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Abstract. We experimentally and computationally study the eﬀect of an additional transverse magnetic
ﬁeld (TMF) on the Hanle resonance for a Fg = 2 → Fe = 3 transition of 87 Rb D2 line for magnetic ﬁeld
scans perpendicular to the propagation direction of the optical ﬁeld. It is shown that with a π-polarized
light, no resonance signal is observed in absence of the TMF. When the TMF is applied, two peaks are observed on either side of zero scanning magnetic ﬁeld in the transmission spectrum. The separation between
the two peaks is linearly proportional to magnitude of the TMF, which can be used for magnetometry. We
applied this technique to measure magnetic ﬁeld from 0.1 to 0.5 G with a pure Rb vapor cell and from
10 to 30 mG with a Rb cell containing buﬀer gas. These observations are attributed to the population
redistribution among the ground state sublevels due to the TMF.

1 Introduction
Light-induced atomic orientation and alignment have
been extensively explored to create atomic magnetometers
based on nonlinear magneto optical rotation [1–4], optical
pumping [5–7], and coherent population trapping [8–10].
These magnetometers operate by detecting the precession
of the atomic orientation/alignment in the presence of a
magnetic ﬁeld via light transmission measurements [11].
The ground state Hanle eﬀect has also been used to measure the magnetic ﬁeld using optical pumping and radio
frequency ﬁeld setup [6,7].
In the Hanle conﬁguration, atomic-coherence induced
phenomenon like electromagnetically induced transparency (EIT) and absorption (EIA) resonances are measured by scanning a magnetic ﬁeld, either parallel to the
direction of propagation of the optical ﬁeld [12,13] or perpendicular to the direction of propagation of the optical
ﬁeld [14–16].
In this paper, we report a new technique for measuring magnetic ﬁeld using Hanle resonances with both
pure and buﬀer gas cells of Rb. A single linearly polarized laser beam, called pump-probe beam, is used to polarize the atoms and to probe the absorption. When the
scanning magnetic ﬁeld is perpendicular to the propagation direction of the optical ﬁeld, with a π polarized light,
no Hanle resonance signal is observed, since there is no
change of population among ground state sublevels as a
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function of the scanning magnetic ﬁeld. As a result, no
coherence develops among the ground state sublevels. In
the above conﬁguration, when an additional magnetic ﬁeld
is applied perpendicular to the scanning magnetic ﬁeld,
it redistributes the population and creates the coherence
among the ground state sublevels. As a result, two dips are
observed in absorption spectrum on either side of the zero
scanning magnetic ﬁeld. The separation between the two
dips in the Hanle absorption spectrum is proportional to
the magnitude of the additional transverse magnetic ﬁeld
(TMF), and can be used to measure the magnitude of the
magnetic ﬁeld.

2 Computational model
The scanning conﬁguration used to study the eﬀect of the
TMF on Hanle resonances of Fg = 2 → Fe = 3 transition
is shown in Figure 1a.
The direction of propagation of light beam was taken
along the y axis and its electric ﬁeld vector was chosen
along z axis. The axis of quantization is deﬁned along
the direction of scanning magnetic ﬁeld (z axis), which is
parallel to the light polarization and perpendicular to the
propagation direction of the optical ﬁeld (transverse scan
geometry) (Fig. 1a). This induces π transitions (selection
rule: Δm = 0) between hyperﬁne levels Fg = 2 and Fe = 3
(Fig. 1b).
The additional TMF, perpendicular to the scanning
magnetic ﬁeld, is applied in the xy plane. The total TMF
in the xy plane can be expressed as:
B TMF = Bx x̂ + By ŷ.

