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Question

Are topological phase protected form contact with the world?

Choosing:
Observables and states=—> immunity J
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-
Ambiguity: Which transport coefficients?

Open vs. isolated systems

F. spring —

Vanchor (_M/\._) FfriniO”

F as response to V.
Which F?
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-
Ambiguity: Which transport coefficients?

Open vs. isolated systems

F. spring —

Vanchor (_M/\._) Ffriction

F as response to V.
Which F?

Open systems
pen sy Isolated system
o Fgiction=—v V o F 0
friction —
o Feprineg =1 V
spring o F, spring — F Total

0 Fromi =P =0V
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Sources of ambiguities
Tensor product & Observables

System

Bath
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Sources of ambiguities
Tensor product & Observables

System ? Bath

Ambiguous tensor decomposition

/ /
Hsystem ® Hpath = H system & H' path
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Sources of ambiguities
Tensor product & Observables

System ? Bath

Ambiguous tensor decomposition l

/ /
Hsystem ® Hpath = H system & H' path

Ambiguous observables of sub-system
H = Hs ® 1+ Hinteraction +1® Hb J
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Ambiguity in fluxes (aka rates aka currents)

. * o,
Q= Zj<0 d; dj

System

—> lleft—) right
e o6 o o o o

Isystem—)bath

Bath
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Ambiguity in fluxes (aka rates aka currents)

Q=2 023 System

—> lleft—) right
e 6 o6 o o6 |06 o o o o o

Bath

Isystem—>bath

Q®1l
lieft—right = i[Hs, Q]

ITotal = i[Hs+ba Q ® ]l]

Formulate an /7,: as a property of the system

Yosi Avron, Martin Fraas, Gian Michele Graf Adiabatic response of open systems December 17, 2015 5/18



Krauss maps

Krauss maps

Uni
|¢>5+3 0) nitary

[9) sy (1)
Trb Trb

Krauss
ps(o) —_— ps(t)
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Krauss maps

Krauss maps

Uni
|¢>5+3 0) nitary

[¥)sy5 ()
Trb Trb

Krauss
ps(o) —_— ps(t)

Kraus: Positivity and Trace preserving

prr S KoK, VKK =1

KpKT = (K\/p)(K/p) >0

Trpe Y TrKpK] = Tr <ZKTK)p
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Lindbladians

Generators of Krauss maps

prp+ 6tLp p—= Y KipK]
—— ——
generator positive
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Lindbladians

Generators of Krauss maps

pr=p+ otLp pr 3 KipK]
S~ ~——
generator positive

Ko=1+4tTo, K=Votl, LKiK=1
trace preserving: Mo + FE + Z r}rj =0

Solve for I'o: o= —iH — 331,
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Lindbladians

Generators of Krauss maps

pr=p+ otLp pr 3 KipK]
~—~— ~——
generator positive

Ko:]l—Fétro, fg:\/&rj’ Z/{JTI(J:]I
trace preserving: g+ I'g +> FJTFJ- =0
Solve for I'o: o= —iH — 331,

Lindbladians
Lp=—ilH,p]+Dp

Dp =Y 20pM 1 =TT ;p — pl'iT;
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Schrodinger and Heisenberg

States and Observables

Adjoint (Banach space) Observables States
Tr (X Ap) = Tr((A*X)p) I1X]| < oo Trp < >
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Schrodinger and Heisenberg

States and Observables

Adjoint (Banach space) Observables States
Tr (XAp) = Tr((A*X)p) J

[X]| < o0 Trp < o0

Lp=—i[H,p|+2Tprt —TTrp — prtr
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Schrodinger and Heisenberg

States and Observables

Adjoint (Banach space) J Observables States

Tr (XAp) = Tr((AX)r) XSS 7, < o

Lp=—i[H, p|+2Mplt —TTrp— prir
L5 X = +i[H,X] + [T, X]I +TT[X,T]
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Schrodinger and Heisenberg

States and Observables

Adjoint (Banach space) J Observables States

Tr (XAp) = Tr((AX)r) XSS 7, < o

Lp=—i[H, p|+2Mplt —TTrp— prir
L5 X = +i[H,X] + [T, X]I +TT[X,T]

Schrodinger and Heisenberg
p=Lp, X=LX
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Lindbladians

Fluxes (aka rates) £*Q

Two notions of currents in open systems

System

® eQ0 o o

—> l/eft—> right
o 6 o o o o

Isystem—) bath

Bath
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Lindbladians

Fluxes (aka rates) £*Q

Two notions of currents in open systems

System
—1—> left—right
o [ JON ) ([ ([ ([ o o o ([ o
Isystem—)bath Bath
Left-right current
//eft—>right = ’[Ha Q] = IAd(H)Q J
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Fluxes (aka rates) £*Q

Two notions of currents in open systems

System

A /Ieft—>right
e o606 o oo o o o o o

Isystem—)bath Bath
Left-right current
//eft—>right = ’[Ha Q] = IAd(H)Q J

Flux: Total current
ITotaI: QZK*Q J
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Lindbladians

Loop currents are not rates

Fluxes vanish in stationary states:

loop = =5 H # £*Q
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Stationary states of £

Towards adiabatic theory of fluxes

L*1 =0 = 0 eSpectrum(L)
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Stationary states of £

Towards adiabatic theory of fluxes

L*1 =0 = 0 eSpectrum(L)

[ Xou |

generic KerL

g3 01

If dimH < co dim Ker £=1 generically
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Fluxes

Fluxes vanish in stationary states

Fluxes vanish in stationary states:
Tr Q c=0

Tr Qo= Tr (L*Q)o = Tr QLo =0

Yosi Avron, Martin Fraas, Gian Michele Graf Adiabatic response of open systems December 17, 2015 12 /18



Fluxes

Adiabatic expansion for fluxes

Slow manifold

Adiabatic evolutions Ot
ep=~Lp, K1 ’

00
Adiabatic expansion
— -1
pr =0 +eL T 0+ .. l
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Fluxes

Q in adiabatically evolving state

No need to invert £

The magic
TrQpe ~ Tr Qo
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Fluxes

Q in adiabatically evolving state

No need to invert £

The magic
Tr Q,Ot ~ Tr QO't

p:crt+6£_1c'ft+...
£tpt = €££710.'+ 00 o BY Ed't

Tr th = %Tr LXQpr = Tr QLipr = Tr Qo

The irrelevant dynamics

Adiabatic fluxes oblivious to £. Only care about &
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Fluxes

Sharing stationary states.

Sharing instantaneous stationary states
KerL: = Ker(Ad Hy)

Example: D = yAd?(H)

photon
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Fluxes

Geometry of transport

Transport coefficients

¢ control plane 0 = (0uo) Q.su

Tr th ~ Tr(Q0,0) \qﬁﬁ/

response driving

Transport coefficient
F, = Tr(Q0,0)

Oblivious to L, cares bout ¢
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Fluxes

Transport coefficients & Adiabatic curvature

U(g) = e
o(¢) = U(g)aU*(9)
0uo = i[Qyu, o]

Transport coefficients
F/u/ =ilr [Q;u QV]U ’

If o projections
Fruw = i Tro[0u0,0,0]
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Fluxes

Conclusions and Overview
Views of the QHE

®2 ¢1

<

Macroscopic Multiply connected
£Q=2H SH
Index=Chern Chern

Gap condition? Dissipation: Kahler geometry
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