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Introduction

This document describes the gas cell developed by IAS-Orsay and ENS-LERMA for HIFI ILT
campaigns, and its use in this context. A overview of the hardware is given, together with
other test equipments associated with the cell and their interfaces to the HIFI ILT setup.
Finally, all operational procedures are compiled.
Complementary details on the gas cell design concepts can be found in IASLERMA/HIFI/AIV/2002-01.
2

Contact persons

The gas cell is a very fragile hardware, so that it should never be operated without informing
the persons listed below. In principle, at least one of the persons below should always be
present during its use.
Name
David Teyssier

Role
Main contact – gas
cell test engineer

Emmanuel Dartois

Gas cell expert

Phone(s)
+34 918131355
+34 667097169
+31 628269059
+33 169858638

Dominique Deboffle

Gas cell expert

+33 169858720

3

email
dteyssier@sciops.esa.int
emmanuel.dartois@ias.upsud.fr
dominique.deboffle@ias.upsud.fr

Reference Documents

Name
Cookbook for HIFI ILT
QLA help pages
CUS language description
CUS scripts for HIFI FM ILT
Absolute Hot Black Body for HIFI ILT/AIV
Hot-Cold switch for HIFI ILT/AIV
Technical report: realisation of a gas cell for tests of
Herschel/HIFI
SWAS report on gas cell measurements

Reference
HIFI/2005-xx

Issue
V0.1

ICC/2005-00X
SRON-G/HIFI/TN/2004-00X
SRON-G/HIFI/TN/2004-00X
IAS-LERMA/HIFI/AIV/200201
SWAS/TM-4027

v0.4
v0.1
v0.1
v1.0

Page 4 of 24

HIFI Gas Cell Manual

HIFI
4

Hifi no.: IAS-LERMA/HIFI/TN/2006-01.
Inst.no.: n
Issue: Draft 0.2
Date: :06-11-06
Category: 2.

Scientific motivations

The prime objective of the gas cell is to measure side-band ratios in the HIFI instrument.
Indeed, the detectors used in this instrument are based on the heterodyne mixer technology
(SIS and HEB) and have the particularity to work in Double Side-Band mode (DSB). Each of
these side-bands will contribute to the final spectra with a given gain, which may be strongly
frequency-dependent along the mixer tuning range. Observational techniques exist to restore
the signal detected in each of the bands but they cannot provide estimates of the side-band
ratio (ratio between the gains of the two respective bands) to the accuracy required for the
HIFI calibration.
Several options can be considered to measure the side-band ratio. One common practice
consists in using absorption cells filled with adequate gases for the frequency range of
interest. This system proved to be very efficient during the SWAS test phase (see e.g.
SWAS/TM-4027) and allowed to check several detector characteristics (e.g. side-band ratio,
mixer compression). The principles of the measurements are described in more details in
section 6.6. Alternative systems exist, mostly based on Fabry-Perot or Fourier-Transform
Spectrometers (FTS). They have the advantage to provide as many frequency measurement
points as required (monochromatic signals), but are more expensive, hard to calibrate and
significantly complex and time-consuming to design.
In addition to this, the gas cell is a spectral laboratory source allowing to provide
representative spectra of real molecular emission (i.e. no synthetic line) to the instrument.
This thus offers a very powerful way to check the ability of any spectrometer to detect lines in
a large range of frequencies. In particular it should help to validate dedicated algorithms to
de-convolve the signal between the two side-bands.
5

