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Abstract

By introducing a modulation parameter £ we study the one-dimensional correlated system with
modified hopping, on-site U and nearest-neighbor V repulsion in the weak-coupling regime. The
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induced three-body attraction changes the phase diagram of the standard Hubbard model. Besides
the usual charge-density-wave (CDW) and spin-density-wave (SDW), a bond-spin-density-wave

(BSDW) phase exists for [U—2V|<8¢£°t/z athalffilling. In the absence of the nearest neighbor Cou-
lomb interaction V, an insulator-metal transition takes place. A Luttinger metallic phase with the
triplet superconducting (TS) correlations is realized for &> ./7U/8t . Effectively, a general quan-

tum phase diagram including superconductivity (TS, SS) is also discussed.

Keywords

One Dimension, Hubbard Model, Modified Hopping, Weak Coupling, Ground State Phase Diagram

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

IRYE R RN o0 — B BERES I — A HE M SR8 . —4E Hubbard B8 2 IR IR 4E 5k
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[FAE RS s BB AN B AR R FL IR A AE — R S HERAE (U)o SRR, R R BRI R I A
SRR IR R B UK, SORTBA BRI R AL, (KAEAT 9 H Luttinger WAL IR A . Hubbard #8405 &
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Hubbard #8 A £ W 2% 18 1 Jsa i1 (Al ORI, B — e R FEE M B A = BRI . IRLtE, B AR R 7 AH
YER I & Hubbard BORUHR NS 2% (38, Horbh— AN H B2y R R R B A1 E G /EH (V)
() —4E t-U-V BERI[A]. EPI 78 A e XI, A R B 25 A RS2 T2 OB FE[5]-[19] AR A [A] BA
K, BRI BRI R TR EAARLU =2V 0y A, U > 2V X0 [ e
(SDW), U <2V X3Eoxf B HLfrf 2% B2 9% (CDW) . P70k}, Nakamura 25— RF T 7 —AHIX () EE EHR . At
I BUE TR I, TE E e AN A 2 B U AU = 2V BfhiT, 7ESSAR &R R Ao X, 1847
TE#— AN HL % PP (BCDW) [12]0 IX MBI ST RI B[ T AT t-U-V A5 R 5 25 40 B A 78 % [13]-
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Figure 1. The renormalization-group flow diagram. The arrows represent the direction
of flow with increasing length scale. The infrared behavior is determined by the direction
of RG flow with increasing length scale
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IXFAT A BRI B AL 1) R BV 2 AR (W] 1 BTaR) . AN IR IE 290l B S S8 g, A g, %
WP ERALTE AT, BERERR S RHMI(A, =0). B4 Hubbard #A—FF, & REH B IE - B,ME}EE’J
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Figure 2. Phase diagram corresponding to the model (1) for the V = 0 case.
The curve marks the SDW-TS transition
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Figure 3. The ground state phase diagram of the model (1). The two solid lines denote the
spin-gap transition (U -2V = —8§2t/7z) and the Gaussian transition (U —2V = &fzt/;r)
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Figure 4. The general quantum phase diagram of the model (1) including effective parameters.
Uc and Ucz represent the critical points for V = 0, respectively corresponding to the insulator-
superconductor transition and the SS-TS transition
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