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We measure the dispersed spectrum of the A2 Π-X 2 Σ+ system of MgH using laser ablation/laser induced Fluorescence method and obtain the Frank-Condon factors and related
transition frequencies of the A2 Π(v ′ =0)-X 2 Σ+ (v ′′ =0,1) system by analyzing the experimental spectrum. Also, we calculate the Franck-Condon factors and transition frequencies of the
A2 Π-X 2 Σ+ system of MgH. A comparison of our theoretical calculation and experimental
results with other reported theoretical results was carried out as well.
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Since the first diatomic molecule SrF was successfully cooled in experiment by using laser cooling method
in DeMille’s group [14, 15], laser cooling was applied
to beams of YO [16] and CaF [17]. Other promising
molecules for laser cooling are searched. One of the requirements for possible laser cooling molecules is that
the molecules should have a perfect closed molecular cycling transition. But there is no completely closed transition in a real molecule system because of their complex
internal structures. Secondly, a molecule which can be
successful cooled by laser cooling requires that its excited state has a relative short lifetime, so it can complete enough absorption and emission cycles before leaving the laser interaction region. Also, a highly-diagonal
Frank-Condon array is required for the band system
[18]. Some possible laser cooling molecules of TiF [19],
AlH and AlF [20] were proposed.
Here, we measure and analysize the dispersed fluorescence spectrum of MgH A2 Π(v ′ =0)-X 2 Σ+ (v ′′ =0,1)
transition, calculate the Franck-Condon factors (FCF)
and transition frequencies in the A2 Π-X 2 Σ+ system of
MgH. We also compare our experimental results and
theoretical calculation with other theoretical results for
exploring the possibility of laser cooling of MgH using
Robert J. Le Roy’s LEVEL program [21].

I. INTRODUCTION

Magnesium hydride, MgH, is a molecule of considerable astrophysical importance which exsits in the photosphere of the sun and the atmosphere of cool stars [1, 2].
It has prominent features in the spectra of certain galaxies and is used as an indicator of relative magnesium
isotopes abundance in stellar atmosphere [3]. Efforts
have also been made to search for MgH in interstellar
clouds [4].
A bunch of experimental investigations on the A2 Π
and X 2 Σ+ states of MgH were made. The first high
resolution absorption spectra of A2 Π-X 2 Σ+ were measured by Balfour in 1970 [5, 6]. Then, the high resolution Fourier transform spectroscopy was carried out by
Bernath and his coworkers [7]. Five years later, several
of the lower rotational transitions of MgH were observed
by Zink et al. [8]. Then Ziury et al. studied the millimeterwave spectrum of the ground electronic state of
MgH in 1993 [9].
As one of the quite simple three valence electrons
molecules, the potential energy curves of the ground and
several low excited states of MgH have been investigated
[10–13]. Popkie gave the MgH (A2 Π-X 2 Σ+ ) energy
curves based on Hartree-Fock (HF), multi-configuration
(MC) and Rydberg-Klein-Rees (RKR) methods [10].
Kirby et al. [11] and Mestdagh et al. [12] used the
state-averaged MRCI and MCSCF+MRCI methods to
get the ground and excited energy curves of the MgH.
Shayesteh et al. got the potential energy curves of
the A2 Π and X 2 Σ+ states of MgH using MRCISD
method [13].

II. EXPERIMENTS

The experimental setup was similar to that used
in studies of the visible bands [22, 23]. A pulsed
neodymium-doped yttrium aluminum garnet laser ablated a continuously rotating magnesium sample rod
in a supersonic expansion of pure H2 to generate MgH
molecule. A relatively high backing pressure of approximately 20 atm was used to cool the molecules to a
rotational temperature of less than 20 K. Charged par-
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FIG. 1 A portion of the dispersed LIF signal resulting from the excitation of the MgH R(1/2) line
in the (0,0) band of the A2 Π-X 2 Σ+ system at
19287.365 cm−1 . The monochromator had a spectral resolution of 10 Å. A: A2 Π(v ′ =0)→X 2 Σ+ (v ′′ =0) transition,
B: A2 Π(v ′ =0)→X 2 Σ+ (v ′′ =1) transition.
FIG. 2 The potential energy curves together with the vibrational levels of the X 2 Σ+ and A2 Π states of MgH, the
down arrows indicating the vibronic transitions.

