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Our Research
The A − X system of ICl(1),(2), IBr(3),(4), I(5)

2 and Br(6),(7)
2 have been

studied in the 0.8µm region.

The line positions of these spectra were determined in order to
establish a frequency standard.

Potential energy curves and spectroscopic constants of the A
and X state are determined.
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Block diagram of Ti:sapphire ring laser spectrometer.
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Example of Br2 Spectrum
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Assigned Bands for the A State
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Assigned Ro-vibrational Levels in the A State
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Bυ′ and the First Differences for the A State

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

0.055

0.060

0 10 20 30 40

B
' v

c
m

-1

v'     

79,79
Br2

79,81
Br2

81,81
Br2

-2.2

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

0 10 20 30 40

�
B

' v
x
1

0
3
c
m

-1

v'     

79,79
Br2

79,81
Br2

81,81
Br2

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 5 10 15 20 25 30

q
v
'x
1
0
5
c
m
-1

v'

79,79
Br2

79,81
Br2

81,81
Br2

T.YUKIYA et al. (Tokyo Polytechnic University) Potential Fitting for Br2 June 21, 2012 8 / 17



Schrödinger equation and Potential Function
.
Schrödinger equation
..

......

{
− ~

2

2µα

d2

dr2 +[V1
ad(r) + ∆V (α)

ad (r)] +
~2[J(J + 1) − Λ2]

2µαr2 [1 + g(α)(r)]

+ sgΛ(e/ f )∆V (α)
Ω

(r)[J(J + 1)]Λ
ψv,J(r) = Ev,Jψv,J(r)

.
Potential Function(Morse Long Range)
..

......

VMLR(r) = De

{
1 − µLR(r)

µLR(re)
e−β(r)·yp(r;re)

}2

µLR(r) =
last∑
i=1

Dmi (r)
Cmi

rmi
, Dm(r) =

(
1 − exp

{
−b · (ρr)

m
− c · (ρr)2

√
m

})m

β(r) = βMLR(yp(r; rref)) = yp(r; rref)β∞ + [1 − yp(r; rref)]
NS ,NL∑

i=0

βi · yq(r; rref)i

yp(r; rref) =
rp − rref

p

rp + rref
p , yq(r; rref) =

rq − rref
q

rq + rref
q

Robert J. Le Roy et al. “Long-range damping functions improve the short-range behaviour of ’MLR’ potential energy functions”, Mol.

Phys. 109, p435(2011)
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Born–Oppenheimer Breakdown Correction and Λ–Doubling Functions
.
Born–Oppenheimer Breakdown Correction
..

......

∆V (α)
ad (r) =

∆M(α)
A

M(α)
A

S̃ A
ad(r) +

∆M(α)
B

Mα
B

S̃ B
ad(r), g(α)(r) =

∆M(1)
A

Mα
A

R̃A
na(r) +

∆M(1)
B

M(α)
B

R̃B
na(r)

S̃ A
ad(r) = [1 − ypad (r; re)]

NA
ad∑

i=0

uA
i yqad (r; re)i + uA

∞ypad (r; re)

R̃A
na(r) = [1 − ypna (r; re)]

NA
na∑

i=0

tA
i yqna (r; re)i + tA

∞ypna (r; re)

∆M(α)
A = M(α)

A − M(1)
A

.
Λ–Doubling Functions
..

......

∆V (α)
Ω

(r) =
(
~2

2µαr2

)2Ω

fΩ(r)

fΩ(r) =
NΩ∑
i=0

ωΩi yqΩ(r; re)i
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Dimensionless Root-Mean-Square Deviation(dd)

dd =

 1
N

N∑
i=1

{
ycalc(i) − yobs(i)

unc(i)

}2


1/2

yobs(i) : measured value
ycalc(i) : calculated value
unc(i) : The estimated uncertainty of datum
N : The total number of data
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Choosing of a Potential Model minimizing DRMS and
Number of Parameters.
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Number of β terms , p and q values of Morse Long Range(MLR) potential function
in the A and X state were changed in this calculation. C5 ,C6 and C8 of the X state
and C6 and C8 of the A state are constrained at values reported by M. Saute. Te
and C5 of the A state, De , Re and β were computed by DPotFita . In the A state,
Born – Oppenheimer Breakdown term t1 ∼ t6 and Λ doubling term ω0 ∼ ω3 were
used. The lines of the v′=27 in A state were not included in this calculation.

a
http://scienide2.uwaterloo.ca/∼rleroy/dpotfit/

X-State C5 cm−1Å5 : -0.0033×105

C6 cm−1Å6 : 6.274 ×105

C8 cm−1Å8 : 1.55 ×107

A-State C5 cm−1Å5 : 0.32 ×105

C6 cm−1Å6 : 6.37 ×105

C8 cm−1Å8 : 1.55 ×107

M. Saute (Mol. Phys., 51, 1459(1984)).
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Long-Range Extrapolation behavior of the Potential
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Number of Λ-Type Doubling Constants and Centrifugal
Born–Oppenheimer Breakdown Terms
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Potential Function Parameters for the A and X state
.
For the A-Sate: MLR N=13, p=5, q=4 , Rre f =3.3
..

......

Values Error Values Error Values Error
Te 13909.01274 0.023 De 2147.9239 0.014 Re 2.7046951 2.1×10−5

C5 3.72212×104 720 C6 6.37×105 – C8 1.55×107 –
β0 1.1604 6.2×10−4 β1 0.60688 0.0028 β2 -3.12787 0.005
β3 -3.4697 0.012 β4 10.3542 0.025 β5 14.758 0.081
β6 -42.133 0.31 β7 -47.605 0.54 β8 142.91 1.9
β9 64.24 2.2 β10 -295.0 5.6 β11 42.8 3.8
β12 260.0 7.0 β13 -147.0 4.7

t0 0.0 – t1 0.00171 6.4×10−4 t2 -0.0174 0.00545
t3 -0.036 0.025 t4 1.205 0.24 t5 -5.99 0.93
t6 12.84 1.7 t7 -12.9 1.6 t8 5.0 0.55
ω0 0.00386 5.0×10−5 ω1 -0.0122 0.0042 ω2 0.037 0.011
ω3 0.312 0.0084

The lines of the v′=27 in A state were not included in this calculation.

.
For the X-Sate: MLR N=11, p=5, q=6, Rre f =3.12
..

......

Values Error Values Error Values Error
De 16056.93664 0.0088 Re 2.28102682 6.9×10−7

C5 -3.3×102 – C6 6.274×105 – C8 1.55×107 –
β0 1.0418061 3.8×10−5 β1 0.860947 1.7×10−4 β2 1.24355 7.4×10−4

β3 0.16568 0.0035 β4 1.48566 0.0076 β5 -1.9265 0.025
β6 0.5507 0.043 β7 3.806 0.061 β8 2.972 0.12
β9 -1.523 0.048 β10 -3.38 0.11 β11 -1.43 0.057
u0 0.323 0.0068

.
Overall
..

......

No. of Data: 16916
v′=27 is not included

No. of Param.:45

dd: 0.896

vmin(A): 2

vmax(A): 37

D-vmax(A): 2.0 cm−1

vmin(X): 0

vmax(X): 76

D-vmax(X): 116 cm−1
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Band Constant Calculated by Parameter Fits and by Direct-Potential

Fits
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Conclusion

Spectra in the new bands were
measured and assigned in 0.71 –
0.83 µm region.
Irregular behavior of Bv′ for the A
state were confirmed.
Electronic isotope shift and
centrifugal Born – Oppenheimer
breakdown terms were determined
for the first time.
Accurate MLR potential function for
the A and X state were determined.
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