Crossover of Correlation Functions
near a Quantum Impurity
in a Tomonaga-Luttinger Liquid

Pochung Chen
National Tsing Hua University (NTHU), Taiwan

Dec. 5, 2018
2"d Asia Pacific Workshop on Quantum Magnetism, ICTS, India



Collaborators

Chung-Yu Lo, NTHU, Taiwan.

Ying-Jer Kao, NTU, Taiwan.

Yoshiki Fukusumi, ISSP, Univ. of Tokyo, Japan.
Masaki Oshikawa, ISSP, Univ. of Tokyo, Japan.
Ref.: arXiv:1805.05006

7 MOST #1258

istry of Sci nd Technology



https://arxiv.org/abs/1805.05006

Tomonaga-Luttinger Liquid

* Theory
— Characterized by the Luttinger parameter g.
— Critical, with divergent correlation length.
— Translational/Scale invariance.
— Power law decay of the correlation functions.

 Numerical study (DMRG)

— Finite size calculation (OBC, PBC)

* Finite size effects, finite size scaling.
* Boundary effects.

— Infinite size calculation

* Take advantage of the translational/scale invariance.

* iDMRG/sMERA.




* Finite size calculation (OBC, PBC)
— Very large size is needed.

* Infinite size calculation
— Broken translational invariance ({MPS).

* Boundary/Impurity calculation
— bMERA

— iMPS with “infinite boundary conditions (IBC).”
* H. Phien, G. Vidal, I. P. McCulloch, PRB 86, 245107 (2012).
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General method for calculating the universal conductance of strongly correlated junctions of
multiple quantum wires
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TLL with Impurity

The Conformal Mapping Way
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TLL with Impurity
The bMERA Way
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Quantum impurity in a Luttinger liquid: Universal conductance with entanglement renormalization
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e Bethe ansatz

— Exact analytical expression for short range correlation
functions.

* Field theory

— Asymptotically correct analytical expression.

* IMPS

— Finite correlation length.
— (More) accurate at short distance.
— (Less) accurate at long distance.
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* Weak barrier (small 1-t): free boundary condition.
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* Weak link (small t): Dirichlet boundary condition.
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Dominant Exponents
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= (0.6 < 1, IR: “Broken” Fixed Point

Prefactor from bosonizaton

E ..-.'--.@.'4'"@-4.
: - Tt
10% & )
_1_1 l I I L ?t‘1*(<s+ S')- (ST (S
C 1 g 1 _: ! L -
100 & . e power-UV 3
2 el g--.-.&iﬁ%w - power-IR -
10_3 - @&83%@ ..... E
| | | | | 11 1 | | | | | 11 1 | |
L R —
102 E S E
. . X '@q-@% _E
107 & E
6 E 25 S
107 ¢ (<J-|1/2J|+1/2> (i) ipi2?)
- | | | | 11 1 | | | | | | 11 1 | | |

—

10 100




10°
—
S Bk . ST,
L2 [ e
. E (87 87) (8T (8Y))
107" R R power-UV {3
- I Bt power-IR |-
3 B R A Nts s, T, ]
0" F =
s B T2 ()77 ((8787) - (8% )¢
| | | | | 11 ||
—
'0-2 = .}-.-.é..?“@"‘h-h._,_ﬁ
-4 F : T
0" F
106 E (2.
3 (<J-| 1721727 = Cdiqyp 2 €
- | | | | 11 ||
1 10




g = 1.2 > 1, UV Fixed Point

Prefactor from bosonizaton
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Summary & Outlook

Impurity in a Tomonaga-Luttinger Liquid
— Finite window iMPS with infinite boundary conditions.

Spin-1/2 XXZ (Spinless fermion)
— (S*.S7),(SZ2.8%.),(J_]+) correlation functions
— Confirm fixed points : g>1 (heal) and g<1 (broken).
— Confirm exponents: UV and IR.
— Crossover of correlation functions from UV to IR.

Applicable interesting problems:
— Y-junction, spin-1/2 fermion leads, etc.

Further generalization:
— Finite bias, finite temperature.




