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Potential applications of THz gap:

- imaging, spectroscopy, sensing (ideal penetration)

- high-speed, free-space communication (wireless communication, LIDAR)
- THz computing (analog, neuromorphic computing, Ising machines)

Challenge: low power output (P ~ 1 mW per laser)

G Wang, et al. Terahertz sensing and communication towards future intelligence connected networks. Huawei Research Report (2022).
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Laser sync

Find a mechanism that forces the
laser beams to interact & sync
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Laser sync
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La ng- KO baya S h i m Od EI for single-mode ?:2,082:;0;0;,22?\1? lasers

Electric field dynamics
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R Lang, K Kobayashi.
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Multistability of the LK
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Disorder-promoted sync

Electric field dynamics
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Disorder-promoted sync

Electric field dynamics
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Disorder-promoted sync

Electric field dynamics
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Some stability analysis to study it

Nonlinear time- delay system (LK model)

X;(1) = ) + K; ZAth ), X (1= 17))

L lkl J
Y Y

laser dynamics delayed coupling

Linearization around the desired synchronous state Ej(t) = r*el(gtwi)

J
i(t) = (1) + It —7)
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Frequency detuning w
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Frequency detuning w

Nonlinear time-delay system (LK model)

X;(1) = £,(x;(1) +x; > Aph(x(1), x, (1 = 7))
) LKL

\

2\

)

Y Y
laser dynamics delayed coupling

o
NN

Linearization around the desired synchronous state

E(t) _ @i(QH—@

i(t) = (1) + It —7) g ~

Lyapunov exponent A,

1
S
(00}

wj ~ N (U, 05)

3.5 3
disorder level g,

(@)

Solve characteristic equation to find the (generalized) eigenvalues A,

By L using MATLAB package
det (Jl + Joe™ — /IKIBM) =0 ppesiFrooL

Synchronous state is stable iff 1,,,,, = maxRe{A,} <0

5.5



Lyapunov exponent A,

0.4

-0.4+

-0.8

Disorder-promoted sync

Frequency detuning w

w; ~ N (U, 05)

Frequency detuning w

o
N

o

Lyapunov
exponent

systems
o
()]

Fraction of
stabilized

disorder level g,

m— All-to-all - Decaying = Ring
Q O Q O




Disorder-promoted sync
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Disorder-promoted sync
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Disorder-promoted sync
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Disorder-promoted sync
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Take-home message #1
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Take-home message #1
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Take-home message #3

N
x; = f(x; bz’) + Z Aijg(mi, mj)
i—1

J

Given a network system,
whatis the optimal
parameter assignment
that maximizes stability ?

ANM, Zanin, Motter. Under review (2026).



Disorder-promoted stability: condition?
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Disorder-promoted stability: condition?

A leaky Kuramoto A max
| +
e —diag(b) — L T
£ 0
(@)]
© O l
S G
o -
N £
= g sufficiency
8
b* is homogeneous
l . . "
1 0 1| ifJ(b; A) is Hermitian.
parameter mismatch Aw parameter mismatch Ab
C 2nd-order Kuramoto D phase-amplitude oscillator
L | 1 .
e [ 0 ] —diag(b) —A]
%, —L —diag(b) JO. —f— necessity
o O \ *
g 3 os : os B ! b* is .heteroge.neous
E P only if |(b; A) is
(@] e -
S 5 non-Hermitian.
(&)
0 0

-1 0 1 -1 0 1
parameter mismatch Ab parameter mismatch Ab
ANM, Zanin, Motter. Under review (2026).



Disorder: Good or Bad?

Nair, Hu, Berrill, Wiesenfeld, Braiman. PRL (2021) — Lang-Kobayashi model misaligned time delays
Barioni, Montanari, Motter. PRL (2025) — Lang-Kobayashi model frequency detuning

Pando, Gadasi, Bernstein, Stroev, Friesem, Davidson. PRL (2024) — experimental + LRE frequency detuning



Disorder:

— Lang-Kobayashi model misaligned time delays

— Lang-Kobayashi model frequency detuning
frequency detuning

Nair, Hu, Berrill, Wiesenfeld, Braiman. PRL (2021)

Barioni, Montanari, Motter. PRL (2025)
Pando, Gadasi, Bernstein, Stroev, Friesem, Davidson. PRL (2024) — experimental + LRE
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Disorder:

Laser class Laser rate equations Lang-Kobayashi model Good
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Disorder:

Laser class Laser rate equations

(weak phase-amplitude coupling)
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