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We have developed and characterized a heat pipe for lithium spectroscopy, which is cooled
only by air-convection, although its operating temperature is 330 ◦ C: its construction is simple,
of moderate cost and it is very reliable. A thermal model proves that heat-pipes without water cooling can be used up to considerably higher temperatures. © 2013 AIP Publishing LLC.
[http://dx.doi.org/10.1063/1.4826083]
Heat pipes were initially developed as heat conduction
devices.1, 2 In 1969, Vidal and Cooper applied heat pipes to
spectroscopic studies:3 it is thus possible to produce an atomic
or molecular vapor in the central part of a heated tube terminated by water-cooled windows which are protected against
vapor condensation or chemical attack by an inert buffer gas.
The vapor condenses on a mesh placed in the pipe and capillary forces transport the liquid back to the evaporation zone.
Many spectroscopic heat pipes have been built following this
design4 and a complete review exceeds the scope of this note.
Their popularity is proved by efforts of cost minimization5
and by their use in education.6
When a laser must be locked on a lithium transition, a
lithium heat pipe is the most common choice,7–11 because
glass cells suffer from chemical attacks at the temperatures
needed to reach a sufficient vapor pressure. Another method
is to lock an auxiliary laser on a molecular iodine transition
lying close to the lithium D lines and to measure the frequency
beat with the laser resonant with lithium. Molecular iodine offers a large manifold of transitions in the 500–700 nm range12
and, usually, a favorable transition can be found close to the
required laser frequency: for instance, Huang et al.13, 14 used
an iodine line at about 6 GHz of the D1 -line of 7 Li and they
achieved a high frequency stability of the laser locked on the
iodine line.
Heat pipe windows are traditionally water-cooled, with
the risk of water leaks on an optical table covered by many
expensive components. We describe here a lithium heat pipe
operating at THP = 330 ◦ C, cooled only by air convection. We
present a saturated absorption spectrum of lithium D2 -line
recorded with this heat pipe. Finally, we describe a simple
thermal model which explains where heat is dissipated and
which can be used to extrapolate this design to higher temperatures.
Fig. 1 shows a technical drawing of our heat pipe, which
is built with common UHV components: DN35CF stainless
steel flanges are soldered on a stainless steel tube (external diameter d = 38 mm, wall thickness e = 1.5 mm). The flanges
are sealed by DN35CF glass windows with copper gaskets.
Its overall length is 330 mm. The 110 mm-long central part
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is heated by a 2.5 m-long 2 mm-external diameter, thermocoax heating element, with two oppositely wound layers, in
order to minimize the magnetic field. The mesh, placed inside
the middle part of the tube, is a 200 mm long sheet cut in a
stainless steel wire grid with a 90 μm period.
After a thorough cleaning of the pipe and of the mesh, we
introduce about 1 g of pellets of natural lithium on the mesh
and we evacuate the heat pipe by a turbomolecular pump connected through the 4 mm internal diameter stainless steel tube
(see Fig. 1). We then introduce argon as a buffer gas at a pressure near 0.2 mbar and we close the valve (HOKE model
7155). During the first operation, a temperature near 400 ◦ C
is needed to break the oxidized shells of the pellets. The usual
operating temperature, THP = 330 ◦ C, is reached with a power
P = 60 W (I = 3 A and V = 20 V). At this temperature,
lithium vapor pressure and density are p ≈ 10−5 mbar and
n ≈ 1011 atoms/cm3 .16 With a room temperature T0 ≈ 24 ◦ C,
we measured the windows temperature to be near 31 ◦ C. With
the help of a diffusion model,15 we estimate the thickness of
the lithium layer deposited on the windows to be of the order
of 2 nm/year, which is negligible.
We use our heat-pipe in a traditional saturation spectroscopy set-up to frequency lock lasers on one lithium transition. A linearly polarized and phase modulated laser beam
(Toptica DL100, pump beam with a waist w0 = 3 mm, 1 mW
power, modulation frequency about 5 MHz), is sent through
the heat pipe, pass through a density filter, a quarter-wave
plate and is reflected by a mirror. The attenuated outgoing
beam (probe beam), which is orthogonally polarized with
respect to the incoming pump beam, is reflected by a polarization cube and sent to a photodiode. After demodulating the
electrical signal, we obtain the derivative of the saturated absorption spectrum, which is used as an error signal and we
obtain a laser frequency jitter less than 0.5 MHz.
Fig. 2 shows a typical spectrum of the D2 line of 7 Li
2
( S1/2 , F = 1, 2 → 2 P3/2 , F = 0, 1, 2, 3) at λL = 671 nm,
with a Doppler-generated level crossing, clearly visible in the
middle of the two main lines. On the FM spectroscopy, the
peak-to-peak frequency is 18 MHz comparable to the hyperfine splitting of the 2 P3/2 state (18.3 MHz17 ). We have also
observed the D1 line of 7 Li and D2 line of 6 Li. For the D1 line
of 7 Li, the hyperfine transitions are well resolved and the lines
can be well fitted by the derivative of a Lorentz profile, with a
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FIG. 1. Scale drawing of our heat-pipe and its support. The heat is conducted
by two thick holders to three heat sinks, the base plate and two electronics
heat sinks. The base plate area is about 460 cm2 and each finned heat sink
has a total area close to 400 cm2 .

