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Motivation

1. Is the strong-to-weak symmetry breaking in open systems G, X G, — Gy
explicit or spontaneous?

2. What about breaking a discrete symmetry? DXLy — 2,

3. Can we probe strong-to-weak symmetry breaking via an order (6) + 0
parameter and an expectation value?
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Motivation

1. Is the strong-to-weak symmetry breaking in open systems G, X G, — Gy
explicit or spontaneous?

2. What about breaking a discrete symmetry? Iy X Ly — 2,

3. Can we probe strong-to-weak symmetry breaking via an order (6) + 0
parameter and an expectation value?

SYK System
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Take Away
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é 1 * SYMMETRIC Probe for dynamical SW-SSB of fermion parity

Evolution time
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Outline

[) Model and Path Integral
[I) Symmetries

[IT) Phase Diagram
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[) Model and Path Integral

p=L(p) = — i[Hgyg pl + Z ( pL?——{LL*,p})

SYK Hamiltonian Jump Operators

[Maldacena, Douglas, PRD (2016)] 5S4, Ribeiro, Prosen, PRR (2022)]
Kulkarni, Numasawa, Ryu, PRB (2022)]

Kawabata et al, PRB (2023)]

Hgyp = Z ikt Wy
' isJ k. 1=1 1. Linear jump operators L, = /'
e N Majoranas e All to all random couplings o .
P 2. Quadratic jump operators L;; = ——y'y/
s WLt =9 o (Jiix» =0 VN
G J23v
e (W) =y ¢ 1]kl> —

Amaury Jean Phases and Symmetry Breaking in the Dissipative SYK Model Contours 2026 - Cambridge



[) Model and Path Integral

| 1
p=ZL(p)=—i[Hgy,p] + Z (LiPL; — E{LiL;,p}>

Vectorisation Diagrams

o p =) pilDG1I = 1o =) pylid, i) I P N o) | = p
] ]

o Wyt >yl (—iyk)|p) ‘@_ P _@ ’ @ P)

e Time evolution |p(T)))) = et | p)) —P(TL)_ —> elLL ‘P>>
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[) Model and Path Integral

Keldysh double contour path integral

y_(1) "

| |
e Microscopic action: iS[y,,y_]| = J dt — 51//+(t)0t1//+(t) — El/f—(t)a#//—(t) + &£
0

Gab(t’ l") — [5ab5(t — t/) iat/ — Zab(t’ t,)] -

l . .
e Collective fields: G (t, 1) = — ~ Z Wé(t)l[/}i(l‘/)
] >t t)=—=J%,G (t,t) +2K*G (1, 0)5(t — 1)

o Large N equations of motion for G,,,G__,G,_,G_, [S4, Ribeiro, Prosen, PRR (2022)]
[Kawabata et al, PRB (2023)]
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IT) Symmetries

K* o
S = =i+ - = ) wiwlylyd -

Disorder Collective
average fields

N Symmetry| Transformation
Operator
Complex % Complex
Conjugation Conjugation
Swap O W, — F YL
+ Sector Fermion

Parity P, Ve = + Vs
Total Fermion b e = —

Parity
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S4a, Ribeiro, Prosen, PRX (2023)]
Kawabata et al, PRX Quantum (2023)]

l,]

K°N
4
Symmetry | Symmetry
Name ngmitry of the of Saddle
PErator | Action | Solutions
C M(.)dulaor QoK Yes Imposed
onjugation
Swap QO Yes POSS ;11;)16
+ Sector -
) P
Fermion P, Yes OSS ;1}13)16
Parity
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IT) Symmetries

K* o
S = =i+ - = ) wiwlylyd -

Symmetry | Symmetry

Name S())rmmet:try of the of Saddle

PEratot | Action | Solutions

C M(.)dulafr QoK Yes Imposed

onjugation
Swap QO Yes POSS ;1}[3)16
+ Sector Possible
Parity Py Yes SSB
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i,
Weak and strong symmetry

o UpU'" = p, weak.
o Up =e'’p, strong.

Weak and strong fermion parity
» PpP=p = P.P_|p)) =|p)),weak.
e Pp=xp = P, [p) ==x|p)),strong.
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I1) Symmetries
K KN

L= — iHYK 4 iHPTR N 1//__1//_1//+1//~’_ — hzz 1//+1//f —

i,
Strong-to-weak spontaneous symmetry breaking

- [Lessa et al, PRX Quantum (2025)]
(SW SSB) [Ma, Turzillo, PRX Quantum (2025)] [Wang 2606.025535]

e Breaking Z, X Z, — diag(Z, X Z,)

Po)=%1p) _
PP ipy=lpy o AHlen=le

< . ple G, el p))
e Order parameter &, = — N Z [/j{l_ y Iim Iim ;é 0
J

h=0N=c0  ((p|eliZi eTi?n| p))

e Charged P, &%, P, =—9G_

Probe for dynamical SW-SSB of fermion parity
e Neutral PP G, PP =6 _
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[1I) Phase Diagram

eTngzcg eTLgh
po 42 y_e 7 p)) 40

h—0 N->oo «p ‘ eTLg;z eliZ ‘p»

Pure state maximally entangled with a reference: |y) = Z 17) | i)

l

Density matrix: p = Z D) 1) pU T 5
L,J

Vectorised state on double contour: | p)) = Z | Dpi 1) ® ) r1])-
L,J
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[1I) Phase Diagram

b.  Pure state maximally entangled with a reference

P) = D 1Dre D)y ® 1)r 1)
,]

7.4 T,% _ [ ] +
//ﬁ e'LThel LT h ‘,0» — ﬂTLC’%hT eTLc’gh — Tr (eTLth eTL$h>
P Pp NiS[G,X]
leiig, iy T(TEn) o |96PE6 LT
lim Iim A — lim lim = lim lim
h—0 N—> oo «,0 ‘ eTLfZZ eTLth ‘p» h—0 N->oo Tr <€TL‘§Z;§ eTL3h> h—0 N->oo J@G@Z eNiS[G,Z]
— G+_(TL9 TL)

Saddle solution for cross-contour correlator probes SW-SSB
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[1I) Phase Diagram

b.  Pure state maximally entangled with a reference

P) = D 1Dre D)y ® 1)r 1)

l,]
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