Description of the hardware

5.1 Overview
In contrast to other similar systems operated in the millimetre and sub-millimetre domain (e.g.
at University of Cologne), this cell was built following the multi-path concepts commonly used
at visible and Near-Infrared wavelengths. The overall device is shown in Figs.1 and 2, and
consists mainly of two parts: a lower cavity, that we call connection chamber, providing the
mechanical interface to the input and output ports, and an upper glass cavity (the cell)
hosting the gas sample.
The only difference between those drawings and the actual hardware is the fact the
secondary mirror M2 is not suspended to the top of the cell but rather sitting on the plate
holding the windows.
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Fig.1: Drawing from the cell as seen laterally. Chief-ray and 4w beam envelopes are shown
along the entire optical path. Indicated on this figure are the two folding mirrors P1 and P2, as
well as the Offner relay consisting of spherical mirrors M1 and M2. Also shown are the tilted
Mylar windows (F1 and F2).
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Fig.2: Drawing from the cell as seen from the input (or output) beam. Shown on the cell are
two pipes dedicated to the filling and emptying of the gas sample (see next section). Also
shown is the pipe at the side of the connection chamber (see text for details).
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Dimension (mm)
150 ?
?
?
528
230
30
Of order 0.1 microns

5.2 Optics and windows
The gas cell optics are based on an Offner relay located inside the cell (mirrors M1 and M2
on Fig.2), offering a total path of more than 1 metre in a very compact (less than 30 cm high)
configuration, easing thus operations and integration in a variety of measurement setups. In
order to reduce the efforts on the glass cavity, the plate holding the M1 mirror, and located
above the cell, is sustained by 4 stainless-steel bars directly screwed onto the connection
chamber (see Fig.5 for an overview). This rigid interface also allows for a reproducible
alignment even when the glass cell needs to be removed for any reason. In particular, it
keeps constant the distance between M1 and M2, as well as their relative positions. The
beams at the input and output ports are folded into the gas cell cavity via two flat folding
mirrors offering alignment in all degrees of freedom (rotations and translation). The optical
chief ray is shown in Fig.3.
The optics are designed to control and keep the beam waists in required ranges at the input
and output ports (here 4w criterion for the HIFI beams). They offer a 1:1 magnification,
allowing the system to be operated with any microwave detection system whose beam
properties would fit within the constraints of the gas cell optics. This versatile spectral source
can be interfaced to the HIFI detection chain in such a way that measurements can be
performed under vacuum conditions, cancelling thus the contribution from the line-of-sight
water lines over the whole operating frequency range, and reaching low noise temperatures
compared to open-air systems.
All mirrors are made out of glass, with a gold+epoxy coating of surface accuracy of order 0.1
microns (!), allowing use of the gas cell at wavelengths well below those of HIFI. The
interface windows isolating the gas sample from the connecting chamber are Mylar windows
50 microns thick.
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Fig.3: Optical chief ray from input throughout the output port of the gas cell. The shaded-blue
parts correspond to the optical path inside the gas cavity.
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5.3 Gas cavity
The gas cavity consists of a cylindrical volume made out of Borosilicate glass DURAN (VATEVAC). It is sealed to the connecting chamber and the top plate with seals made of
Teflon/Viton. It offers two pipes of either sides of the cavity (see Fig. 2). While the first serves
to fill in and empty the cavity and connect a pressure sensor for the gas volume, the second
one allows connecting a temperature sensor to the cavity. Fig. 4 shows a close-up picture of
those areas.

Fig.4: picture of the cell cavity, showing the two pipes for gas injection/removal (front pipe,
with gas pressure sensor) and temperature sensor insertion (back pipe). The two golden
mirrors of the Offner relay can also be seen on this picture.
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Since those pipe represent fragile connections to the cylindrical cavity, additional Inox
extensions to the pipes have been implemented to ensure robust connections with the other
pipes associated to the pumping circuit.
5.4 Connecting chamber
The connecting chamber provides the interface to the glass cavity, as well as to the other test
equipments connected to the input and output ports. These later interface is provided by
flanges of type DN63LF. It is made of aluminium and is held on three feet that can be
adjustable both in height and orientation (they can be seen on Fig.4). The chamber hosts the
two folding mirrors, as well as a tilted absorbing plate (aluminium coated with SiC+stycast)
ensuring that no standing waves are created via the back reflection of entering beam onto
the opposite side of the chamber. This is shown in Fig.5.

