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USB0A. Relaxation of quantum matter

U

There are two competing sources of relaxation in quantum many-body systems:

Internal interactions External interactions

We study this interplay in a
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i Our dissipative SYK model
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i Our dissipative SYK model

U
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i Our dissipative SYK model

HSR=\//72 Xi ¥;

Reservoir
operator
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i Our dissipative SYK model

U

Pseudo-gapped D(w) = (1 B e—a)2/A2)V/2
environment

Pseudo-gaps arise in many materials
(e.g. graphene) and induce memory effects
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{580A" Schwinger-Keldysh formalism

U

Relaxation means non-equilibrium dynamics, so we cannot use standard equilibrium tools.

(e.g., partition function)
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TECNICO . .
W | ISBOA Schwinger-Keldysh formalism
Relaxation means , SO we cannot use standard equilibrium tools.
(e.g., partition function)
The IS the analog of the partition function for systems out-of-equilibrium:

Z="Tr[p(1)] = Jngai exp{iSla;]}

1Sla;] =1 J dz %Z a2)io,a(z) —i| dz Z Jina (2)az)a(2)a)(z) + L dzdz' u K(z,7') Z a(z)a, (')

C i O «j<k<l
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USB0A. Schwinger-Dyson equations

U

In the large-/V limit, we can derive self-consistent equations:

22\ Y2 Jz
o~ (w) == (1 — e~ ) - Jdudv p (@ —pu—vp (Wp~ W)

T

Schwinger-Dyson
Equations

o (W)
(0w + ot (w))? + (mo—(w))?

p(w) =
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USB0A. Schwinger-Dyson equations

U

In the limit, we can derive self-consistent equations:

22\ Y2 .72
o~ (w) == (1 — e~ ) - Jdﬂdv p (@ —pu—vp (Wp~ W)

U

o (w)
(0w + ot (w))? + (mo—(w))?

p(w) =

From these quantities we can compute the retarded Green’s function, which encodes relaxation:

iGR(1) = O(Tr [pe (D, 2} ]) = @(t)[dw p(@)cos(a1)
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i Solving the SD equations

U

We solve the Schwinger-Dyson equations on a frequency grid, by iterating until self-consistency

J=1, =08 A=10, 8, =0
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LISB0A Conclusions

U
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G.A., Pedro Ribeiro, Masudul Haque, Lucas Sa, “Relaxation of strongly-correlated quantum matter with structured dissipation”, 2026, in preparation
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{580A" Open quantum systems

U

environment
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{580A" Open quantum systems

U

Typically we assume:

environment Weak coupling

Fast bath
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W ISBOA Open quantum systems
Typically we assume:
environment Weak coupling Markovian evolution

Fast bath (Lindblad equation)
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Open quantum systems

Typically we assume:

Weak coupling Markovian evolution
Fast bath (Lindblad equation)

However, realistic environments have more
structure and lead to non-Markovian dynamics
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environment

non-Markovian
(memory)

Open quantum systems

Typically we assume:

Weak coupling Markovian evolution
Fast bath (Lindblad equation)

However, realistic environments have more
structure and lead to non-Markovian dynamics
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Markovian limit

For v = f, = 0 (Markovian dynamics), there is exponential relaxation: iG*(r) = O(t)(Tr [poo{ x:(0), ;(l.}]) ~ e A

1

—o—T, GE(t)
—=—FE,, Grr(7), T =0.002 | &

Chaos Dissipation

(crossover) '
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0 0.2 0.4 0.6 0.8 How is this picture modified for

ulJ non-Markovian baths?

Garcia-Garcia, Antonio M., et al. "Keldysh wormholes and
anomalous relaxation in the dissipative Sachdev-Ye-Kitaev
model." Physical Review D 107.10 (2023): 106006.
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TECNICO
W ISBOA Memory kernel
Introducing the ai(z), the Keldysh functional reads: Z = JH@ai eXP{iS[ai]}
iS[a;] = iJ dz %Z a;(z)io,a z) — iJ dz Z Jiwa(2)az)a(2)a z) + J dzdz' n K(z,7) Z a(z)a(z’)
¢ i Cigj<k<l ¢ j

The memory kernel can be written in terms of Qiz,7) = —iT Y ()Y (2)))

K> (w) = = |1 — ny(w)| D(w)
K(z,7) = — i€z, 7))
K~(w) = n{(w)D(w)
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USB0A. Solutions of SD equations

We solve the Schwinger-Dyson equations on a frequency grid, by iterating until self-consistency

J=1,u=08, A=10,8,=0
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Depending on the parameters, decay can be exponential or algebraic (power-law).
GEX(1) = A/t? + Be ' sin(Qz + ¢)
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{580A" Characterisation of power-law

U
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GEX(1) = A/t? + Be ' sin(Qz + ¢)

Infinite-temperature solutions
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W 5B0A- Characterisation of exponential
+

GEX(1) = A/t? + Be ' sin(Qz + ¢)

Infinite-temperature solutions
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- The system obeys

- We still have p(w) =py—clw|”
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pt(w) = tanh (

GR@t) ~ 1/¢1%

Prw
2

) p~(w)

Robustness to finite temperature
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