ticles generated in the ablation process were removed
by exposing the supersonic expansion to a electrostatic
field just prior to the skimmer. The molecular beam was
crossed by a single frequency dye laser approximately
15 cm downstream from the source. The dispersed fluorescence of the (0,0) band in the A2 Π-X 2 Σ+ system
near 520 nm was selected for measurements. The resulting dispersed fluorescence signal was viewed through
a 2/3 m monochromator, detected with a water-cooled
photomultiplier tube and finally processed with a photon counter (SRS 400). The monochromator had a
spectral resolution of 10 Å. The absolute wavenumbers
were determined by simultaneously recording the subDoppler absorption spectrum of I2 [24, 25].
A portion of the observed dispersed LIF signal, resulting from excitation of the R(1/2) line in the (0,0)
band of the A2 Π-X 2 Σ+ system at 19287.365 cm−1
(518.47 nm), is presented in Fig.1. The slits of the
monochromator were adjusted to give a spectral resolution of 10 Å. No spectrum in the blue of the excitation wavelength was observed, confirming that the
lower state associated with the transition is the X 2 Σ+
ground state. The observed feature in the red excitation wavelength at 560.20 nm shown in Fig.1 belongs to
A2 Π(v ′ =0)-X 2 Σ+ (v ′′ =0,1). No other feature is seen in
current experimental condition.

III. RESULTS AND DISCUSSION

In this work, potential energy curves of the ground
(X 2 Σ+ ) and first excited (A2 Π) states of the MgH
molecule are calculated using RKR method, which was
developed by RKR methods [26–28].
The potential energy of interaction between Mg and
DOI:10.1063/1674-0068/28/cjcp1412214

H atom can be written as
U (R, L) = V (R) +
K=

L2
2µ

K2
R

(1)
(2)

where µ is reduced mass, L is orbital angular momentum.
The resulting potential energy curves of the X 2 Σ+
and A2 Π states of MgH are shown in Fig.2.
Table I lists the calculated FCFs and their related
band origins of the A2 Π-X 2 Σ+ system of MgH. The
FCF matrix is highly diagonal, the A2 Π(v ′ =0)-X 2 Σ+
(v ′′ =0,1) transitions could provide a good cycling transition and the leakage to other vibraional levels is very
similar to that of SrF molecules [14, 15]. The band
origins of the (0,0) and (0,1) bands in the A2 Π-X 2 Σ+
system are experimentally determined to be 518.47 and
560.20 nm respectively. Our theoretical calculation
gives the corresponded frequencies as 19278.676 cm−1
(518.70 nm) and 17847.254 cm−1 (560.31 nm) which are
in good agreement with the experimental values.
Evidently, both the experimental and the calculated
FCFs data (listed in Table II) indicate that the (0,0)
band of A2 Π-X 2 Σ+ system of MgH has the largest FCF,
while the (0,1), (0,2) and (0,3) bands are all much less,
at least an order of magnitude less. In experimental
conditions, the v ′ =0→v ′′ =2,3 transition probabilities
are too weak to be measured. Popkie’s theoretical multiconfiguration (MC) and RKR methods give the FCF
of v ′ =0→v ′′ =0 of 0.962 and 0.944, respectively. Our
experimental and calculated results are 0.94 and 0.944.
Our results are in good agreement with those of Popkie
et al. [31].
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TABLE I The Franck-Condon factors and band origins in the A2 Π(v ′ )-X 2 Σ+ (v ′′ ) system of MgH calculated using RKR
potential derived from the spectroscopic parameters of Ref.[29].
v′

v ′′ =0

v ′′ =1

0
1
2
3
4
5

9.44(6)×10−1
5.09(9)×10−2
4.27(3)×10−3
1.15(8)×10−4
1.06(6)×10−7
7.24(7)×10−7

5.51(0)×10−2
8.45(3)×10−1
8.80(2)×10−2
1.11(7)×10−2
3.41(4)×10−4
1.46(0)×10−6

0
1
2
3
4
5

19278.7
20814.7
22288.5
23700.2
25049.8
26337.1

17847.2
19383.3
20857.1
22268.8
23618.3
24905.7

v ′′ =2

v ′′ =3

FCF
1.45(1)×10−4
1.28(2)×10−4
−1
1.02(6)×10
5.08(6)×10−4
−1
7.61(6)×10
1.43(5)×10−1
−1
1.15(1)×10
6.90(0)×10−1
1.97(9)×10−2
1.35(0)×10−1
−4
6.26(1)×10
2.96(7)×10−2
Band origin/cm−1
16479.6
15175.8
18015.6
16711.7
19489.5
18185.6
20901.2
19597.3
22250.7
20946.8
23538.1
22234.2

