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Peculiarities of Fluorescence of Rb Atomic Vapors Contained in a cell

with an anti-relaxation coating
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The features of the fluorescence spectra of Rb D1-line vapors were studied for the first time using a cell with

anti-relaxation PolyDiMethylSiloxane (PDMS) coating. At high intensities (> 200mW/cm2) of a cw narrow-band

diode laser in the transmission spectra due to the effect of optical pumping, there are no absorption lines at atomic

transitions, while in the fluorescence spectrum, all 8 atomic transitions of the D1 line are pronounced. A strong

redistribution of fluorescence intensity is registered for atomic transitions of 85Rb and 87Rb: in particular, the ratio

of fluorescence amplitudes for transitions of 87Rb Fg = 1 → Fe = 1, 2 in a regular cell is 5, while for a PDMS

cell it is equal to 1.5. A physical explanation of the observed features of fluorescence in a PDMS cell is given.

A significant increase of fluorescence intensity and a change in redistribution at the transitions with increasing of

the PDMS cell temperature is demonstrated. It is noted that at large intensities of laser radiation (when there

are no peaks on the transmission/absorption spectra of atomic transitions), fluorescence spectra remain the only

convenient and informative tool for studying the behavior of atoms.

Keywords: Rubidium atoms, alkali metals, antirelaxation coating, optical pumping, absorption and fluorescence

of atomic vapors.
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Introduction

Vapor of alkali metal atoms enclosed in glass, quartz, and

sapphire cells are widely used in laser physics [1]. This

is due to strong atomic transitions in the near-IR region,

with availability of lasers with good parameters, and the

ease of obtaining large atomic densities. Therefore, work

continues on cell modernization. For example, cells with

vapor column thicknesses of several hundred of nanometers

have been shown to be a convenient tool for studying atomic

transitions, particularly in strong magnetic fields [2,3]. To

exclude inelastic collisions of atoms with cell walls, which

leads to atom spin randomization due to atom-surface

collisions, anti-relaxation organic coatings are applied to

the cell walls. In this case, the 〈S · I〉 operator gives

the main contribution to the spin dynamics [4–8]. In

other words, thanks to organic coatings such as siloxane,

paraffin or polydimethylsiloxane (PDMS) films, the 〈S · I〉
operator does not change in time for tens of seconds or

more [9]. Because of their remarkable spin conservation

properties, organic coatings have been successfully applied

in magnetometry, laser cooling, atom capturing, coherent

processes, etc. [10–14]. It has been found in [15–18] that the
anti-relaxation coating also accumulates significant amounts

of alkali metal atoms, which can be easily released by non-

resonant blue or violet light due to a process called light-

induced atomic desorption (LIAD).
In work [19], it is shown that the use of a PDMS-coated

cell strongly modifies the spectrum of electromagnetically

induced transparency (EIT) resonances in vapor of Rb

atoms in a magnetic field. Two of the four EIT resonances

show a decrease in absorption, while the other two show

an increase in absorption. In an uncoated cell, all four EIT

resonances show a decrease in absorption.

In work [20], it was shown that in the presence of

organic coatings of paraffin or PDMS deposited on the cell

walls, the absorption spectra of Rb vapor line D2 register
the redistribution of the population created by optical

pumping. In particular, deformation of absorption profiles

and frequency shift of peak amplitudes were observed, and

these changes are strongly dependent on the speed and

direction of laser frequency scanning. It was shown that the

coated cell significantly exhibited hyperfine optical pumping

when the laser intensity was increased, leading to a decrease

in absorption at atomic transitions by a factor of tens.

In common cells with alkali metal vapor, the absorption
and fluorescence spectra are almost identical [21]. The

difference between these spectra was recorded only for

cells having a nanometer thickness in the direction of laser

radiation propagation [22]: the spectral absorption width

reaches a minimum value at L = (2n + 1)λ/2 (where n —
an integer, λ — the wavelength of the laser radiation with

a frequency resonant to the corresponding transition), while

the spectral width of fluorescence reaches a minimum value
at L = λ/2 and increases monotonically with increasing L
up to the Doppler width at L ∼ 5µm.

