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Abstract. The effects of a strong control or pump laser, counter propagating or copropagating with the
probe beam, on the probe absorption spectra of 85Rb and 87Rb − D2 transitions have been investigated
inside a room temperature Rb vapour cell. In both cases a set of strong velocity selective resonance dips are
observed at different velocities. Their movements across the Doppler broadened probe absorption profile
have been studied for different lock frequencies of the control laser. These spectra are modified by optical
pumping effects due to the presence of another hyperfine component of the ground state. A repumping
laser, from the dark hyperfine component of the ground level transfers almost 75% of the atoms from the
dark state to the pump probe cycle hence reducing the optical pumping effect. A numerical simulation is
done to explain the observed spectra. The effect of a control laser on the Lamb dip spectrum of the probe
laser has also been investigated. The control beam is used to improve the strength of a weak hyperfine
dip on the Doppler broadened probe spectrum. The strength of the hyperfine dip increases by a factor of
3.2 in presence of the control laser. The observed dips show that pump-probe spectroscopy can be used as
velocity selectors of atoms.

PACS. 32.80.Bx Level crossing and optical pumping – 32.70.-n Intensities and shapes of atomic spectral
lines – 32.10.Fn Fine and hyperfine structure

1 Introduction

The dramatic advances in the resolution and sensitivity
of laser spectroscopy of atoms have given a boost to the
rapid developments in the fields of basic science of lab-
oratory interest like laser cooling or Bose Einstein Con-
densation [1]. These achievements have also enabled tech-
nologies of a wide spectrum of new endeavors [2,3] that
require extremely high precision for measurements upto
umpteen significant digits. The necessity of identifying an
isolated atomic transition and the locking of the laser fre-
quency to a precise value offers several reasons for renewed
effort to determine the individual transition frequencies.
The major hindrance of laser frequency measurement is
the Doppler broadening of spectral lines arising from the
random atomic motion in the gas phase. Nevertheless laser
spectroscopy affords methods to probe different velocity
groups of atoms that interact with electromagnetic radia-
tions with non-resonant transition frequencies.

Alkali atoms with non-zero nuclear spin exhibit hy-
perfine splitting of energy levels [4]. However the split-
ting in many cases is less than the Doppler width. Thus
the hyperfine transitions are buried in the Doppler pro-
file. The earliest and most established method of restor-

a e-mail: speclab cu@yahoo.com

ing these transitions is the standing wave Lamb-dip spec-
troscopy. In this technique the freely moving atoms are
subjected to counter propagating laser radiations with the
same frequency originating from a single source. One ra-
diation creates a hole in the Boltzmann distribution curve
of the lower level. When the other radiation comes across
this hole a dip is observed in the absorption spectrum [5].
The dip has a narrow Lorentzian linewidth [6,7] depending
on the collision broadening, laser linewidth, transit time
broadening and natural linewidth. This simple story of
Lamb dip at the resonance frequency observed for zero ve-
locity atoms is further complicated when there are closely
spaced levels and in fact, the spectroscopy of such systems
is a prior objective of performing Lamb dip or saturation
absorption spectroscopy of atoms. In the case of a single
lower level and more than one close lying upper levels, in
addition to the dips at the hyperfine transition frequen-
cies, crossover resonance peaks are observed because the
hole burnt by one radiation for a transition comes across
the hole burnt by the radiation coming from the oppo-
site direction on another transition [8]. The crossover res-
onance dip occurs at the mean frequency of the two tran-
sitions and has a similar linewidth and could often have
a height comparable to the Lamb dip [9]. In the case of
hyperfine spectra of atoms with one lower level and three
upper levels three hyperfine and three crossover resonance
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peaks are observed. This can make the resolution of the
transitions often very tedious [10]. This situation is fur-
ther complicated by the presence of a second lower hy-
perfine level for all D-lines of alkali atoms with j = 1/2,
even though they are well separated so that there is no
possibility of the transitions involving both the lower lev-
els within a Doppler background. The problem originates
from the fact that the atoms raised to the upper level
from one lower level may decay back to the other lower
level [11,12]. Thus the system is not closed and the atoms
may be transferred to the other level by velocity selective
optical pumping (VSOP). This lower state is a dark state
and hence this may lead to a reduction of absorption [13],
as the atoms of some velocity groups cannot take part in
the absorption. As it is pointed out recently, except the
closed transitions (e.g. F = 3 → F ′ = 4 component of
85Rb − D2 transition) all other transitions are not satu-
rated, although Lamb dip spectroscopy in such cases is
normally termed saturation absorption spectroscopy [11].
Lamb dip spectroscopy has the simplicity of using a sin-
gle laser source, although the spectrum is marred by the
presence of additional crossover resonances.