v ′′ =4

v ′′ =5

4.49(5)×10−6
4.82(7)×10−4
1.18(3)×10−3
1.78(8)×10−1
6.27(6)×10−1
1.50(0)×10−1

9.55(6)×10−7
3.10(1)×10−5
1.11(6)×10−3
2.28(4)×10−3
2.09(0)×10−1
5.72(1)×10−1

13935.6
15471.7
16945.5
18357.2
19706.7
20994.1

12759.3
14295.4
15769.2
17180.9
18530.4
19817.8

TABLE II The Franck-Condon factors in the A2 Π(v ′ )X 2 Σ+ (v ′′ ) system of MgH calculated.
(0,0)
Expt.
0.94
Calc.
0.944
Ref.[10] 1.000a
Ref.[10] 1.000b
a
b

(0,1)
0.06
0.055
0.546×10−1
0.376×10−1

FCF
(0,2)
0.145×10−3
0.405×10−2
0.207×10−2

(0,3)
0.128×10−3
0.396×10−3
0.145×10−3

RKR qv′ v′′ /q00 (q00 =0.944).
Theoretical qv′ v′′ /q00 (q00 =0.962).

Following the argument of DeMille [15] we would propose a three-laser-cyclic system involving the v ′′ =0−2
of the X 2 Σ+ state, and v ′ =0,1 of the A2 Π1/2
state, as shown in Fig.3. The main cooling transition is set up for the A2 Π(v ′ =0)←X 2 Σ+ (v ′′ =0)
transition with FCF of 0.944.
A couple of repump lasers are required to reclaim molecules decay from A2 Π(v ′ =0)→X 2 Σ+ (v ′′ =1) (FCF≈0.056) and
A2 Π(v ′ =1)→X 2 Σ+ (v ′′ =2) (FCF≈0.103) respectively.
Our experimental and calculated results show the
A2 Σ(v ′ =0)←X 2 Σ+ (v ′′ =0) FCF of 0.944 is not as large
as that predicted in SrF (0.98) [15], CaF (0.972) [18] and
AlH (0.965) [20], but it is much larger than that of TiF
(0.89) [19]. So, the FCF of A2 Π(v ′ =0)←X 2 Σ+ (v ′′ =0)
is still sufficiently large to be possible for laser cooling.
The lifetime of the A2 Π(v ′ =0) state of MgH was
measured in experiment as 43.6±3 ns by Dufayard
[29]. Pokie [10, 31] gives the theoretical value of the
A2 Π(v ′ =0) lifetime is 41 ns which is in agreement with
Dufayard’s experimental result [30]. So the excited
state A2 Π of MgH has a relative short lifetime, it can
DOI:10.1063/1674-0068/28/cjcp1412214

FIG. 3 The possible laser cooling scheme for A2 Π→X 2 Σ+
system of MgH molecule. Upward lines indicate the laserdriven transitions with wavelengths λv′′ v′ . Downward lines
indicate spontaneous decay from the excited state A2 Π to
ground state X 2 Σ+ with the calculated FCFs fv′′ v′ . Upward
solid line means the main cooling cycle, and upward dotted
lines are the proposed repump lasers.

complete enough absorption and emission cycles before
leaving the laser interaction region. It is suitable for
laser cooling experiment.

IV. CONCLUSION

The dispersed fluorescence spectrum of the MgH
R(1/2) line in the (0,0) band of the A2 Π-X 2 Σ+ system
has been measured to obtain the FCFs of v ′ =0→v ′′ =0
and v ′ =0→v ′′ =1. The potential energy of MgH have
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been calculated using RKR method. And the FCFs
of the A2 Π(v ′ =0−5)-X 2 Σ+ (v ′′ =0−5) of the MgH has
been calculated using LEVEL program. The theoretical calculation demonstrates a highly diagonal transition. By comparing the experimental results and the
calculated ones, we can see that the A2 Π→X 2 Σ+ transition of MgH looks quite promising for laser cooling.
According to the experimental and theoretical results,
the main laser and two repump lasers are 518.7, 560.3,
and 555.1 nm, respectively. All of these lasers source
are in visible range, and can be obtained easily.
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