In the present work, the fluorescence (FL) spectra of

the Rb vapor D1 line using a PDMS-coated cell were

investigated for the first time and a significant difference

with the absorption spectrum was registered.
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Figure 1. Experimental scheme for recording the absorption

and FL spectra of a PDMS cell: ECDL — tunable diode laser

λ = 795 nm, FI — Faraday insulator, 1 — 8mm PDMS coated

cell, 2 — additional Rb cm cell, 3 — FD-24K photodiodes, 4 —
Tektronix TDS 2024C Oscilloscope

1. Experiment

Fig. 1 shows the experimental scheme for recording the

absorption and fluorescence spectra of the PDMS-coated

cell. We used an extended cavity diode laser (ECDL)
with a wavelength of 795 nm, spectral width of ∼ 1MHz,

and a beam diameter of 1.5mm. The scanning frequency

of the laser was fixed at 50Hz. Faraday FI isolator

was used to prevent feedback. Laser radiation with a

power P between 10µW−10mW was directed to an 8mm-

glass cell (1) coated with PDMS, filled with Rb vapor,

which was at room temperature. Optical emissions were

detected by photodiodes (FD-24K (3), whose signals were

amplified and fed to a Tektronix TDS2014B (4) four-

channel oscilloscope. Photodiodes simultaneously recorded

the radiation and FL passing through the cell. A large usable

aperture of 10mm diameter makes it convenient to register

fluorescence laterally with the FD-24K photodetector, which

is located close to the cell. To form a frequency reference,

part of the laser radiation was directed to an additional

cell (2) filled with Rb vapors, whose absorption at the

1, 2 → 1′, 2′ transitions of the 87Rb atom and 2, 3 → 2′, 3′

atom 85Rb (Fig. 2) served as a frequency reference. In some

cases, a nano-cell (NC) filled with Rb atom vapor with a

vapor column thickness of L ∼ 400 nm was placed instead

of the (2) cell to form the frequency reference.

2. Results and discussion

In Fig. 3, the upper curve shows the FL spectrum of Rb

vapor in a conventional cell L = 2 cm, P = 1mW. Since

the Doppler width of atomic transitions is ∼ 500MHz,

and the frequency distance between transitions 85Rb is

362MHz, they is no frequency separation. The top inset

shows the fitting of transitions 85Rb by Gaussian curves

for transitions 2 → 2′, 3′ with the relative probabilities

shown in Fig. 2. The ratio of peak amplitudes of FL

atoms 85Rb for transitions A(2−3′)/A(2−2′) = 3.5, and

the ratio of peak amplitudes of FL atoms 87Rb for transitions

A(1−2′)/A(1−1′) = 5. These ratios are given to compare

these values in the case of a PDMS-coated Rb cell.

In Fig. 3, the bottom curve shows the FL spectrum of

a nano-cell filled with Rb atom vapor with a vapor column

thickness of L ∼ 400 nm (NC heated to 110◦C, P = 5mW).
As shown in [2], the use of NC allows a significant reduction

in the Doppler broadening of atomic transitions, which

allows their frequency separation. The main reason for the

constriction is that the greatest contribution to absorption

is made by atoms flying parallel to the NC walls and
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Figure 2. Diagram of levels and transitions for Rb atoms for the

line D1, transitions 5S1/2−5P1/2, taking into account the hyperfine

splitting of ground and upper levels (upper levels are marked with

strokes). The arrows indicating the transitions are marked with

their relative probabilities.
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Figure 3. Upper curve — the FL spectrum of Rb vapor in a

conventional centimeter cell, P = 1mW. In the upper inset —
fitting of transitions 85Rb by Gaussian curves for transitions

3 → 2′, 3′ . FL peak amplitude ratio A(2−3′)/A(2−2′) = 3.5,

FL peak amplitude ratio 87Rb A(1−2′)/A(1−1′) = 5. Bottom

curve — FL spectrum from NC with Rb vapor with vapor column

thickness L ∼ 400 nm, NC heated to 110◦C. The use of NC allows

the narrowing of atomic transitions and their frequency separation.
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perpendicular to the direction of laser radiation propagation

k (where k-wave vector). For such atoms, the Doppler shift

in the frequency of atomic transitions is small. At the same

time, atoms flying along the laser radiation propagation k

experience inelastic collisions with the NC walls (the
transit time to the walls for atoms with average thermal

speed is only a few nanoseconds) and are nonradiative at

the lower levels of 87Rb, Fg = 1, 2 and 85Rb, Fg = 2, 3.

Consequently, the conditions for the atoms in the NC and

in the anti-relaxation coated cell are diametrically opposite.