measured Lorentz width equal to 29 MHz. The Lorentz width
of each hyperfine components should be equal to /2π = 5.9
MHz but there are several sources of line broadening: laser
saturation, with a maximum power density of 3.5 mW/cm2
and a saturation intensity 2.6 mW/cm2 ,18 broadens the line
width to 9 MHz; Zeeman effect due to the local Earth field
contributes for about 1.5 MHz and the magnetic field due to
the heating element has a negligible effect; finally collision
broadening by argon gas19 should induce an additional broadening near 3 MHz. We think that the dominant contribution
to the observed line width is collision broadening by gases
produced by outgassing of the heat pipe walls. Typical broadening rates being 10−20 MHz/mbar, a pressure of about 1
mbar is sufficient to explain the observed width.
We have estimated the various heat fluxes, by describing
the system as a network of thermal resistances connecting the
heat source at temperature THP to the heat sinks which are the
surrounding air and the optical table, both at room temperature T0 . We must consider heat transfer by conduction and
by air convection. As the heat pipe is symmetric, the network
represents only one half of it (see Fig. 3). In the case of conduction, we approximate the thermal resistance R of the different elements by the equation R = L/(κS), which is valid for
a bar of length L, section area S (when the shape is not a bar,
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FIG. 3. The network of thermal resistances representing the heat flux of one
half of our heat pipe (in grey, conduction resistances and in green convection
resistance). The values used in our model are given in Table I. THP , THS , and
TBP are the temperatures of the heat pipe, of the heat sink, and of the base
plate, respectively.

we use approximate values of L and S). The thermal conductivity κ is taken equal to κ ss ≈ 16 W/(K m) for stainless steel
and κ al ≈ 134 W/(K m) for aluminium alloy.20
Heat dissipation by convection is proportional to the temperature difference and to the area Sext of the external surface.
The thermal resistance is given by Rconv = 1/(hconv Sext ). The
value of the coefficient hconv depends on the geometry and
on the air motion, with values ranging from hconv = 5 to 25
W/(K m2 ).21 We neglect the temperature gradients in the base
plate and in the electronics heat sinks, because of their high
thermal conductivity. For the heat pipe, if we assume a linear temperature gradient, the thermal resistance is given by
Rconv,T = 1/(2hconv Sext ) and the validity of this approximation is discussed in the supplementary material.15
The total thermal resistance, which determines the heating power, depends on the coefficient hconv which is not well
known and we have chosen hconv ≈ 15 K/(W m2 ) to match the
total thermal resistance (see Table I for the used thermal resistances). The calculated temperatures of the upper heat sink,
THS = 49 ◦ C and of the base plate TBP = 37 ◦ C, are in reasonable agreement with their measured values THS = 43 ◦ C
and TBP = 36 ◦ C. We have not tried to extend our model to
predict the window temperature because of the complexity
of the flange assembly. Our model tells us where the power
is dissipated: 88% by air convection (53% directly from the
tube, 28% through the electronics heat sinks, 7% through the
base plate), and 12% by transfer to the optical table, a fraction
which can be easily reduced by using low-conduction spacers.
It may be very interesting to reduce the heating power
for the same heat pipe temperature or to reach higher temperatures with a similar power. The simplest way is to reduce the pipe diameter because Rcond, T and Rconv,T , which
dominate the equivalent resistance of the network are both
TABLE I. Thermal resistances in K/W used in our model.
Resistance

FIG. 2. (Upper panel) Doppler-free saturated absorption signal of lithium D2
lines. The lower panel shows its derivative. The total scan time is 20 ms.

K/W

Rcond, T

Rconv,T

RH

RSp

RBP

RHS

21

20

0.14

0.9

3

1.8
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inversely proportional to this diameter: for instance, with a
16 mm-external diameter tube having the same 1.5 mm-wall
thickness (a pipe commonly used with DN16CF flanges), the
heating power will be reduced by a factor 2.4. Another possibility is to use a longer thermally insulated pipe: insulation
will reduce the power lost by air convection from the tube and
a longer tube will reduce the power transferred to the holders,
in order to keep their temperature rather low. By combining
these possibilities, with a power below 100 W, it is possible
to reach a temperature THP ≈ 800 ◦ C, sufficient to work with
magnesium or barium.
In this paper, we have described a lithium heat pipe operating at a temperature THP = 330 ◦ C, sufficient for atomic
spectroscopy of lithium, as illustrated by a saturated absorption spectrum of 7 Li D2 line. This heat pipe is cooled solely
by air convection, which prevents the risk of water leaks on
an optical table and which also saves water. The construction
of this heat pipe is simple and of moderate cost. The thermal
model we have developed tells us the fraction of the heating power transferred to the optical table. This model can be
used to extrapolate this design for an operation at higher temperatures and, after design optimization, a temperature THP
≈ 800 ◦ C is feasible with a heating power near 100 W, still
without water cooling. We have also developed a model to describe lithium diffusion toward the windows and we find that,
in agreement with experiment, the thickness of the lithium
layer deposited on the windows is negligible.
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