Recently pump probe spectroscopy for D1 line of Na
with two copropagating laser radiations showed that the
hyperfine splitting can be very comfortably measured if
one of the radiations (pump) is kept locked at a cer-
tain frequency within the Doppler background [14]. In
this case there is no crossover resonance. Similar exper-
iments have also been done with Rb−D2 transitions [15].
Pump probe spectroscopy of rubidium forms the base for
diverse experiments on Rb such as Electromagnetically in-
duced transparency (EIT) [15], coherent population trap-
ping (CPT) [16] and its application in constructing atomic
clocks [17], four wave mixing, Sagnac interferometers [18]
and lasing without inversion (LWI) [19] to name a few.

Motivated by the central role of the accurate knowl-
edge of the hyperfine spectra of Rb, its use in frequency
locking [19,20] for laser cooling experiments and the wide
spectrum of experiments based on pump probe spec-
troscopy as listed above, we have studied different facets
of pump probe spectroscopy in this work. The previous
studies mostly concentrated on the so-called saturation
spectroscopy with counter-propagating beams originating
from the same laser or on pump probe spectroscopy with
two co-propagating laser radiations.

In the first part of the work we study the pump probe
spectroscopy with two independent tunable laser radi-
ations traversing the gas atoms in the opposite direc-
tions. With the pump frequency kept locked to a particu-
lar frequency within the Doppler broadened curve of the
F = 3 → F ′ = 2, 3, 4 transitions of 85Rb and the probe
laser tuned across the same transitions we record both
probe and pump powers. Velocity selective resonances pre-
dict the probe absorption to show new features with six
transmission dips that show up as a broad and strong dip
due to optical pumping in the observed Doppler broad-
ened background. In the second part, to reduce the opti-
cal pumping effect by transferring the optically pumped
atoms to the upper level, we use a repumper laser.

Fig. 1. Schematic representation of the experimental setup.
ECDL: external cavity diode laser, OI: optical isolator, BS:
beam splitter, CBS: cubical beam splitter, M: mirror, L: lens,
D: detector and Rb Cell: rubidium vapour cell.

In the third part of the work we study the Lamb dip
spectrum in the presence of a stronger coupling laser. For
the counter propagating Lamb dip spectra we call the
stronger component as pump and the weak counter propa-
gating radiation as the probe. The stronger radiation from
another source kept locked within the Doppler background
is called control radiation. In such a system we can have
three different types of features: (1) lamb dip spectrum
with hyperfine and crossover resonance dips, (2) velocity
selective resonance dips for the two copropagating laser ra-
diations as reported earlier [21] and (3) velocity selective
transmission dips for the two counter propagating beams
as observed in the first part of the work. In this case when
the control laser is on resonance with the hyperfine transi-
tion the Lamb dip for the hyperfine spectra becomes much
stronger and is blown up compared to the crossover res-
onance peak. This dip gets broader because of saturation
effect and optical pumping.

2 Experiment

The experiments are carried out inside a 5 cm long cylin-
drical room temperature vapour cell made of Pyrex glass
having the window diameter 2.5 cm. The cell contains
85Rb and 87Rb isotopes in their natural abundances with
no buffer gas. The cell is sealed at a pressure of 1 µtorr and
its temperature is maintained at 299 (±0.1) K using a tem-
perature controller. Three different narrow linewidth ex-
ternal cavity diode lasers (ECDLs) serve as sources for the
pump (control), probe and repumping beams. An ECDL
(from Sacher Laser Technik, Germany) in the Litthrow
configuration produces the high power (95 mW/cm2)
pump beam while another ECDL (from New Focus, USA)
in the Littman configuration produces the lower power
(7.0 mW/cm2) probe beam. After emanating from the
ECDL the pump beam is split using a 70/30 beamsplitter.
The transmitted part (30%) is sent through a saturated
absorption spectrometer for locking the laser frequency
(Fig. 1). The reflected part (70%) is expanded to form
a circular beam of diameter 0.8 cm and is sent through
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Fig. 2. Energy level diagram for 85Rb and 87Rb. Ω1, Ω2, Ω3

represent the corresponding transition frequencies. The dotted
lines represent the radiative decay channels for the atoms in
the excited states.