It is also important to note that in the case of NC, the

atomic transition amplitudes 87Rb 1, 2 → 1′, 2′ and 85Rb

2, 3 → 2′, 3′ correspond well to the relative probabilities

shown in Fig. 2.

Fig. 4 top curve 1 shows the FL spectrum of Rb

vapor in a PDMS cell, laser power P = 4.9mW, intensity

I = 220mW·cm−2 (saturation intensity for atoms 87Rb and
85Rb is ∼ 4.5mW/cm2 [23]). The result is quite unexpected,
because in the transmission (absorption) spectrum shown

on the middle curve, there are no atomic lines at the

transitions of atoms 87Rb, 85Rb, but there is absorption

(without substructure) at several percent level. The results

for the transmittance spectrum agree with the results of [20],
which also used a PDMS-coated Rb cell and in which

the effect of hyperfine optical pumping began to appear

as the laser intensity increased. Resonant laser radiation

transfers atoms from, the first ground level to the upper

excited levels, from which atoms spontaneously move to

the second ground level. Since the frequency distances

between the ground levels are quite large — 3 and 6.8GHz

respectively for the atom 85Rb and 87Rb (Fig. 2) — the

laser frequency is no longer in resonance with the atomic
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Figure 4. The upper curve (1) —the FL spectrum of Rb vapor

in the PDMS cell, P = 4.9mW, I = 220mW/cm2 . In the inset —
fitting of transitions 87Rb by Gaussian curves for the ratio of

amplitudes FL A(1−2′)/A(1−1′) ∼ 2.2; the middle curve (2) —
the transmission (absorption) spectrum, where the atomic lines at

the 87Rb, 85Rb transitions are missing. The bottom curve (3) —
the reference (reference) — the transmission spectrum of a normal

two-centimeter Rb cell.
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Figure 5. The upper curve — FL of Rb vapor in PDMS

cell, P = 8.5mW, I ∼ 380mW/cm2 . The inserts — fitting the

transitions 85Rb and 87Rb by Gaussian curves for the transitions

2 → 2′, 3′ and 1 → 1′, 2′. Ratio of peak amplitudes of FL

atoms 85Rb A(2−3′)/A(2−2′) ∼ 1.14, ratio of peak amplitudes

of FL atoms 87Rb A(1−2′)/A(1−1′) ∼ 1.5.

transition from the second level. This results in tens of

times lower absorption at atomic transitions at high laser

intensities. This phenomenon is called optical pumping

(OP) [21,24]. At high laser intensities (Fig. 4.), there is

a strong deformation of the 85Rb, 87Rb spectra profiles

compared to the reference spectra (lower curve) and a

frequency shift of peak amplitudes (dashed vertical lines

show the unbiased position of peak amplitudes 85Rb). The
inset shows the fitting of transitions 87Rb by Gaussian curves

for transitions 1 → 1′, 2′ . The ratio of the peak amplitudes

of FL atoms 87Rb for transitions A(1−2′)/A(1−1′) ∼ 2.2

(from the diagram shown in Fig. 2, this ratio should be 5).
There is also a change in the FL peak amplitude ratio

of the atoms 85Rb for the transitions 2 → 2′, 3′, which is

evident in the FL spectrum at higher laser intensity, shown

in Fig. 5. Changing the ratio for the atomic transition

amplitudes leads to a frequency shift of the peak envelope

amplitudes, which is observed better for 85Rb atoms, since

the frequency distance between transitions (362MHz) is

significantly smaller than for 87Rb.

The OP efficiency [24] process is determined by the

expression

η ∼
�2γNt

(1 + kv)2 + Ŵ2
, (1)

where � = Ed/h — Rabi frequency, E — electric field

of radiation, d — dipole moment, t — interaction time of

radiation with atom, kv — Doppler shift, 1 — frequency

shift from resonance, Ŵ is the sum of homogeneous

and inhomogeneous broadenings. The Rabi frequency

(with nice accuracy) can be determined from the expression

�/2π = γN(I/8)1/2 [25] where I laser intensity expressed

in mW·cm−2, γN as in formula (1) — radiation width
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of excited state. As can be seen from formula (1), the

OP efficiency is strongly dependent on the Rabi frequency,

i. e., on I . At small I ∼ 1mW·cm−2 the OP process

is virtually absent, and the transmission spectrum of the

PDMS cell repeats that of an uncoated cell —the lower

reference curve 3 in Fig. 4. Formula (1) shows that the

longer the interaction time t, the higher the OP efficiency.