Fig.5: Left: side-view of the connecting chamber showing the two folding mirrors and the tilted
absorbing plate. Right: front-view from one of the entrance ports, showing the blockage
provided by the black absorber.
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Operations

6.1 Set-up
6.1.1 Introduction
The gas cell is used always in combination with the HIFI re-imager and a pair of external
hot/cold loads. The default is to use a dedicated hot/cold cryostat connected to the gas cell
input flange, and thus operated under vacuum as well. The cell is connected to a pump and
tube circuit allowing gas filling and emptying operations in an automatic or manual manner
(see thereafter). Fig.6 shows an overview of this setup.

Fig.6: overview of the gas cell setup. Shown here is the HIFI test cryostat, above which sits
the re-imager. The gas cell is connected to the re-imager via one its flange, while the other
flange is connected to the hot/cold source (golden cryostat).
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6.1.2 Pumps
The gas cell makes use of two pumps:
• One primary pump (ADIXEN-ALCATEL ACP 28) allowing to go down to about 0.1
mbar
• One secondary (Turbo) pump (ADIXEN-ALCATEL ATP 150) to achieve vacuum as
low as some 10-5 mbar.
6.1.3 Pipes/valves and pumping circuit
The pumping circuit is shown in Fig. 7. It makes use of 8 valves.
• 4 of them (V1, V2, V3, V4) are automatic electro-valves of the PVEK series (BOC
EDWARDS), of inox body. These are used for the automatic operation of the cell.
• The 4 others are manual valves, used at start and end of the gas cell operation
(vacuum and venting).
o 3 of them (V5, V6, V8) are of the “HV angle valves” (ADIXEN-ALCATEL), of
aluminium body
o the other one (V7) is a “three port butterfly valve” (ADIXEN-ALCATEL), of inox
body
A volume buffer is located between valves V4 and V3, allowing the gas to stabilize in
temperature are its injection from the (high-pressure) gas bottle into the circuit. Moreover, a
pressure reducer (AIR LIQUIDE, inox body) is used between the gas box and V4.
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Fig. 7: Schematic view of the pump and valve circuit (see text for details)
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6.1.4 External Hardware
The hot/cold black body source is described in the “Hot-Cold switch for HIFI ILT/AIV” report.
It consists of two trapping coated cavities at ambient and LN2 temperatures respectively,
which are selected via a rotating mirror.
The re-imager is used to put all HIFI beams at a common waist position and with a common
waist size (7.5mm 1w). This position corresponds to the interface between the gas cell and
the re-imager. Details about the re-imager can be found in hard copy in the test room (room
ZG50).
6.2 TEI
6.2.1 Valves
All 4 electro-valves can be commanded via SCOS using a dedicated TEI. A control box has
been design to allow both manual and automatic control (a switch allows permuting between
both usages). The following rules apply to the box:
• When switched to automatic use, the manual actuators have no effect on the valves
• When switching on the control box, all valves are closed
• In case of power failure on the control box, all valves should be commanded to closed
The following table summarizes the TC used to automatically command the valves.
TC name
HifiIltEgse_GAS_set_valve1
HifiIltEgse_GAS_set_valve2
HifiIltEgse_GAS_set_valve3
HifiIltEgse_GAS_set_valve4