the experimental cell. The probe beam (circular in shape)
with diameter 0.15 cm intersects with the pump beam in-
side the experimental cell at a crossing angle less than
1◦ (10 mrad). Both the pump and probe beams have the
same linear polarizations. The probe beam is focused onto
a photodiode at a distance of one metre from the exper-
imental cell such that there is appreciable spatial separa-
tion between the probe and pump beams. A digital storage
oscilloscope (from Yokogawa, Japan) with a sampling rate
of 200 kS/s recorded the output voltage from the photo-
diode. The pump laser piezo voltage is ramped using a
very slow computer controlled ramp with ramp time 120 s
across the F = 3 (2) → F ′ = 2, 3, 4 (1, 2, 3) transitions
(Fig. 2) of 85Rb (87Rb) where from the different frequen-
cies to be locked are selected and locked using a homebuilt
proportional integrator differentiator (PID) electronic cir-
cuit having a long term lock stability of 1 MHz. The piezo
voltage of the probe laser is ramped using a function gener-
ator with ramp frequency 30 Hz and ramp voltage 200 mV
while recording the absorption profile of 85Rb and 150 mV
while doing the same for 87Rb.

3 Observation and analysis

3.1 Effects of optical pumping on pump probe
spectroscopy

In these experiments the pump laser is locked to sev-
eral points (frequencies) across the F = 3 (2) →
F ′ = 2, 3, 4 (1, 2, 3) transitions of 85Rb (87Rb) while the
probe laser is scanned across the F = 3 (2) → F ′ =
2, 3, 4 (1, 2, 3) transitions (Fig. 2) of 85Rb (87Rb).

First the counter propagating probe and pump lasers
are overlapped almost completely inside the vapour cell
making a crossing angle less than 10 mrad while in the
second experiment the pump and probe beams are aligned
to copropagate almost completely making a crossing an-
gle less than 10 mrad. In the next experiment the pump
laser is retro reflected to simultaneously co and counter
propagate with the probe beam such that a combination
of the spectra obtained in the above two experiments is
expected in this case.

A simulation is performed to reproduce the experimen-
tal results. Our simulation is based on the 85Rb spectra.
Similar results are expected for the 87 isotope too. The
Gaussian widths of 85Rb (524 MHz) and 87Rb (518 MHz)
are quite small compared to the separation between the 85
and 87 isotopes (∼1300 MHz). Hence for the purpose of
simulation, we do not need to consider both the isotopes
as there is no overlap between them.

The pump (control) laser leads to three transitions for
three selected groups of velocities satisfying

Ωi = ωpu(1 + vi/c) for i = 1, 2, 3. (1)

Here, Ωi represent the resonance frequencies (Fig. 2).
The tunable probe laser resonates with these velocity

groups such that

Ωi = ωpij(1 ± vj/c) (2)

where, j (= 1, 2, 3) represents three different values of ωp

that resonate with Ωi (i = 1, 2, 3) for each of the values
of vi (i = 1, 2, 3). The (+) and (–) signs correspond to
the co and counter propagating pump probe geometries
respectively.

The simulated spectra are obtained by using the
Lorentzians

L(ω) =
n∑

i=1

[
AiΓ

(ω − ω0i)2 + (Γ/2)2

]
(3)

where n = number of transmission dips, ω − ω0i = k. vi,
k are wave vectors, Γ is the natural linewidth, Ai is the
normalization constant for the Lorentzian profile.

These simulated Lorentzians are convoluted with a
normalized Gaussian profile G(ω) given by

G(ω) = G0 exp
[−{c(ω − ω0)/ω0vp}2

]
(4)

where c is the velocity of light in air, vp is the most proba-
ble velocity, G0 is the normalization constant for the Gaus-
sian profile, ω0 is the central frequency of the Gaussian.

The resulting Doppler broadened simulated spectrum
is obtained by convoluting the Lorentzian with the Gaus-
sian as

I(ω) = L(ω)∗G(ω). (5)
The relative strengths of the Lorentzians have been con-
sidered while convoluting them with the Gaussian and
have been estimated from the number of atoms lost
by optical pumping corresponding to different velocities
given by

∆N(ωL,vz) = ∆N◦(vz)
[
1 − I/Isat

1 + I/Isat + (2∆/Γ )2

]
(6)
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where ∆N = Ng − Ne is the difference in population be-
tween ground and excited states, ∆N◦ is the initial pop-
ulation difference, ∆ = ωL − ωr is the laser frequency
detuning, ωL is the laser frequency, ωr is the resonance
frequency of transition, I is the laser intensity, Isat is the
saturation intensity for transition.