This is confirmed by work [20]: decreasing the scanning

frequency of the laser frequency down to a few Hz led to

a decrease in absorption at atomic transitions by a factor

of ten compared to the case when the scanning frequency

was large. The FL process has not been investigated in

work [20] and, to our knowledge, there is only one paper

that has investigated the FL damping time in a cell with

a carefully prepared [26] surface prior to coating. In

Fig. 5, the upper curve shows the FL spectrum of Rb

vapor in the PDMS cell, laser power 8.5mW, intensity

∼ 380mW/cm2; the transmission spectrum is similar to

the transmission spectrum in Fig. 4 (curve 2), that is

there are no atomic lines at transitions of atoms 87Rb,
85Rb, while there is absorption (without substructure) at

several percent level (transmission spectrum in Fig. 5 is

not shown). With increasing laser intensity, there is a

stronger deformation of the 85Rb and 87Rb spectra profiles

compared to the reference spectra (bottom curve), and

there is a significant frequency shift of 200−250MHz peak

amplitudes relative to the dotted line, which shows an

unbiased position. The insets show the fitting of transitions
85Rb and 87Rb by Gaussian curves for transitions 2 → 2′, 3′

and 1 → 1′, 2′ . The ratio of peak amplitudes of FL atoms
85Rb for transitions A(2−3′)/A(2−2′) ∼ 1.14 (according
to the diagram of Fig. 2 should be 3.5), and the ratio of

peak fluorescence amplitudes of atoms 87Rb for transitions

A(1−2′)/A(1−1′) ∼ 1.5 (according to the diagram of Fig. 2

should be 5). A change in the ratio for the amplitudes

of atomic transitions leads to a frequency shift in the

peak amplitudes of the envelopes. Since for the marked

transitions 85Rb (87Rb), the lower level is the same Fe = 2

(Fg = 1), its population increase or decrease due to the OP

presence, occupation of upper levels Fe = 2, 3 (Fe = 1, 2),
from which FL occurs, and the ratio of their amplitudes

should not have changed, while FL increases stronger from

the level below, Fe = 2 (Fe = 1). A possible explanation for

the FL features is as follows.

A feature of Rb atoms (compared to other alkali metal

atoms) is the presence of quasi-resonance during two-

photon excitation by the same photons with λ = 795 nm

at the 5S−5D3/2 [27,28] transition. Since the ionization

energy of the Rb atom is 33 690 cm−1 [22], and the

photon energy with λ = 795 nm is 12 580 cm−1, three

photons energy is sufficient for ionization (the presence of a

two photon resonance increases the ionization probability).
The work [29] shows that the 5D level can also be populated

by an effect called energy pooling, whereby of two excited

atoms at the 5P level, one atom goes to the excited 5D
level after collision, while the other is at the lower 5S level.

Since the energy of the level 5D3/2 is 25700 cm−1, one

photon with λ = 795 nm is sufficient for the subsequent

one-photon ionization. In work [30], the ionization of Rb

atoms during two-photon resonance was investigated using

a dye laser by detectable photoionization current. The Rb

ion formed as a result of ionization captures a free electron

and recombination occurs, as a result of which, the atom is

at the upper excited levels. Fig. 6 shows a diagram based on

the results of the work [27,28], showing with arrows how

the level 5P1/2 can be populated by spontaneous decay from

above levels nS1/2, where n = 6, 7, 8, 9, and nD3/2, where

n = 6, 7, 8. A thin 2mm-glass Rb-cell heated to 160◦C was

used. At this temperature, the Rb atoms begin to displace

the silicon atoms from the glass (SiO2), which precipitate

on the inner surface of the cell, causing its windows to

darken. It is important to note that in [27,28] emission

wavelengths in the 400−900 nm range were recorded at

the transitions of Rb atoms to the 5P1/2 level, from which

fluorescence occurs. The same authors recorded blue

radiation (in Fig. 6, marked with b) with λ = 422 nm,

transition 6P1/2 → 5S1/2, indicating that the 5D level (from
which one-photon ionization of the atom can also take

place) is populated with a further transition of the atom

to the 6P1/2 level. From work [27], it follows that in some

cases the level 5P1/2 is populated by transitions from the

upper levels nS1/2 and nD3/2 better than the level 5P3/2

located above, which could also be an explanation for the

fact that the fluorescence from the lower levels of the atoms
85Rb Fe = 2 and 87Rb Fe = 1 increases more strongly.