(1)

Page 2 of 6

Eur. Phys. J. D (2016) 70: 219

 1
gμB (Bx − iBy )
2
i=j


+
× CF+g mg |Fg , mgi  Fg , mgj  +CFe mei |Fe , mei  Fe , mej 
i
 1
gμB (Bx + iBy )
+
2
i=j


−
−
× CFg mgi |Fg , mgi  Fg , mgj  +CFe mei |Fe , mei  Fe , mej 

HBTMF =

(7)
Fig. 1. (a) Scan conﬁguration showing the directions of scanning magnetic ﬁeld (Bscan ), light wavevector (ky ), light polarization (Ez ) and transverse magnetic ﬁeld (BTMF ) and (b)
atomic level conﬁguration for the transition Fg = 2 → Fe = 3
of 87 Rb D2 line. The transition probabilities are shown next to
the solid arrows [17].

where Bx and By is the magnitude of the TMF along x
and y axis, respectively.
The total Hamiltonian H of the system is given by the
sum of the unperturbed Hamiltonian H0 , the atom-light
interaction Hamiltonian HI , and the atom-magnetic ﬁeld
interaction Hamiltonian HB , with

H0 =
ωgi |Fg , mgi  Fg , mgi |
i

+



ωei |Fe , mei  Fe , mei |



Fe , mej Fg , mg |[E · dej g ] + H.c,
k
k

(3)

 1
dρ
1
=
H̄, ρ − {R, ρ} + Λγ + ΛΓ ,
dt
ih
2

=
where E is the electric ﬁeld vector, dej gk
Fe , me | er |Fg , mg  is the dipole matrix element that couples the sublevels of ground state |Fg , mg  and excited
state |Fe , me , and H.c. is the Hermitian conjugate of the
ﬁrst term in equation (3).
Using the Wigner-Eckart theorem [18,19], the dipole
matrix element dej gk can be written as:
dej gk = Fe er Fg  Fe , me | |1, q; Fg , mg 

(4)

where the angled brackets denote the reduced matrix element and the term in parenthesis is a 3-j symbol.
The total magnetic ﬁeld-atom interaction Hamiltonian
HB is sum of the scanning magnetic ﬁeld-atom interaction
Hamiltonian HBscan , and the additional TMF-atom interaction Hamiltonian HBTMF ,
HB = HBscan + HBTMF ,

(8)

where H̄ is the total Hamiltonian of the system after making rotating wave approximation. On the right side of
equation (8), the ﬁrst and second terms represent the commutation and anticommutation operations, respectively. R
is the diagonal matrix which represents the spontaneous
decay rate, Γ of the excited state and the ground-state collisional decay rate, γ. The matrices Λγ and ΛΓ represent
the repopulation of the ground state due to the relaxation
terms γ and Γ , respectively.
The Bloch equations were obtained after numerically
solving equation (8) under steady state conditions [21,22].
The Hanle absorption is given by:
√
 2 2πωFe →Fg N
2
α=
|deg | (Im[ρ(e, g) ]),
(9)
cΩ
e, g
where ωFe →Fg is the frequency diﬀerence between the
ground and the excited states in the absence of the magnetic ﬁeld and N is the density of atoms.

(5)

HBscan = gμB Bscan
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i
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×
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The scanning magnetic ﬁeld Bscan splits the Zeeman sublevels of Fg = 2 and Fe = 3 (see Fig. 1b) and this splitting
is proportional to Bscan (see Eq. (6)).
Since the TMF is perpendicular to the axis of quantization, it couples the Zeeman sublevels of ΔmF = ± 1
(see Eq. (7)) and causes population redistribution in the
ground state (Fg = 2) and excited state (Fe = 3) sublevels. This is indicated by the curved arrows in Figure 1b.
The time evolution of the density matrix ρ is given by
the Liouville equation [20]:

i

HI =

where μB is the Bohr magneton, and g the gyromagnetic
±
ratio. The Clebsch Gordan coeﬃcient (CFa ma ), with a =
(e, g), is given by:

i

(6)

3 Computational results
The calculated absorption spectra of the pump-probe
beam for a closed Fg = 2 → Fe = 3 transition of
87
Rb D2 line in the absence and presence of the TMF is
shown in Figure 2.
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Fig. 2. Numerically computed absorption spectra of Fg = 2 →
Fe = 3 transition. The dashed line represents BTMF = 0 and
the solid line represents BTMF = 0. Other parameters used in
computation: ΩR = 40 MHz, Γ = 38.1 MHz, and γ = 10−3 Γ .
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Fig. 3. Population of the Zeeman sublevels of Fg = 2 as function of magnetic ﬁeld. The dashed lines represent BTMF = 0
and the solid lines represent (a) BTMF = 20 mG and (b)
BTMF = 50 mG. Other parameters are same as used in
Figure 2.