According to the calculations in all nine dips are ex-
pected for both the counter and copropagating conditions,
with three dips corresponding to each of the velocities v1,
v2 and v3. For the counterpropagating case three pairs of
dips have the same frequency. As a result instead of nine
dips only six isolated dips are expected. Figure 3a displays
the simulated Doppler free spectrum of the probe trans-
mission against probe detuning. The dips corresponding
to the different velocity group atoms are labeled in the
spectrum. The 5 2S1/2 ground state for both the isotopes
of Rb are split into two hyperfine components (F = 2 and
3) for 85Rb and (F = 1 and 2) for 87Rb. Owing to the pres-
ence of the second (lower) ground state hyperfine level the
atoms raised to the upper excited levels namely F ′ (= 2,
3) for 85Rb and F ′ (= 1, 2) for 87Rb may decay back to
this second ground state as also to the initial state. The
atoms transferred to the other ground state due to velocity
selective optical pumping (VSOP) cannot be raised to the
higher excited states in absence of another pump field and
are thus removed from the pump probe system. This lower
ground state is thus called the dark state. The excited
states from which the atoms may decay to the dark ground
state are called open states and transitions to these states
are called open transitions. From equation (1) it is clear
that atoms having velocities v1 and v2 correspond to the
open transitions Ω1 and Ω2 respectively (Fig. 2). Hence
the transmission dips corresponding to the velocities v1

and v2 will have greater intensity due to optical pumping
of atoms to the dark ground state compared to that due
to the velocity v3, which corresponds to the closed tran-
sition (Ω3). A convolution of the Doppler free probe ab-
sorption spectrum with a Gaussian profile shows (Fig. 3b)
only one strong power broadened transmission dip on the
Doppler broadened simulated profile. Figure 3c represents
the observed Doppler broadened probe transmission spec-
tra for the F = 3 → F ′ (= 2, 3, 4) transition of 85Rb when
the pump laser counter propagates with respect to the
probe laser. The locked pump laser frequency is indicated
by an arrow on the Doppler broadened curve. The spec-
trum shows a single broad and intense transmission dip
on the probe absorption profile at a probe frequency that
is on the other side of the Doppler minimum compared to
the pump frequency. If the pump is locked at the higher
frequency side (as is the case in the figure) of the Doppler
profile the dip occurs on the lower frequency side. The
simulated convoluted spectrum (Fig. 3b) reproduces the
experimentally observed spectrum (Fig. 3c) quite well. In
contrast to the counter propagating case, for the coprop-
agating pump probe configuration three dips are found to
occur at the same frequency coinciding with the locked
pump laser frequency. In this case seven independent dips
are expected at different frequencies across the Doppler
broadened probe absorption profile. Figure 4a shows the

Fig. 3. Probe transmission spectrum for the F = 3 → F ′ (= 2,
3, 4) transition of 85Rb (a) simulated Doppler free, (b) simu-
lated Doppler broadened, (c) experimentally observed Doppler
broadened spectrum. The counter propagating pump laser is
locked to a frequency marked by arrow on the probe transmis-
sion profile. The dips corresponding to different velocities are
marked.
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Fig. 4. Probe transmission spectrum for the F = 3 → F ′ (= 2,
3, 4) transition of 85Rb (a) simulated Doppler free, (b) simu-
lated Doppler broadened, (c) experimentally observed Doppler
broadened spectrum. The copropagating pump laser is locked
to a frequency marked by arrow on the probe transmission pro-
file. The dips corresponding to different velocities are marked.

simulated Doppler free probe transmission profile for the
copropagating pump probe system exhibiting the dips cor-
responding to different velocity groups. After convoluting
with the Gaussian profile only three transmission dips are
noticeable in the simulated spectrum (Fig. 4b). The two
dips corresponding to the velocities v1 and v2 located on
either side of the degenerate dip at the pump frequency
could not be resolved as they were totally masked by the
stronger power broadened dip at the pump frequency. The
experimentally observed spectrum (Fig. 4c) resembles the
simulated spectrum (Fig. 4b) with three dips.

