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Fiir die Anregungsﬁahrscheinlichkﬂit |a|® des oberen Zustandes ist von
vornherein ein exponentieller Abfall zu erwarten. Wir versuchen daher

den Ansatz
6 = ¢—inTlt, (154a)
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¥
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Reversible:--- A
But decaying is irreversible:---
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Question

1970: Schulman proposed to use semi-group to
implement irreversibility.

1971: Williams

1971: Horwitz et.al

1972: Sinha

1976 May: Gorini Kossakowski Sudarshan N-level
1976: Lindblad derived general form of equation solved
by semi-group
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Non-Hermitian Hamiltonian
Assumption
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\c.

[13[,0] = =i (Heppp(t) — p()HJps) + ZVZ an(t)Li,J N2 x N2
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Markovian approximation
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> 1976: Gorini, Kossakowski, Sudarshan and Lindblad

J

» 2024: Taira, Hatano, Nishino Non-Hermitian and non-
linear Hamiltonian with Feshbach formalism.

https://arxiv.org/abs/2406.17436
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> 1976: Gorini, Kossakowski, Sudarshan and Lindblad
{L[p] = —i (Hoppp(t) — p(DH] ) + ZVZan(t)L;Q}

n
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Hs Hp [Heff = Hy — iz LJ{an}
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> 2023: Taira, T. (2024). J. Phys. A 57(5), 055001.

[L[p] = —i (Heprp(t) — p(DH] ;1) + ZVZ an(t)L;Q}
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HBCS
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(HB

<{—; Cooper pair

t ture T
_temperature
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Large bath with

J

Classical magnetic field
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Hro, = Hpcs [CL c1] + Hipt [CJ{,Cz, CL co] + HNH[C;: c2]
N2

Hpcs = / dr Y (M [—2—?1” (V—ied) - p,ll e10 ()

o=T,
—gel, (Pl (P ery (Fen(7),

= [ @Y &0 -gn (V-ied)’ - ] car?

o="{

Hiny = —p / d’r clyel eareay + eyl erreny.
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;
HTot[Ci' C:r] = HTot[Ci' C:r]

[L[p — i (Hosrp(0) - p(t)Heff)HVZan(t)LLI

[Heff=Hs—i2 L J Jump term

n
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;
HTot[Ci' C:r] = HTot[Ci' C”

Cooper pair [Heff — Hg — iz L_TI:LLTLJ
Ly = chicnr =
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Serr [, ] ]

Non-Hermitian
Mean field theory ‘ ?

S, WA, A

See appendix 1 7
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g[lpii l/);I-AUZl]
‘ Integrate out in
partition function

Seaffldi, A

See appendix 1 8
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e,g) = k?/2m;

+—(A Ag + AsAp) + AlAl + —AzAQ,
1Yg vy

w, = (2n + 1)nT Matsubara frequency
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> 2023: Taira, T. (2024). J. Phys. A 57(5), 055001.

e="56="F
14 9

See appendix

Se
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/ d°r a1 V; A1V A (6)
| __ __

o (7“1 = 5 = 7"252) A1A1 +uy (AlAl)2

+aoV; AV Ay + (7‘2 — —.—> Ay Ay

1 _ -
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Non-Hermitian mass matrixf
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OSerf
54,

vl

V X =0 » V X B = AvacByac

A=A
0 | B,
0

See appendix 2 6
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Bx — e_\/AvacAvac X

See appendix 2 7
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> 2023: Taira, T. (2024). J. Phys. A 57(5), 055001.

OSefy--
OA

0 WP M, A, = 0 Right eigenvector

OSerr _

= 0 W) A,.M =0 Lefteigenvector

A,ac0yqe = 0 at the exceptional point!!

See appendix 2 9
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Bx — e_\/AvacAvac X
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—-sol 1 € T e
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BX — e_\/AvacAva(; X
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T2+ =
2
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Meissner effect

> 2023: Taira, T. (2024). J. Phys. A 57(5), 055001.

Bx — e_\/AvacAvac X

f

2 :
V25 — 4126 = Ei‘ﬂAiol]
K

o]}

1935 London equation

//
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Meissner effect e e U aa L
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Meissner effect R L ek ek O

5 2e’oh—so .
VB = ZHAYAP L+ [ =6+ =5 i
K ’7T2+ T2+’Y_2

-le b

SSB happens but still

Meissner effect
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Future prospect

- Can same argument hold with jump term?
- What about non-Markovian case?

- Application to increase the critical temperature of
superconductor?
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Consistency equation

1

@ # Ay, AL # A,: Auxiliary fields in MFT
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> 2023: Taira, T.(2024). J. Phys. A 57(5), 055001.
VXA=RB

S]]

2
s | 2e*a2-cso
V25 = & PR3 Aol 1+V(—5+5 £ ek )

See appendix
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i, + eV Al—l—fiAg) /

Seg = —Trlog | __ k_ vy 5
g g(AﬁﬁA? i, — )

05 off

Trlog W, —I—eg) Ag+ Ay =0
Ag -+ iﬁl z'wn — 6%2) 5Al
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Yg 1Y

Gap equations
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Method

Gap equations
Dropping 0(e?)

from gap eq
Ae = Al — iEAz
AS = Az + 6A1
€E = ££3 O = K
|4 g
5 Y

|

Hermitian | . * Non-
BCS theory Hermitian
theory

5=1i0, vi=\11.7 , vo=4/9.47

|

|Ae]

A 1/2
(AsAs)
—— BCS

| Ae | 1
895|110
VAsAs -
|ages | " 110
Be] 1
|ages |’ 20
N \BsAs el
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