
8 Topology o ffinite-temperature-
aydilibn.am#adgsa--offemions

S o fa r w e have discussed isolating many-body ground
sta te of fermion Hattie hamiltonians .

• Wha t survivor o f topological properties a t T I O ?

• Can w e extend t h e concept o f topology t o
steady states of open systems?

8.1Gaussianmixedstahes--
S.cof a r w e have d i s c u s s e d non-interacting fermions
w i t h B l o c h h am i l t o nI a n s o f t h e s t ruc tu re
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N o w w e w a n t t o consider m i x e d states, i .e .
density ma k e s i n s o - c a l l e d G a u s s i a n states
which a r e t h e equivalent o f hon-interacting fermions.

Gauss ian states a r e fully determined by single-



particle correlations. We a s s u m e f a r simplicity
t h a t a n o rma l correlations van i sh , i .e .
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• Thermal s t a t e s o f non-interacting Hami l ton ian s

8 = ¥ expfp.CH-NN))
a r e obviouslyG a u s s i a n . ß = 11hi s t

• They a l s o a r i z e a s (unique) steadystates
O f L i n db l a d i o n s w i t h quadratic Hamiltonian s
a n d l i n e a r L indb lad operators, i fSacha s ta te
e x i s t s .
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propertiesofGaussionstat
e Wich's theorem holds, i .e . a l l higher-order

cor re la t ions c a n b e reduced t o Single-
particle correlations <C fc ; ) C a l c i o ; )
i f a n o m a l correlations exist)

• g i s fullydetermined by matrix Gig.

8 . 2 Topological invar iants fo r m i xed

st-THneh-bphase.SI
order t o define topological invariants fo r purestakes

w e m a d e u s e o f geometric phases . H o w c a n w e

generalize t h i s t o density matrices?

CAIBerryphaseandBengpa-eltranspost

Consider p u r e states g = I n < z u I depending
o n a parameter 7 i n a periodic way
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CBIUhlmannconnedionandahlmannphal
t generalization o f U M Berry phases t o density
M a t i a s w a s i n t roduced by U h l m a n n
(Rep.Ma t h . Phys.
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9 : N x N mau x

S = W W t W = N × N n a t i x

gaugedegree of freedom U E Ü unitaryN xN

w → W U w t → G t w

N o w consider 8 = 8 4 ) = W E H W t f )

freedom
w → u h
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i - i - E . i e
O n e c a n define a parallel transporto f matias
W M → W H t a z requiring

11WIN-Weitadtimin
Making a d o s e d loop i n t h e parameters
l e a d s t o a U h r ) generalization o f
t h e Berg phase.



O n e c a n reduce t h i s t o a U k ) phase

OEargfodztrswtudzw--
dhln.am phase

The Uhlmann phasec a n b e u s e d e in analogg. t o
t h e Z a k phase t o de f i n e a topological invariant
i n 1 + 1 dimens ions (Viyuela P R L 112,130401Kord)

Example:SSHmoddatfinitotioto-
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finite-T topological phase transition a t F - To

The Uhlmann phase i s however n o tsu i tab le i n 2D -s h own by B u d i c h a n d D i c h t PRB91,165140
(2015)



They considered t h e asymmetric Qi-Wu-Zhang model
i n 2 D
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Note t h e factor of 3 a s compared t o e g .
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O n e finds fo r cer ta in values o f T
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8.3Topdogicalinoaanaanbmfagym.ixeds
tab.FI3alktranspabodypolarizationan

Chapter 1 w e haveseen tha t a non-trivialwindingo f the
Z a k phase i n a n insulating may-body state o f a
t ime per iod ic Hami l ton ian l e a d s t o a quantized adiabatic

particle transport i n t h e b u l k

I n = ¥ § d t 0¥24 C - &

S O Whi le ¢ z u c a n n o longerb eused,perhaps
I n c a n ?



kBTI J E gap

A s s o o n a s KßT = J E
g a p

the rei s a sizable fraction

o f particles i n t h e u p p e r b a n d i n wh ich t h et r a n s -i s i n t h e opposite direction

break-down o f quantized b u l k transport⇒ a f f i n i t
CAIMang-bodypdarizah.-
INChapter 1 w e have u s e d t h e centerOf m a s s o fWannier
functions i n a k n i t cell, e g . 150),a n d f o u n d
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Th is quantity i s referred t o a s polarization. A s shown
by R e s t a ( P R I , 18004998)) t h e polarization c a n



b e formulated f o r periodic system a s t h e phase
O f a many-body observable
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Note t h a t F -
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is t h e unitary momen t um

shift operator.S ince t h e system i s translational invariant
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CBIEnsemblegeometriepha-
the expression f o r P c a n trivially b e extended t o

m i x e d s t a t e s

LandF l u c h → T r { SF }
Th i s defines t h e e n s e m b l e geometricpha se
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F o r F - 0 ¢ E G P = ¢ Z A K

I n Bardynetal. P RX§ , 01103512018) w e haveshown
t h a t f o r Gau s s i a n m i x e d states w i t h integer telling
per u n i t c e l l

PCst-PGzpcz.si/tO(L--
whe re 1 4 ) i s t h e groundstate o f the
fictitious Hami l ton ian
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example Rice-Mele
m o d e l a t d i f fe ren t
a n d L
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Also t h e Polarization cambensedtodelineaproper
Chemnambe r i n 213
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