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Lieb-Robinson 38X Chenou et al., Nature (2012)
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a = 1 Gravitational field
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State-of-the-art diagram

o State-of-the-art classification

1. Operator norm || [Ox(t), Oy] ||

Fast propagation
No light cone
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Measurement-induced Phase Transition (MIP) : 1D E T /L

Li, et al., PRB (2019) Skinner, PRX (2019)
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Measurement-induce phase transition (MIP)

« BERYAXRT =)V > KHEICHEGRHE

5[
« =16
.2 el Li, et al., PRB (2019) Skinner, PRX (2019)
3 « L=64
S 1 . 1=128 -
~ . =256
;;E 0.5 .« L=512 |

O
N
v

~10 _5 0 5 10
()’ - yc)Ll/v

== A
o SEBE: Noel et al., Nature Physics (2022) arXiv:2106.05881

lon-trapped system 4-8 qubits
A

[0 _:'@ o A +- Simulation ¢  Experiment
loy : E? EE[: = 0.95 Px=0 . +

System | 19 ol & =
lo) s o = Sl I
lo) — | = I B — + _____________
o) L1 4 Gosod | Px=0.5 "‘+

Reference —joy— E —HA = 0754 | Tl
) - & HA o T

Ancilla (Io> E o "H=A o + T Jf

0 : )\ -n—LEE 0.65 |




BELG AR MIPIXEEIREZL N DEERTE

« ETAET CORBARRDOERIANRE | BEITIIIEBERHRINAE

CRCI IR (= o0) > 1/d

w W WUV U\

ZEITIIL NI TIE SRR L

1/d = — Y [0;(t = 00)){h;(t = 00)
M

transition in ¥j(0) — 4;(t = 00)



Minato, Sugimoto, Kuwahara, KS, PRL 2022
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Minato, Sugimoto, Kuwahara, KS, PRL 2022

K Main statement )

Sufficient condition to observe the MIP

o > g + 1 Bilinear Fermion systems

| a >d-+1 General non-integrable systems Y
[+ COZROBNER H=IHy+ Hp+ Hap
IV VIIILA Y NEERDARER
S = i||H ap||A(p) < L/2, L/2 .
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Lieb-Robinson bound for short-range interaction

LR bound is important !

1. Causality: fundamental

2. Many Applications: leading to crucial physics

(2-1) Exponential decay in ground state in gapped system
Hasting, Koma, J.Stat.Phys.

(2-2) No-go theorem of long-range entanglement at finite temperatures
T. Kuwahara and KS, PRX (2022)

(2-3) Estimation of computation time



Short-range versus Long-range interactions in many-body systems

e Short-range interacting many-body systems

e.g., Heisenberg model
H=> [JS;Sit1+ BS]]

=1
e Long-range interacting many-body systems
Power-law interaction V' (r) o< r~%in our context

e.g., Heisenberg model with the power-law interaction

J z
H:Z |r—’l°’|O‘ST.STI+Zr:BST

r,r’

e Change of thermodynamics due to long-range interaction

Nonadditivity : Entropy can be nonconcave
A. Campa, T. Dauxois, and S. Ruffo, Phys. Rep. (2009)

Phase transition : A. Campa, A. Giansanti, and D. Moroni, Phys. Rev. E. (2000)

Quasi—s’[a’[ionary state: V. Latora, Rapisarda, C. Tsallis, Phys. Rev. E. (2001)
Siinonres<sion of chaons: D. Baguchi and C. Tsallis, Phys. Rev. E. (2016)



Hand-waving argument

 To get the feeling, divide H into Hghort and Hiong

Hghort = Z hi,j Hlong Z h’J long

iaj:di,jég (VE £<d; yJ

» We want to know the operator spreading of e~ (Hskort+Hiong)t

(1) Easier problem to get the feeling: ¢~ *shortt o =tHiongt

e Hsnortt : gjves the LR linear light cone e¥t="

. , e / d— 1
e—ZHlongt oV t—r vl o~ f o+

Amplitude of one-site interacting operators
o'~y [lhigl ~ 90/ drr™ T~ gol?e

Jil<d; ;

fa>d+1, v~ 50 (0= 0)
linear light cone is expected



Hand-waving argument

 To get the feeling, divide H into Hghort and Hiong

Hshort — Z hi,j Hlong — Z hi,j long

1,7:d; 5 <t 1,7:4<d; j <24

« We want to know the operator spreading of ¢~ #(Hshort+Hiong )t
(2) How is e~ *(HshoretHong)t 9
Hiong (1) = ptHsnortt Hlonge—iHshortt
Amplitude of one-site interacting operators
t=0 — > |hijll ~got**

j:£<di,j
t>0 — goéd_a X td (Ballistic operator spreading)

64—_i fot dSHlong(S) : e’U/Et—?“ /Ulg N Zd—oz—l—ltd -~ Zd—oz—l—lgd _ €2d—oz—|—1

If « > 2d + 1, light cone is expected