The above mentioned mechanism of FL occurrence is

also indicated by the fact that FL from the PDMS cell is

several times less than from the conventional Rb cell under

the same conditions, since the number of ionized Rb atoms

can be no more than 20−30% of the total number of atoms

participating in the settlement of the 6P1/2 level by direct
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Figure 6. Diagram of the Rb atom levels, based on the results

of [27,28]. The atomic levels are not to scale. Only those levels

are given that are necessary to explain the 5P1/2 level settlement

from which fluorescence (FL) occurs. The energy of the atomic

level (33 690 cm−1), above which ionization occurs (marked on

the ioniz diagram).
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Figure 7. Curves 1, 2 and 3 – the spectra of FL at tem-

peratures 20, 35 and 45◦C, respectively. The FL intensities at

atomic transitions are redistributed: in the inset — fitting of

transitions 87Rb by Gaussian curves for transitions 1 → 1′, 2′ .

FL peak amplitude ratio 87Rb A(1−2′)/A(1−1′) ∼ 2.5, at room

temperature ratio 1.5.

absorption from the main lower levels in the conventional

Rb cell. Nevertheless, we do not exclude the presence of an

additional mechanism for populating the 5P1/2 level in the

PDMS cell with the subsequent FL.

The dependence of FL in the PDMS cell on temperature

was investigated. The 1, 2 and 3 curves in Fig. 7 show the

FL spectra at temperatures 20, 35, and 45◦C, at which the

Rb atomic density is ∼ 4 · 109, 2 · 1010, 9 · 1010 cm−3, re-

spectively. Note, that the FL intensities at atomic transitions

are redistributed as the density increases: the box shows the

fitting of the transitions 87Rb by the Gaussian curves for

the transitions 1 → 1′, 2′. The peak amplitude ratio of FL

atoms 87Rb for transitions A(1−2′)/A(1−1′) ∼ 2.5, while

in the PDMS cell at room temperature (Fig. 5), the peak

amplitude ratio was 1.5. This is due to the fact that as

the density of atoms increases due to Rb−Rb collisions, the

atoms speed in the cell decreases up to the diffusion rate at

high densities [23], therefore, the atoms
”
feel weaker“ the

cell walls and the presence of a coating on them.

Since coated cells are currently in active use [18], we

hope that the above research will be useful.

3. Conclusion

To suppress inelastic collisions of atoms with cell walls,

cells with anti-relaxation organic coatings on the inner walls

are now widely used. In the work, we investigated the

peculiarities of the Rb vapor fluorescence spectra of the

D1 line using a PDMS-coated cell. In common cells filled

with alkali metal vapor, the absorption and fluorescence

spectra are almost identical. In the work, it is shown that

in the PDMS cell in the transmission spectra of intense

(> 220mW/cm2) laser radiation due to the effect of optical

pumping of Rb atoms, the D1 absorption lines at atomic

transitions are almost absent, while in the fluorescence

spectrum, all 8 atomic transitions D1 lines are strongly

pronounced. A physical explanation for this difference

in spectra is given. The FL spectrum registers a strong

redistribution of intensity at atomic transitions 85Rb and
87Rb: thus, the ratio of peak fluorescence amplitudes of

atoms 85Rb for transitions 2 → 2′, 3′ (for 87Rb, 1 → 1′, 2′)
in a normal cell is A(2−3′)/A(2−2′) = 3.5 (for 87Rb is

the ratio 5̃), and in PDMS-cell A(2−3′)/A(2−2′) ∼ 1.14

(for 87Rb ratio A(1−2′)/A(1−1′) ∼ 1.5). Increasing the

temperature of the PDMS cell increases the fluorescence of

the rubidium atoms, but the spectra show some redistribu-

tion of intensities at the atomic transitions 85Rb and 87Rb.

Thus, when using coated cells and intense laser radiation,

transmission (absorption) spectra contain almost no useful

information about atomic transitions, since there are no

absorption lines at atomic transitions, while fluorescence

spectra are informative and can be used, in particular, to

study the effect of a magnetic field on atomic transitions Rb.
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