In the absence of the TMF, no Hanle resonance signal
is observed (Fig. 2 (dashed line)). When the TMF is applied, a dip in the absorption signal is observed. With increase in value of the TMF, the absorption signal splits
at line centre and two dips are observed on either side of
the zero value of the scanning magnetic ﬁeld (Fig. 2 (solid
lines)). These observations can be understood by considering the population distribution among the ground state
(Fg = 2) sublevels in the absence and presence of the additional TMF (Fig. 3).
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Fig. 4. Numerically calculated separation between the two
dips as a function of the TMF. Other parameters are same as
used in Figure 2.

The interaction of π polarized light with Fg = 2 →
Fe = 3 transition results in Δm = 0 transitions among
the Zeeman sublevels of ground and excited state. In the
absence of the TMF, due to spontaneous decay of the excited state, maximum population of atoms accumulates
in the ground state sublevels g0 and g±1 . But, there is
no change of population among ground state sublevels as
a function of the scanning magnetic ﬁeld (Fig. 3 (dashed
lines)). As a result no Hanle resonance is obtained (Fig. 2
(dashed line)).
The transition probabilities for selection rule, Δm = 0
(π transition) is shown in Figure 1b. The transition from
groundstate sublevel, g0 to excited state sublevel, e0 has
maximum probability, while that from g±2 to e±2 has
minimum probability.
At Bscan = 0, when a small TMF (= 20 mG) is applied, the population in g0 shifts to g±1 and g±2 sublevels (Fig. 3a (solid lines)), so that the absorption reduces (Fig. 2). As we start scanning the magnetic ﬁeld,
the population of g0 starts to increase. Since the transition
from g0 to excited state sublevel e0 has maximum probability, an increase in absorption is observed. When the
value of the TMF is increased, two minima are observed
in ground state sublevels population (Fig. 3b (solid lines)).
These minima correspond to the position of minima in the
absorption signal (Fig. 2).
This splitting in the absorption signal is diﬀerent from
the splitting observed with a σ polarized light as described
in references [23,24]. With σ polarized light, absorption
minima are observed on either side of the scanning magnetic ﬁeld, when the population among ground state sublevels become equal. However, no splitting is observed in
the ground state population when the magnetic ﬁeld is
scanned. In the present case, absorption minima is observed only when there is a corresponding minima in population (Fig. 3b).
The separation between the two dips is linearly proportional to magnitude of the TMF with a slope ∼1.3 (Fig. 4).
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detector and SAS, saturated absorption spectroscopy. A laser beam linearly polarized along the z axis propagates through a
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polarization direction respectively.
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Fig. 6. Experimentally measured (a) laser transmission signal of Fg = 2 → Fe = 3 transition as function of magnetic ﬁeld, with
and without BTMF and (b) separation between the two peaks as a function of the TMF in the pure Rb cell. The vertical bars
show the standard error in the measurement.

We observed similar results for Fg = 2 → Fe = 1,
Fg = 2 → Fe = 2 and Fg = 1 → Fe = 2 for both open
and closed transitions.

4 Experimental description
The experimental setup used to measure resonance signals is shown in Figure 5. A tunable diode laser DL pro
(Toptica) was locked to the hyperﬁne transitions Fg =
2 → Fe = 3 of 87 Rb D2 line with Toptica Digilock 110. A
saturated absorption spectroscopy setup was used to ﬁnd
the exact position of Doppler free hyperﬁne transitions of
87
Rb atoms. The intensity of the laser beam was controlled
by using a half wave plate before it passes through Rb cell