TC code
IC054
IC055
IC056
IC057

Input parameters
Open or Closed
Open or Closed
Open or Closed
Open or Closed

The status of the valves is part of the gas cell House-Keeping (HK). It is called
GAS_valve_status. Also indicated is the value of the commanded valve status
(GAS_latest_cmd). It allows to check whether commanded and actual status agree (the TEI
checks any discrepancies between those two and raise an error packet if differences are
seen).
The TEI can issue various error codes (HK name GAS_errorcode) when it detects a
forbidden situation (see description in 6.5.2):
• GAS_man_change: Indicates that one or more valves where changed without
commanding the TEI. Becomes error when there is difference between
GAS_valve_status and GAS_latest_cmd. The error can be reset by making the
valve status equal to the command status with manual switching, or making the
command status equal to the valve status by using the TEI commands. Event report
will be send to SCOS with the event code 8
• GAS_press_lim. The pressure of sensor 1 (100mbar) is above 10 mbar. The valves
will be put in the following position (also in this order): close V3, open V1, close V4,
close V2. Event report will be send to SCOS with the event code 4. This check is
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done for each hk readout, thus when the pressure is above 10 mbar each second the
valve will be commanded, and there is an event packet also each second.
GAS_prohib_hk. Indicates that the TEI has red out a valve status which was not
allowed (this can only be possible when the control box is in the remote state). The
following valve status are not allowed:
o All 4 valve open simultaneously
o V3 and V4 open simultaneously.
When the state of the control box is change from manual to remote, the TEI will put
the valves in the following position: close V4, close V3, open V1, close V2. An event
with the event code 2 will also be send.
GAS_prohib_cmd. Becomes error when a command was sent to the TEI which
would result in a prohibited valve status. An event with the event code 1 will also be
send

6.2.2 Temperature/Pressure sensors
There are two temperature sensors (but only one is in use), and two pressure sensors
monitored under the gas cell HK packets. They can be found under APID 2025. Two other
pressure sensors are used and monitored from the pump read out unit.
The temperature sensor in use is a platinium sensor, with Teflon wires. It is connected to
input 1 and has HK name GAS_temp1. TBD: calibration of temperature (instruction in
fax, and use of PA/QA sensor for absolute reference).
The two pressure gauges offer two overlapping pressure coverages: from 100 mbar to 0.01
mbar (called GAS_press_1000, connected to output 1. Note: it was originally a 1 bar to
0.1mbar sensor, but was changed after the dry run of October 2006), and from 1 mbar to 10-4
mbar (called GAS_press_1, connected to output2). There are of the following types:
• Pirani/Penning (ADIXEN-ALCATEL) ACC series
• Capacitance gauges (ADIXEN-ALCATEL) ASD series
TBD: adjust pressure offset.
The following picture is a screenshot from the gas cell TEI HK.
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Fig. 8: example of gas cycle as monitored by the two pressure sensors (black: sensor 1, blue:
sensor 2) for methanol used around 2.2 mbar in the cell. The lower plots illustrate the speed
of the filling and emptying phases. The green line represents the mean pressure during each
of the filled cell phase.
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6.2.3 Other hardwares
The hot/cold switch is also commanded via TEI. It simply commands the rotation of the
internal mirror towards either of the loads. Note that this position is not calibrated at init, i.e.
when switching ON the TEI, it is assumed that the mirror is looking at the Hot load.
The re-imager TEI (under development) consists in a rotation and a translation table used in
order to align and focus the beam towards the mixer band of interest. The respective band
positions will be measured in advance and for each band, the setting to the optimum
positions will be given with respect to the end-stop. It thus requires a preliminary calibration
consisting in moving towards the end-stops of each table.
TC name
HifiIltEgse_GAS_set_hotcold

