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Abstract Carbon-based quantum magnets are a key class of materials in the field of spintronics and quantum technology.
They exhibit significant potential for next-generation low-power spintronic devices and quantum information processing,
owing to their weak spin-orbit coupling,long coherence times,and tunable magnetic properties. However,critical
challenges remain in understanding the origin of magnetism,achieving precise synthesis and control,ensuring quantum
state stability,and constructing accurate theoretical models. To address these challenges,the National Natural Science

Foundation of China organized the 417"

Shuangqing Forum” in July 2025, which aimed to define key scientific issues and
outline future research directions. This forum focused on topics such as precise spin-state manipulation, maintaining
quantum coherence, and the surface/interface science governing the evolution of multi-domain states under coupled external
fields. Based on the forum consensus,this review systematically summarizes the current research status,key scientific
topics,and recent advances in the theoretical understanding of carbon-based quantum magnets,including novel graphene
nanoribbons and altermagnetic metal-organic frameworks. It also highlights the crucial role of multi-scale simulations and
artificial intelligence-assisted design in advancing the theoretical prediction and functional realization of these materials,

thereby providing a theoretical reference and guidance for the future development of this field.

Keywords magnetic materials ; carbon-based ; quantum computation ; spintronics ; theoretical calculations

HttE  FTEHFERHEALTALR L AEFIF, PELFAROHEALFELLER 28 TE, RPAANFER
T 8 iR B ELBAR AT A 0 b e it AR, IHER AR FELFFAFEALTR(AX),
REEEARNABE, FTPEFFLAHFRL “BAEHWEE LR THPHAL-FLELR,

= RURMF PR L AEFT., TEAFLTFETFTHHES SIS A KRS Fo it L a7
o EEFRFERPAATERRANELEEFRELTONE, XLF it 3] 40004 K , H-index=27.,

5E £7 FORFF R SRR, TN FIRGEA HATF G 2T 5 £ KRBT .

(e ALk 3K IR)

* Corresponding Authors, Email : sxdu@iphy.ac.cn ; zhanglz@nanoctr.cn



