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Fig. 1. Internal state energies of "Li atoms vs. the exter-

nal magnetic field B, where Eg¢ = Eyqw/4 .
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Fig. 2. The d-wave generalized scattering length ag for 7Li
atoms vs. the external magnetic field B in the vicinity of
two resonances at (a) 1039.24 and (b) 1055.64 G. The black
dashed lines represent the resonance points.
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1 T"LifY d ¥ Feshbach 34

Table 1. d-wave Feshbach resonances in Li.

By /G ag,bg/ as A/G 6:“‘/:“‘0 Sres ¢
1039.24 1.529 6.397 x 104 3.924 2.19 x 10~4 6.49 x 10~11
1055.64 1.529 0.0615 3.953 0.021 6.29 x 10~9

MR F, ASCHTTHAZE RAP B R
TE MR AR R AR SE A #. & A1 T 2Na ()W
A s P iR 5 AT AR [R] B B (HAE 20 A HA
Feshbach 9% i 47 78 15 S i 8 #  f4 : OLi Fil
WK Ji 7] aa 1818 7E 157.6 A1 168.2 G ) s I Fes-
hbach 4% 58 B 435514 0.25 #10.15 G 2. LR fEY
55 Z M)A B — i, 1E i Feshbach
LIRS rh 258 BRSO & A=k
% T WU i Ah, Feshbach 4R 89 55 — 45 1E
SR S AFEARBE RS, XT T s J Feshbach

2
SEAR, of 48 75 HO B Eb<B>=—Mf7Ww
TR (14 0), @ik (5) b it4h 2 7 fE
A, RRE R A S BE B By I 5 BURHC B o R
te. KL, B, FEALER ST (B — By) B, 563
BMLER. K 3(a) MK 3(b) ZFIH (8) it

6

(@) ,
ar _

\

\
N

_6 . . . .
1038.0 1038.5 1039.0 1039.5 1040.0 1040.5
Magnetic field B/G

6 [(b)

af /
ol

ol

_4_/
6 .

1054.5 1055.0 1055.5 1056.0 1056.5 1057.0
Magnetic field B/G

Bound state & quasi bound state energy E/FEg/10~2

3 G R R 4 A B Ebfﬂﬁ/\:/ﬂ\:ﬂ:?ﬁéz
(a) 1039.24 F1 (b) 1055.64 G B 3t B 2 37 4 74 RN
ECNIEVE ﬁ@éﬁ%éﬁ‘@ﬁi%ﬂ’ﬂﬁ%, élﬁ,ﬁéjzﬁ ic
IR SR L

Fig. 3. Energy Ej of the low energy bound state in the clo-
sed channels vs. the external magnetic field B in the vicin-
ity of the two resonances at (a) 1039.24 and (b) 1055.64 G.
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Fig. B1. Three parameters as, a; and Cg vs. the number

of iterations for optimization.
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Table Al. Feshbach resonances in 'Li and *Na.

JLE AS#iE l By /G ag,bg/@0 4/G 3/ po Bext /G G 3
Li aa s 738.2 -0.6753 ~159.9 1.93 736.8 [33]
‘ s 851.04 1.459 0.009674 3.8 853 [34]
2Na aa
s 908.4 1.434 1.085 3.8 907 [34]
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Abstract

Feshbach resonance is a fundamental phenomenon in cold atomic physics, where interatomic interactions
can be precisely changed into a scattering resonance by varying an external magnetic field. This effect plays a
crucial role in ultracold atomic experiments, enabling the control of interaction strength, the formation of
molecular bound states, and the realization of strongly correlated quantum systems. With the rapid
development of cold atom experiments, numerous Feshbach resonances corresponding to different partial waves,
such as s-wave, p-wave, and even higher partial wave ones, have been experimentally identified. While s-wave
resonances have been widely utilized due to their isotropic nature and strong coupling, and higher partial-wave
resonances (including p-wave and d-wave resonances), provide unique opportunities for exploring anisotropic
interactions and novel quantum phases. In this study, by using the multichannel quantum defect theory
(MQDT), we predict that two d-wave Feshbach resonances are existent in 7Li at 1039.24 G and 1055.64 G,
repectively. Physical properties of the two resonances are presented, such as the resonance width and closed
channel dimer energy. In addition, we optimize the computational parameters by using the Nelder-Mead
algorithm and investigate the possible resonance splitting induced by dipole-dipole interactions in higher partial
waves. The presence of these d-wave resonances at high magnetic fields provides a new platform for
investigating the interplay between higher-order partial wave interactions and quantum many-body effects. Our
results provide opportunities for investigating the effects of higher partial wave Feshbach resonances in high
magnetic fields. Our theoretical predictions thus serve as a useful reference for future experimental studies of

higher-order resonance phenomena in lithium and other atomic species.
Keywords: Feshbach resonance, multichannel quantum defect theory
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