Figure 5a gives the simulated Doppler free spectrum of
the probe transmission profile in presence of simultaneous
co and counter propagating pump fields. The dips corre-
sponding to the co and counter propagating pump probe
geometries are specified in the figure. The pump lock fre-
quency is also indicated by an arrow. Figures 5b and 5c
represent respectively the simulated and experimentally
observed Doppler broadened probe transmission spectra
for different lock frequencies of the pump laser for the
corresponding case. The notable feature of the spectra is
the manifestation of the two sets of transmission dips cor-
responding to the co and counter propagating pump probe
arrangements and their crossing over when the pump fre-
quency is shifted from the lower to the higher frequency
range. As the pump frequency is moved the two sets of
dips approach each other and then move away in opposite
directions.

3.2 Optical pumping - effect of a repumping laser

Figure 6 represents the spectra when the counter prop-
agating probe and pump signals are simultaneously
recorded by two separate photo diodes and their outputs
are fed to two channels of a digital oscilloscope in dual
mode. The Doppler broadened curves represent the probe
signal while the Doppler free ones represent the pump
signal. The arrows indicate the pump lock frequencies.
It is observed from the spectra (Fig. 6a) that when the
pump laser is closer to the open transitions (Ω1 and Ω2)
the strength of the transmission dip increases signifying
greater loss of atoms to the dark ground state due to op-
tical pumping whereas in Figure 6b the pump laser is away
from the open transitions, showing smaller loss of atoms
by optical pumping.

If a third laser is used to transfer atoms from the
dark ground state to the excited states then the loss of
atoms from the pump probe system could be controlled.
With this objective in mind a third beam called hyper-
fine pumping or repumping beam derived from another
ECDL is mixed with the counter propagating pump probe
beams inside the vapour cell. The repumping field scans
the F = 2 → F ′ = 1, 2, 3 transitions of 85Rb. This radia-
tion brings back the atoms in the cycle of pump probe sys-
tem and thus considerably reduces the VSOP dip (Fig. 7).
In our experiment we have been able to transfer almost
75% of the atoms lost to the dark ground state by using
a repumping laser of intensity 42 mW/cm2. This study
is very useful in many experiments where the atoms lost
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(a)

(b) (c)

Fig. 5. Probe transmission spectrum in presence of simultaneous co and counter propagating pump laser fields for the F =
3 → F ′ (= 2, 3, 4) transition of 85Rb (a) simulated Doppler free, (b) simulated Doppler broadened, (c) experimentally observed
Doppler broadened spectrum. The copropagating pump laser is locked to a frequency marked by arrow on the probe transmission
profile. The dips corresponding to different velocities are marked.
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Fig. 6. Spectra when the counter propagating probe and pump
signals corresponding to the F = 3 → F ′ (= 2, 3, 4) transition
of 85Rb are simultaneously recorded. A(i) gives the Doppler
broadened probe signal and A(ii) gives the Doppler free pump
signal, when the pump frequency (marked by arrow) is locked
in between the open transitions F = 3 → F ′ (= 2) and F =
3 → F ′ (= 3). B(i) gives the Doppler broadened probe signal
and B(ii) gives the Doppler free pump signal, when the pump
laser is locked at a frequency (marked by arrow) red detuned
by 500 MHz from the F = 3 → F ′ (= 2) transition.

in the dark hyperfine state(s) can be brought back to the
cycle.

3.3 Effect of pump laser on the Lamb dip spectrum
of probe laser

Figure 8 presents the spectra of 85Rb with counter propa-
gating laser radiations leading to Lamb dip and crossover
resonances of the probe beam in the presence of a control
laser locked at different frequencies within the Doppler
broadened profile. In absence of the control laser the stan-
dard hyperfine and crossover resonance dips are observed.
In presence of the control laser the dips are modified by hy-
perfine pumping effects changing their relative strengths.
When the control frequency is shifted along the Doppler

Fig. 7. Doppler broadened probe transmission spectra for
85Rb with a counter propagating pump probe configuration
in presence (a) and absence (b) of a repumping laser scanning
the F = 2 → F ′ (= 1, 2, 3) transition of 85Rb.

profile of the probe absorption curve the strong VSR dips
arising from the counter propagating beam and the weaker
VSR dips arising from the copropagating beams move to-
wards each other. When the control frequency resonates
with one of the hyperfine transitions a strong dip is ob-
served at this frequency of the Lamb dip spectra of the
probe. This enhances the hyperfine dip such that it sur-
passes the height of the crossover resonance dip, which
remains unperturbed in the Lamb dip spectrum (Fig. 8).
An accurately locked control laser can in this way enhance
the hyperfine transition, which is otherwise weak. However
the dip has much larger linewidth due to power broaden-
ing and optical pumping. Such a spectrum is not satu-
rated since the atoms of a wide range of velocity groups
are transferred to the other lower hyperfine level by the
optical pumping.