TC code
IC058

Input parameters
Hot or Cold

6.3 Gases
At the current stage, it is planned to operate the gas cell with the following gases:
• Methanol (CH3OH): the gas sample is contained as a liquid in a glass container
connected to V4. In this case, there is no pressure reducer.
• Acetonitrile (CH3CN): same principle as for methanol.
• Water (H2O) and others (HDO, H218O): same as methanol.
• 12CO and 13CO: available in bottles
• OCS: available in bottle
• (TBC) N2O.
For the liquid samples (methanol, water, acetonitrile), the pressure in the cell is entirely
determined by the sample temperature (which drives the vapour pressure in the sample) and
the volume ratio between the buffer and the cell cavity. For the bottle samples, the initial
pressure is adjusted by the pressure reducer at the output of the bottle, then the volume ratio
drives the final pressure in the cell as for the liquid. By design, pressure reducers are more
accurate at high pressures than at low pressures.
6.4 Installation of Hardwares
The gas cell hardware should always be installed in the presence of at least one person of
the gas cell team (see section 2). The following procedure applies to the installation of the
gas cell:
1. take the gas cell out of its box. Hold it via the stainless-steel bars screwed between
the top plate and the connecting chamber. Never hold the cell via the glass cavity!
It may jeopardize the alignment.
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2. Lay the cell on its lateral side to screw the three support feet. Be very careful with
the two lateral glass pipes on either side of the glass cavity. They should never
be touching the bottom when the cell is laying.
3. Lift the gas cell onto the plate on the support frame to locate the cell in front of the reimager input port.
4. Put the interface plate on the re-imager input port side (this plate now holds a Mylar
window). It should be located so that the two holes best match
5. Pre-adjust the support feet so that the cell flange reaches the re-imager input port
level
6. Stick the gas cell flange to the re-imager interface plate to check that the two
connecting parts are parallel. Adjust the feet again in order to optimize the parallelism.
7. Clamp the cell flange to the re-imager interface (see Fig. 8). Do this in an iterative
way, adjusting the feet step by step in order to avoid the cell being supported only by
the clamps, and having the feet “floating” in the air.
8. Repeat the above steps 5 to 7 for the external hot/cold switch. Be sure the mirror
looks at the hot load before closing the connection (as it is the expected status
when switching on the TEI).
9. Locate the pumping circuit below the frame supporting the cell and hot/cold source
(see Fig.6).
10. Connect the pipes to the gas cell, ensuring that the T-connectors are held by the bar
screwed above the top plate of the gas cell (see Fig.6). Be very gentle with the two
lateral pipes of the cell. Screw the T-connectors at last.