in all experiments. A Glan-Thompson polarizer was used
to adjust the polarization of a laser beam.
A pure Rb cell at room temperature (23 ◦ C) is placed
at the center of a solenoid and two pairs of coils in
Helmholtz conﬁguration, which was used to reduce the
Earth’s magnetic ﬁeld to ∼0.5 mG along all three axes.
The intensity of laser beam was set to 0.18 mW/cm2 for a
pure Rb cell. The laser transmission signal was measured
by scanning the magnetic ﬁeld perpendicular (z axis) to
the propagation direction of the laser beam both in the
absence and presence of the TMF (Fig. 6a).
The experimental results of Figure 6a and numerical
results of Figure 2 are in good agreement both in the absence and presence of the TMF.
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Figure 6b shows the experimentally measured separation between the peaks as function of the TMF. In Figure 6b, the vertical bars show the standard error in the
measurement, and the slope of the curve is ∼1.1.
For a longitudinal scan geometry, scanning magnetic
ﬁeld is parallel to the direction of propagation of the
laser beam, “V ” type of links can not be formed between
Zeeman sublevels of the ground and excited hyperﬁne levels with a circularly polarized light (σ + or σ − ). Therefore,
no Hanle resonance was observed for Fg = 2 → Fe = 3
transition in the absence of the TMF [25]. Similar conditions (no “V ” type links) can be obtained with a π polarized light in the transverse scan geometry (Fig. 1b),
scanning magnetic ﬁeld is perpendicular to the direction
of propagation of the laser beam. Like a circularly polarized light, there is no Hanle resonance observed with a π
polarized light in the absence of the TMF (Fig. 6a).
With π polarized light, a splitting is observed in the
transmission signal in the presence of TMF. The separation between the two peaks is linearly proportional to the
magnitude of the TMF (Fig. 6). On the other hand, with
a circularly polarized light, no splitting is observed when
the TMF is introduced [25].
The eﬀect of TMF on Hanle resonances for Fg = 2 →
Fe = 3 transition was also studied with a Rb cell containing 30 Torr Ne buﬀer gas. The Earth’s magnetic ﬁeld
was compensated by using a four layer μ-metal shield up
to ∼0.03 mG.
Helmholtz coils to further reduce the residual magnetic
ﬁeld and to scan the magnetic ﬁeld perpendicular to the
propagation direction of the laser beam were installed in
the μ-metal shield. The buﬀer gas cell was heated to a
temperature of 70 ◦ C by passing hot water around the
cell holder. The intensity of the laser beam was set to
2.7 mW/cm2 . The measured separation between the two
peaks in the transmission signal of a Rb buﬀer gas cell
is linearly proportional to the TMF with a slope ∼1.0
(Fig. 7) which is similar to the results observed for the
pure Rb cell.
Since the separation between the two peaks is linearly
proportional to the magnitude of TMF, it can be used
for in-situ magnetic ﬁeld measurements. The sensitivity
of this technique is determined by the smallest detectable
change in separation between two peaks. With a pure Rb
cell, the measurements were performed within the range
of 0.1 to 0.5 G and the magnetic ﬁeld was increased by
0.05 G in each step (Fig. 6b).
The buﬀer gas cell allows us to observe the splitting
for TMF values in the milligauss region. With a Rb buﬀer
gas cell, we applied this technique in the range from 10 to
30 mG and minimal change in magnetic ﬁeld was 1 mG
(Fig. 7). We applied this technique to detect only static
magnetic ﬁelds. A single measurement was performed in
25 ms time by sweeping the perpendicular magnetic ﬁeld,
and then it was averaged 10 times to improve signal-tonoise ratio.
Some advantages of the current method are, that only
a single optical ﬁeld is used, without the need for any
amplitude or frequency modulation. Also, the ﬁeld can
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peaks as a function of the TMF in the Rb cell contains 30 Torr
of Ne as buﬀer gas. The vertical bars show the standard error
in the measurement. The breaks (//) on the axes indicate the
adjustment in the scale.

be directly calculated from the Hanle transmission signal
via software processing, without any additional electronic
devices.

5 Conclusion
We have described a new technique to measure static magnetic ﬁelds using Hanle resonances. The magnetic ﬁeld
to be measured (TMF) creates two peaks in the Hanle
transmission signal. The separation between the peaks
is linearly proportional to the magnitude of the TMF.
Therefore, this phenomenon can be implemented in
magnetometry. In the present study we have used this
technique to measure ﬁelds as low as 0.1 G with a pure Rb
cell and as low as 10 mG with a Rb cell contains 30 Torr
of Ne as buﬀer gas. It would be possible to measure lower
magnetic ﬁelds with higher buﬀer gas pressure and parafﬁn coated cells.
This work was supported by the Department of Science and
Technology, India.
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