Table 1 gives the relative strength and width of the
F = 3 → F ′ = 4 hyperfine transition in the Lamb dip
spectrum of 85Rb in presence and absence of the control
laser. The natural linewidth of the hyperfine transition
is mentioned in place of the calculated width in absence
of control laser. However considering power broadening
effects it was estimated to be 12 MHz. The strengths
have been normalized with respect to the experimentally



366 The European Physical Journal D

Table 1. Gives the relative strengths and widths of a hyperfine transmission dip in presence and absence of a control laser.

Relative strength of transmission dip Width of transmission dip
when control laser is when control laser is

present absent present absent
calculated 6.38 1.46 45 MHz 6 MHz

experimental 3.2 1.0 36 MHz 15 MHz

Fig. 8. Doppler broadened Lamb dip spectra of the probe
laser scanning the F = 3 → F ′ (= 2, 3, 4) transition of 85Rb
in presence of a control laser simultaneously co and counter
propagating with the probe. COs represent the crossover reso-
nances while H represents the hyperfine resonance.

observed strength in absence of the control laser taken
as 1.0. It is shown that the increase in the strength of
the hyperfine transition in presence of the control laser is
3.2 times that in absence of the control field.

4 Discussions

This work reports for the first time spectroscopy with
counter propagating pump probe beams derived from
two different laser sources. The strong pump beam mod-
ifies the Doppler broadened probe absorption as ex-
pected. Unlike the conventional saturation absorption
spectroscopy [11,13], where both the pump and probe
beams (obtained from the same source) are scanned across
the F = 3 → F ′ (= 2, 3, 4) transition manifold of 85Rb,
here the pump laser is kept locked to specific frequencies
on the F = 3 → F ′ (= 2, 3, 4) transition of 85Rb and
the probe laser is scanned across the Doppler profile. In
the conventional saturation absorption spectroscopy the
pump and probe beams being produced from the same
laser source interact simultaneously only with the zero
velocity atoms at different resonance frequencies. In our
experiment the pump and probe beams derived from dif-
ferent laser sources interact with non–zero velocity group
of atoms corresponding to the different hyperfine reso-
nance frequencies. This enables us to probe various ve-
locity groups of atoms and isolate them from the rest of
the atoms in the distribution. In the energy level config-
uration considered here six non degenerate dips are pre-
dicted and the observed dips are found to lie on the oppo-
site sides of the Doppler profile with respect to the pump
frequency. This is in contrast with the case of the pump
beam co propagating with the probe laser that predicts
seven velocity selective resonance dips across the Gaus-
sian profile of the probe, where one of these dips always
coincides with the pump frequency. Instead of the pre-
dicted seven dips only three could be observed to have
sufficient strength. These dips move across the Gaussian
profile of the probe along with the pump laser frequency
when it is changed [22]. In the counter propagating case
the movement is in a direction opposite to that of the
pump laser frequency. The dips mentioned above for both
the co and counter pump probe alignments are caused
by holes created in the probe ground state due to deple-
tion of atoms belonging to certain velocity groups that are
continuously raised to higher excited states by the pump
field. These atoms again decay back to the ground state.
Thus a state of dynamic equilibrium is reached. However
due to the presence of another hyperfine component of
the ground state some of the atoms raised by the pump to
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the excited states decay to this dark ground state where
from they can no longer be excited by the pump laser and
are lost from the emission absorption cycle. The decay
from the excited states to the dark ground state leads to
a much broader peak and thus the dips cannot be resolved.
Some of the previous works [11,13] also investigated the
optical pumping effects produced due to the presence of
the dark hyperfine component of the ground state. There
the authors commented on the modification of the sat-
urated absorption spectra by optical pumping, however
they did not confirm the extent of modification experimen-
tally. We have used a third laser from the F = 2 (1) → F ′
of 85Rb (87Rb) called the repumping laser to replenish
the loss of atoms from the system to the dark ground
state F = 2 (1) → F ′ of 85Rb (87Rb). As a result the
strong velocity selective resonance dips caused by the op-
tical pumping effects become weaker in presence of the
repumping laser field. The repumping beam reduces the
optical pumping effects by almost 75%. Thus using a re-
pumping beam one can estimate the loss of atoms from
the ground state due to saturation by the strong pump
field and due to optical pumping to the other dark ground
state.

