples for applying non-outgassing
epoxy (Stycast 1266 [20]) as seal for gas fit-
tings. Arrows indicate exact locations where
epoxy is applied. Note that epoxy is mainly
applied within threads of connecting fittings
which provides the seal. Top: adapters for pipe
connection to 1.5 m? buffer tank (appl. press.
2.5 bar abs.); middle: CF4 gas bottle (100 bar);
bottom: CFy4 pressure regulator (100 bar on
high-pressure side).

Fig. 8. One of 15 system pumps[22] with cover
removed to show steel bellows (arrows).

completely if costs are to be kept at a reason-
able level in a large system. In these cases, the
strategy is to use only a single type of sealing
material in all devices. Here Viton, a fluori-
nated copolymer, was chosen as it is a stan-
dard sealing material and reasonably priced.
It is rated as ‘usually good’ based on exten-
sive outgassing tests reported by other authors
[23,24]. Nevertheless, before selecting this ma-
terial for the gas system it was extensively
validated by using it in various aging stud-
ies[9,25]. As a preventive measure, any large
Viton pieces were baked out at 65°C under
steady nitrogen flow for at least 60 hours be-
fore installation in the gas system.

The choice of purifier materials was guided
by many years of positive experience with
catalyst[13] and molsieve[l4] agents in
other HERA experiments, H1[26] and HER-~
MES|27]. However, in a system that circulates
gas with a large CF4 component through a
high-rate detector, these materials may be
chemically attacked by aggressive products
from CF,4 cracking and may release further,
potentially harmful pollutants into the gas
stream. Consequently, the stability of gas pu-
rifiers must be carefully tested before putting
them into operation with a full-size detector.
A prototype gas system with circulation and
purification was constructed following the
same strategies outlined above. It operated



with OTR test modules for 3000 hours with-
out indication of significant aging due to the
purification system|[25], which validated the
selection of the purifier materials.

4 Running experience and conclusions

The main operational problem with the sys-
tem are leaks occurring in the metal bellows
of about half of the 15 circulation pumps that
run in parallel. The leakages are mainly due
to motor grease or metal shavings getting
wedged in the outside of the moving bellows
causing a mechanical rupture in the long-
term. However, the possibility that aggressive
fluorine compounds or radicals corrode the
bellows from the inside and ultimately also
cause ruptures is under study. To maintain
operation, a leak detection system was in-
stalled for the pumps in 2001 using an oxygen
meter and valve system to pinpoint any leak-
ing pump so that it can be isolated quickly
from the system in case of rupture.

Another problem is the malfunctioning of
several mass flow controllers (MFCs) after
about a year of operation. The suspected
cause is a swelling of the Viton seals in the
MFC due to long-term exposure to CF4. The
affected MFCs have to be refurbished and
recalibrated by the manufacturer.

Overall, the system performs all its func-
tions well and no aging has been observed in
the OTR after two years of operating it at
HERA-B with this gas system. This result so
far confirms the validity of the strategy cho-
sen to construct and operate the system.

5 Acknowledgements

I thank I. Tsakov of INRNE, Bulgarian
Academy of Science, and engineers I. Bonev
and F. Mladjov for their crucial contribu-
tions to hardware and software of the control
system, W. von Schroeder, B. Krause, and
W. Zoch of the central gas group ZMEAG6 at

DESY for their invaluable support, HERA—-
B technicians J. Hansen, M. Hoffmann, M.
Nitsche, Al. and An. Schleiermacher, and J.
Schulz, as well as students K. Dehmelt and T.
Fox for major contributions to construction
and operation of the gas system.

References

[1] L.G. Christophorou et al., Nucl. Instr. and
Meth. 163 (1979) 141.

[2] Y.-H. Chang et al., Nucl. Instr. and Meth.
A 339 (1994) 524.

[3] T. Zhao et al., Nucl. Instr. and Meth. A
340 (1994) 485.

[4] O. Kiselev et al., Nucl. Instr. and Meth. A
367 (1995) 306.

[5] E. Hartouni et al., HERA-B Technical
Design Report, DESY-PRC 95/01, Jan.
1995.

[6] C. Stegmann, Nucl. Instr. and Meth. A 384
(1996) 196.

[7] M. Hohlmann, Nucl. Instr. and Meth. A
461 (2000) 21.

[8] H. Kolanoski, Proc. of the IEEE Nuclear
Science Symposium, Lyon, France (2000).

[9] H. Albrecht et al., these proceedings.

[10] Varian Inc., Palo Alto, CA 94304, USA;
CP-2002 PD Micro-GC with Chrompack
Molsieve and Poraplot columns.

[11] Teledyne Inc., Los Angeles, CA 90064,
USA; fuel-cell based Oxymeter 316.

[12] Shaw Moisture Meters; Bradford, BD1
35Q, UK; Super-Dew hygrometer with
blue sensor.

[13] BASF AG, 67056
Ludwigshafen, Germany; catalyst R3-11G,
46% copper oxide in highly dispersed form,
stabilized on a carrier and activated, pellets
9 X 3 mm.



[14] UOP Llc. (formerly Union Carbide), Des
Plaines, IL 60017, USA; molecular sieve
— Type 3A, K9Na3[(AlO2)12(Si02)12] -
X H50, 3-1071% m nominal pore diameter,
Type A crystal structure, pellets 4-8 mesh.

[15] M. Capedns, U. Santiago de Compostela,
Spain, Ph.D. thesis (1995).

[16] M. Capedns, these proceedings.
[17] Swagelok Co., Solon, OH 44139, USA.

[18] W. von Schroeder, DESY gas group
ZMEA 6, private communication.

[19] Setra Systems Inc., Boxborough, MA
01719, USA; C267 pressure transducer.

[20] Emerson & Cuming, Inc., Canton, MA
02021, USA, and Grace Japan K. K., 6-14-
1, Nishi-shinjyuku, Shinjyuku-ku, Tokyo,
Japan; Stycast 1266 + Catalyst 9.

[21] Whitey Co., Highland Heights, OH 44143,
USA, Series 60 ball valves.

[22] Metal Bellows Inc., Sharon, MA 02057,
USA; metal bellows pump model MB-
21EB.

[23] J. Kadyk, Nucl. Instr. and Meth. A 300
(1991) 436.

[24] R. Bouclier, CMS TN/96-038 (1996).

[25] M. Capedns, K. Dehmelt, M. Hohlmann,
B. Schmidt, these proceedings.

[26] S. Masson, Tech. Hochsch. Aachen Report
PITHA 94/50, Ph.D. thesis (1994).

[27) D.M. Thiessen, Simon Fraser U.,
Vancouver, Canada, M.S. thesis (1996).



