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Fig. 1. Hyperfine-rotation energy levels of “BrF (upper) and $BrF (lower) in the vibronic ground state (X', v = 0). The quantum

numbers and the values of the levels are labeled as well.

F# 2 BrF A FIRSES (X'T, v = 0) T J = 10 BRITAYF: o BAE 4GS T BE (BR07: MHz), RIRS) 1 T 559056
(B D 22 ANH — oGt s
Table 2.  Calculated hyperfine-rotation spectra (in MHz) of the J = 1«0 transition in the vibronic ground state (X'3, v =

0) of BrF molecule. Deviations (in MHz) from the experimental spectra and the normalized intensity are listed as well.

FY, F-F{/, F" ‘ R ‘ o S (1)
THRAE ez HRE R
0.5, 0-1.5,1 20986.0744 0.0003 20928.7933 0 0.1428
0.5,1-1.5,1 20986.1035 -0.0011 20928.8236 0.0002 0.0917
1.5,1-1.5,1 21475.0918 0 21337.3854 0.0001 0.3571
1.5,2-1.5,1 21475.0730 21337.3660 0.0713
2.5,2-1.5,1 21203.1734 0.0001 21110.3358 0 0.6427
0.5, 1-1.5, 2 20986.0937 0 20928.8131 —-0.0002 0.3570
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2.5,3-1.5,2 21203.1484 0 21110.3109 0 1
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Table 3. Hyperfine-rotation transition dipoles of BrF within its vibronic ground state.
(J) =1)F|,F’ 7 = O R, P
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1.5,1 0.2247 0.1124 0.5616 0.1123 1.0110 0
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Fig. 2. Simulated hyperfine-rotation spectra (lower) of the J = 1«0 transition within the vibronic ground state (X'¥, v = 0) of BrF

of its two isotopes, ™BrF in Red and ®'BrF in black. Their spectral intensities are almost the same accordingly due to their nearly

equal natural abundance of the two isotopes. Details of the spectra of ™BrF (upper) and *'BrF (medium) of the unresolved spectra
(lower) are plotted as well. Intensities of the spectra Fy, F = 1.5, 1-1.5, 2, 1.5, 2-1.5, 1 and 2.5, 2-1.5, 2 are too small to observe, as

shown in the blue circles.
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Abstract

The transition dipole of the hyperfine-rotation spectrum of J = 1«0 within the vibronic ground (X'X, v =
0) state of BrF molecule is derived, and thus, the transition selection rules are summarized as follows: AJ = +1;
AF, =0, +1 and AF = 0, +1, and those of AF, = AF are intense while those of AF;, # AF are weak. Some
spectral lines result from both the electric dipole transition and nuclear magnetic dipole transition due to
perturbations, however, the magnetic dipole transition only contributes about one-billionth in the spectral
intensity. The spectral linewidth is determined to be about 18 kHz by calculating the spectral transition
probability. The obtained spectral linewidth and relative intensities are consistent with the experimental results.
Additionally, the hyperfine-rotation spectral positions are determined by diagonalizing the Hamiltonian matrix
in the basis of |J[,F}LF), which is also in good agreement with the experiments within 108 (one-fiftieth of the
spectral line width). Hence, the microwave hyperfine-rotation spectrum is simulated. In addition, we find that
the nuclear spin-spin interaction not only slightly shifts the hyperfine-rotation spectral positions but also
changes the sequence of the spectra. As to those unavailable constants of molecules, the fairly precise molecular
constants can be achieved by quantum chemical calculation, say, by employing MOLPRO program, and then
the simulated spectra can guide the spectral assignment. Besides the guidance of spectral assignment, our

results are also helpful for other relevant applications such as in absolute single quantum state preparation.
Keywords: hyperfine structure, magnetic transition dipole, hyperfine-rotation spectrum, BrF

PACS: 33.15.Pw, 33.20.Bx, 33.70.Ca, 33.25.4+k DOI: 10.7498 /aps.72.20221957

* Project supported by the National Natural Science Foundation of China (Grant No. 12004199).
1 Corresponding author. E-mail: xupingll15@ntu.edu.cn

1 Corresponding author. E-mail: xhyang@ntu.edu.cn

043301-8


http://doi.org/10.7498/aps.72.20221957
mailto:xuping1115@ntu.edu.cn
mailto:xhyang@ntu.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BrF 43T Rk AR AR BRI 45 Sl A 4 T IB vl 1T
R eRei RAE MR

Simulation of hyperfine—rotational spectrum of electromagnetic dipole transition rotation of BrF molecules

Chen Run  Shao Xu-Ping  Huang Yun-Xia  Yang Xiao-Hua

5 Fi{5 B Citation: Acta Physica Sinica, 72, 043301 (2023) DOI: 10.7498/aps.72.20221957
TEZE[R]1E View online: https:/doi.org/10.7498/aps.72.20221957
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

WS HD 23 IR BRI AR AR 2 1

Hyperfine structure of ro—vibrational transition of HD in magnetic field

WIFEAEA. 2021, 70(17): 170301 https://doi.org/10.7498/aps.70.20210512

He*B575d'%6s 25|, —5d°6s7 2D SR IE IR 51 32 (0% RIS 40454 WU BLIEIF 5

22D

Theoretical investigation on hyperfine structure and isotope shift for 5d'%%s 251 /2—>5d96s 1 clock transition in Hg*

WIFEAEA. 2019, 68(4): 043101 https://doi.org/10.7498/aps.68.20182136

7 B B PR A0 AR AT AR A5 8 0 JFL ) 7 38 ) AR AR A Py B35

Ab initio calculation of hyperfine—structure constant A of Fr and evaluation of magnetic dipole moments of Fr isotopes

PrPeEd. 2019, 68(9): 093101  https:/doi.org/10.7498/aps.68.20190113

LT 2R 45 R3S X i S T (B A R P P 52

Hyperfine structure effect on circular polarization of X-ray radiation

PFEEEAR. 2018, 67(19): 193401 hitps:/doi.ore/10.7498/aps.67.20180322

OLi iR AT BN 2 7 SR ARG 2 DN o

Precise measurement of 6Li transition frequencies and hyperfine splitting

Prezd. 2018, 67(16): 163201  https:/doi.org/10.7498/aps.67.20181021

18— XG40 25 440 o 1 AR A8 FHHIE-FDTD 7 v M fe e s 8t

Universal HIE-FDTD method and progarm implementation for one—dimensional fine structure electromagnetic target simulation

YrH2E 4. 2022, 71(18): 184101  https://doi.org/10.7498/aps.71.20220695


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221957
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210512
https://doi.org/10.7498/aps.68.20182136
https://doi.org/10.7498/aps.68.20190113
https://doi.org/10.7498/aps.67.20180322
https://doi.org/10.7498/aps.67.20181021
https://doi.org/10.7498/aps.71.20220695

	1 引　言
	2 理　论
	2.1 谱线位置
	2.2 光谱强度与线型
	2.2.1 电偶极跃迁
	2.2.2 磁偶极跃迁
	2.2.3 电偶极与磁偶极混合跃迁

	2.3 线　型

	3 结果与讨论
	3.1 谱线位置
	3.2 谱线强度与线型
	3.3 光谱模拟

	4 结　论
	参考文献