A simulation of the spectra considering a pump beam
co and counter propagating with the probe field repro-
duces the experimental observations. The effects of optical
pumping are taken into account. This is done by calcu-
lating the magnitude of velocities of the atoms that par-
ticipate in the optical pumping process. The number of
atoms involved in the optical pumping phenomenon cor-
responding to these velocities is then estimated. The num-
ber of atoms thus calculated gives an idea of the strength
of optical pumping at different frequency positions across
the Gaussian distribution. This fact is incorporated in the
simulation by assigning greater (varying) strengths to the
transitions involved in optical pumping. The Doppler free
simulated spectra show seven dips for copropagating sit-
uation and all six dips for the counter propagating case.
However after convolution with Doppler profile the simu-
lated spectra revealed only a few dips in agreement with
the experimental observation.

In this work we also try to manipulate the strength
of hyperfine transmission dips, obtained by conventional
Lamb dip spectroscopy, by using a higher intensity control
laser. We also carried out Lamb dip spectroscopy of the
probe beam for the 85Rb atom in presence of a strong con-
trol laser co and counter propagating with it. Two strong
crossover dips and one weak hyperfine dip could be re-
solved from the Doppler broadened Gaussian profile in
absence of the control field. When the control laser fre-
quency is locked to the hyperfine transition the hyperfine
dip gets greatly enhanced and becomes stronger than the
crossover dips. However due to optical pumping the hy-
perfine dip broadens in width in presence of the control
field. Thus a control laser can be used to enhance or even
to resolve an apparently inconspicuous hyperfine dip from
the Doppler broadened background. This method suffers
from the drawback that in this case the hyperfine dip gets
broadened.

5 Conclusion

In contrast to the saturation spectroscopic methods [5] we
have used two separate laser beams to study the satura-
tion effect. Both the co and counter propagating pump-
probe double resonance spectroscopy produces several res-
onances of sub natural widths in a strongly absorbing
medium. These resonances may find various technological
applications such as production of miniature atomic clocks
to name one. In various phenomena like CPT, EIT [23],
quantum information processing optical pumping often
plays a very important role. We have carried out a detailed
study of various processes leading to the phenomenon of
optical pumping.

Through a systematic study of pump probe spec-
troscopy with the various orientations of the pump and
probe beams, we have investigated the effect of optical
pumping on the probe absorption profile in presence of
a strong pump beam. The strong pump laser transfers
atoms from one ground state of the probe to the other
ground state resulting in the formation of strong and wide
transmission dips across the probe absorption profile. The
appreciable widths of these dips may deteriorate the res-
olution of the sub Doppler features. Following the meth-
ods adopted in laser cooling [1] experiments an effort to
reduce the optical pumping is made by the use of a hyper-
fine pumping or repumping laser. The primary function
of this laser is to transfer the atoms back from the dark
ground state to the excited states from where they are
partly transferred into the emission absorption cycle of
the pump and probe lasers.

Frequency locking plays a very crucial role in experi-
ments based on the application of laser cooling and trap-
ping. In order to lock the laser to a particular hyperfine
transition we normally carry out sub Doppler Lamb dip
spectroscopy. However it often becomes very difficult to
identify the required hyperfine transmission dip on the
broad Gaussian absorption background with the closely
spaced hyperfine and crossover transitions [8]. Thus the
Gaussian profile has to be subtracted using a balance
detector in order to clearly view the hyperfine dip. In
this article we suggest a hitherto unattempted method
of extracting the faintly resolved hyperfine dips from the
Lamb dip spectrum without subtracting the Gaussian
background. A strong control laser is used to retrieve
the apparently unobtrusive hyperfine dip from the Gaus-
sian background. This makes the hyperfine dip perceptible
for efficient frequency locking. The set of experiments re-
ported in this work shows that atoms of different velocity
groups can be selectively excited and transferred to a sec-
ond lower level. The velocity grouping of the atoms may be
useful in other experiments where specific velocity atoms
need to be investigated.
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