Fig.9: close-up view of the connection between the gas cell flange and the re-imager
interfaceplate.
6.5 Operational sequence
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6.5.1 Standard operations
Initialisation: To be done manually
1. Initial state at starting point: V1, V2, V3, V4 closed, V5 open, V6 closed.
2. Evacuation by HIFI pumping systems. Now that the re-imager is isolated via the
Mylar window, the re-image pump cannot directly be used to pump the cell
simultaneously. There must be an additional pump to be connected to the
hot/cold cryostat. Be very careful that at this stage, the pressure must be the same
(i.e. the pumping totally simultaneous) in both chambers of the gas cell, the hot-cold
source, as well as in the re-imager, this to avoid big pressure changes on either sides
of the windows, which would turn into deformations, and possibly degradation.
3. When pressure of order mbar, switch on of gas cell pumps.
4. Waiting time about 2min
5. Empty gas line during 30s (V8 and V7 open)
6. End of sequence (close V8).
7. Isolate upper/lower gas cell parts (close V5). At that stage the connecting chamber
must be pumped in combination with the hot-cold source cryostat.
8. high vacuum venting of gas cell 30s (open V1, then V2)
9. high vacuum venting of gas line 5mn (open V3, V2 being still open)
10. Initialisation gas line valves: switch on automatic operation.
11. Manually open manometer to desired pressure (ensure V4 is closed !)
Operating sequence:
1. Waiting time Y seconds and measurement of reference
2. Closing of gas input valve (close V3)
3. Opening of gas transfer line X seconds (open V4)
4. Closing transfer line (close V4)
5. Opening of gas input valve (open V3)
6. Measurement of cell with gas
7. Opening of primary evacuation 8 seconds (open V1)
8. Closing of primary evacuation (close V1)
9. Opening of secondary evacuation (open V2)
10. Goto # 1 and repeat loop
End of use, venting operations : To be done manually
1. Manually close gas bottle, or similarly, close liquid sample evacuation valve.
2. Evacuate gas transfer line (open V8), then close V8 when done. If necessary (i.e.
pressure high), use primary instead of secondary (close V2 and open V1).
3. Evacuate manometer (open V4 and V3).
4. Close manometer
5. Closing of primary evacuation (close V1)
6. Opening of secondary evacuation (open V2)
7. Closing of all connecting valves
8. Connect upper/lower parts (open V5)
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9. Switch off gas cell pumps
10. HIFI bench venting
6.5.2 Forbidden situations/failure scenarios
The following list gathers all kinds of forbidden situation. They should be handled by the TEI
(at least when operated in automatic mode, AM, see also 6.2.1):
• Never open simultaneously V3 and V4
• The pressure in the manometer before V4 must be kept at P1 < 200 mbar at
initialisation, unless wanted externally (i.e. out of the automatic mode AM)
• If the pressure into the cell exceeds P2 ~ 10 mbar (the pressure is read every
seconds), then V3 should be closed, followed by the opening of V1 and the closing of
V4, followed by the closing of V2 (as the valves are closed sequentially). The
protection of the HIFI system is achieved by closing V3 and opening V1, then closing
V4. The protection of the gas cell pumping system is done by closing V2 once the
previous sequence was performed.
6.5.3 Failure scenarios
If a power failure occurs on the valves, they should be all closed.
If a power failure affects the pumps, the system should stay under static vacuum, provided a
blind flange is added to the actual mixing entry on top of the primary pump (still to be
implemented).
If the cell window Mylar foils break, a volume of about 10 liters (depending on the exact
configuration) will enter into the connecting chamber and the hot-cold switch. The gas will
freeze on the cold plate of the hot-cold. Still, as long as the re-imager Mylar foil has resisted
the event, no gas will enter the HIFI re-imager.
If after the event described above, the re-imager Mylar foil breaks, the volume in the whole
cell system and hot-cold is able to go into the HIFI re-imager, at pressures below 10 mbar
and will be diluted by a factor of about 1000 given the volume of the re-imaging system.
There is a chance though that the cold plate of the hot-cold has already acted as a cold
finger, freezing out a significant fraction of the sample.
If both the Mylar foils and the cell break, the atmospheric pressure enters into the system.
Again, the consequences on the instrument dependent on whether the Mylar foil at the reimager input port has resisted or not the event.
6.6 Data analysis
We describe here in more details some of the principles of the side-band ratio measurement.
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In a given LO (Local Oscillator) and mixer bias-setting, the side-band ratio measurement is
based on the comparison of two signals taken successively through a filled and an empty
cell. The measurements are performed against hot and cold loads, and the differential signal,
if done fast enough, should be free from system noise contribution. The frequency range is
chosen such that an absorption line affects only one of the side-bands and can be compared
to the absolute continuum level. The following equations illustrate the basics for the ratio
derivation and allow assessing the accuracy of a measurement. We assume that an
absorption line (of opacity τ) is seen in the lower side-band, while the spectra in the upper
side-band are not affected by any spectral feature. The differential measurements are then
respectively:

S filled = Gu ( J hot − J cold ) + Gl ( J hot − J cold )e−τ
and

Sempty = Gu ( J hot − J cold ) + Gl ( J hot − J cold )
where Gu and Gl stand for the upper and lower side-band gains respectively, including all
transmission elements along the optical path, and Jhot and Jcold are the effective (RayleighJeans) hot and cold load temperatures of a black body of temperature T and frequency υ.
Using the measurements described above, the side-band ratio is finally given by:

RG =

1 − S filled / Sempty
Gl
=
Gu S filled / Sempty − e −τ

The opacity needs to be accurately known, unless the line is saturated (high τ), in which case
RG simply writes Sempty/Sfilled - 1. Typically, a side-band ratio of unity would be observed for
Sempty/Sfilled = 0.5 at the line peak position, i.e. an absorption line of half the continuum level in
a normalized spectra.
Fig. 9 gives a schematic view of how these two measurements look like, as well as their
combination.
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Fig. 10: Principles of the side-band ratio measurement. Top-left: illustration of the respective
LSB and USB responses measured against an empty cell. Top-right: result of the DSB
measurement towards the empty cell. Bottom-left: illustration of the respective LSB and USB
responses (with gains Gl and Gu respectively) measured against a filled cell featuring a
saturated line in the USB only. Bottom-right: result of the DSB measurement towards the
filled cell. The relative depth of the absorbed line is a direct measure of the side-band gain
ratio.
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