
Discussion

Radiative lifetimes of Na2 ro-vibrational levels of the 41Σ𝑔
+

state have been calculated in a continuation of our previous
work1 to investigate the importance of including the bound-
free transitions into radiative lifetimes. The lifetime
calculations are performed for selected vibrational levels from
0 to 75 and rotational levels, J=1, 20, 40, 60, and 80 and for
rotational levels from 0 to 90 in vibrational levels v = 49, 50
and 51. We find that radiative lifetimes vary significantly with
vibrational level, particularly around the shelf state. In
addition, we observe a strong, unusual oscillatory radiative
lifetime dependence on rotational quantum number. Another
aspect we want to emphasize is the significance of including
the bound-free transitions into the calculation which reduces
the lifetime noticeably compared to the results of recent work
that did not include this channel2. The lifetimes of individual
ro-vibrational levels of the 41Σ𝑔

+ shelf state were calculated

using the LEVEL 8.2 and BCONT programs by Robert Le Roy,
the latter in a version modified by Brett McGeehan.
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Schrödinger Equation is solved for bound and continuum 
states using the Level 8.2 program9 and  a modified version 
of the BCONT program10, respectively

Lifetimes of excited states of molecules

Lifetime 𝜏𝑖 of a initial level 𝑖 = (’, v’, J’), 

; 𝑓 = (”, v”, J” )

kif - Emission wavenumber
SJ′J″ - Hönl-London rotational intensity factor

ψ𝒗′𝑱′
𝜶′ - Normalized nuclear wavefunctions of upper state 

𝑀𝛼′𝛼"(𝑅)– Transition dipole moment function

Where,

Bound-Free

Bound-Bound

Input #1 – Potential functions Input #2 – TDM functions 

Calculations

▪ Potential data:
41Σu

+ -Tsai et al.3

21Σu
+ - Kowalczyk  et al.4

B1Πu
+ - Camacho et al.5 and E. Tiemann6

A1Σu
+ - Tiemann et al.7

▪ TDM function: Work by Sylvie Magnier2,8

Completeness relation of the energy eigen function11

bound-bound transitions bound-free transitions

If the FCF sum falls 
short of reaching 1, 
this is an indication 
that bound- free 
transitions should 
be considered

Results
Vibrationally resolved lifetimes of 𝟒𝟏𝚺𝐠

+ state 

Rotationally resolved lifetimes of 𝟒𝟏𝚺𝐠
+ state 
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Branching ratios

The sum of the Einstein 
coefficient over all the 
A1Σu

+ state vibrational 
levels for J’=30 is greater 
than that of J’=45, which 
results in higher lifetime 
for J’=45 than J’=30.

Wavefunctions

Einstein coefficient distribution

Depending on the which part of the 
TDM we sample, changes the 
Einstein coefficient distribution 
considerably
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Comparison with preliminary experimental data

Experimental values are for J’ 20
from time delayed pump—probe  

molecular beam experiments. 
For details see reference 1

4 8 12 16 20

0

5

10

15

20

25

R (A
0
)

T
ra

n
s

it
io

n
 D

ip
o

le
 M

o
m

e
n

t 
(D

e
b

y
e

)  4
1


+
g to A

1


+
u

 4
1


+
g to B

1
u

 4
1


+
g to 2

1


+
u

0

5

10

15

-1

0

1

-1

0

1

2 4 6 8 10 12

-1

0

1

 41
+

g
to A1

+

u

T
D

M
 (

D
e
b

y
e
)

v'=50, J'=30

v'=50, J'=45

R(A
0
)

v'=50, J'=51

0 20 40 60 80 100 120

0

1x10
5

2x10
5

3x10
5

vibrational level A
+

g

E
in

s
te

in
 C

o
e

ff
ic

ie
n

t

 J'=30

 J'=45

0 10 20 30 40 50 60 70
0

40

80

120

160

 Bound-Bound + Bound-Free

 Bound-Bound only

L
if

e
ti

m
e

 (
n

s
)

vibrational level (v')

J=1

0 20 40 60 80

50

100

150

200

250

300

 bound-bound + bound-free 

 bound-bound only

L
if

e
ti

m
e

 (
n

s
)

Rotational level (J')

v'=50

x 2

5 10 15

2x10
4

3x10
4

3s + 3p

3s + 4s

2
1


+

u

B
1


u

4
1


+

g

A
1


+

u

V
 (

c
m

-1
)

R (A0)

3s + 3d

http://scienide2.uwaterloo.ca/~rleroy/level/

