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The XY Chain

AN ANISOTROPIC XY CHAIN IN RANDOM TRANSVERSAL MAGNETIC FIELD

- Zﬂj[(l +7)070741 + (1 —y5)afad 4] - Z Vja;

e A =[1,n], Ap a block of spins (subinterval of A).

e The Hilbert space: H := ®”Hx = (C?H)®"  dimH = 2"
TEN

® 1, v; and v; are i.i.d.
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The XY Chain

JORDAN-WIGNER TRANSFORM

\L Jordan-Wigner i

* N * * *\1t
H=C"MC, C:=(c1,¢],c2,¢5, ... Cn,Ch)".

n

M is the block Jacobi matrix

—v10® S(n)
M = MlS(Vl)t )
/’Ln—ls(’}/n—l)
,unfls('}’nfl)t —Vpo~

so=(2, )= (5 2
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The XY Chain

ASSUMPTIONS

Assumptions:
@ The XY chain H has almost sure simple spectrum.

o M satisfies eigencorrelator localization, i.e
E <Sup|g‘§1 Hg(M)ij) < Co(1+|j — k|)~?, for some 5 > 6.

Applications:
pj =, v; = forall j € N.
vj are i.i.d from an absolutely continuous, compactly supported
distribution.
e Isotropic case (y = 0): M — Anderson Model.
e Anisotropic case (v # 0):

» Large disorder case. Elgart /Shamis/Sodin (2012).
» Uniform spectral gap for M around zero. Chapman /Stolz (2014).
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Dynamical Entanglement
THE ENTANGLEMENT ENTROPY AND THE ENTANGLEMENT OF FORMATION

XEY X

Fix Ag C A, consider the decomposition:

M =Ha, ® Havn, Where Hpyy = ) He, Havng= Q) Heo (1)
z€Ao z€A\Ag

Let p be a pure state in B(H), then

5<P) =—-Tr [ﬂl log pl] , Where pl = Try, p.

For any (mixed) state p € B(#), then

Ey(p) = piﬂi Zpkg ([96))¥k])-
Yk L
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Dynamical Entanglement
MOTIVATION QUESTION

*—0—0—0 0—0—0—0—0-0

For 1 < ¢ <mn, let Hyy g and Hs, 1, be the restrictions of H to the
corresponding interval.

Let p(l) and p(2) be any eigenstates/thermal states of H; ; and
Hip i1 ), respectively.

We study p; := e 1 (p(l) ® p(2)) ettt

@ p¢ is an entangled state with respect to H{1 g ® H{p1 1,y
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Dynamical Entanglement
MOTIVATION QUESTION

*—0—0—0 0—0—0—0—0-0

For 1 < ¢ <mn, let Hyy g and Hs, 1, be the restrictions of H to the
corresponding interval.

Let p(l) and p(2) be any eigenstates/thermal states of H; ; and
Hip i1 ), respectively.

We study p; := e 1 (p(l) ® p(2)) ettt
@ p¢ is an entangled state with respect to H{1 g ® H{p1 1,y

Question:
What can we say about the entanglement of p;?
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Dynamical Entanglement
PROBLEM SETTING

@g@(ogo)(om@gﬂ

In general
e Decompose A into disjoint intervals A, Ao, ..., Ay,

e Hp, is the restriction of H to Ay.

@ 1, is an eigenfunction of Hy,, and pi = |¢k) (k.

o Define p = @)L, pr, and its dynamics p; = e~ peitfl,

*—o—0—-0 000 000 00090
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Dynamical Entanglement: MAIN THEOREM

DYNAMICS OF PRODUCTS OF EIGENSTATES

@oo}@ oﬁgo:@’o}

THEOREM

There exists C' < oo such that

t{Yrte=12,...,

E ( sup S(pt)> <C

for all n, m, any choice of the interval Ag C A and all decompositions
Aiy.. . Ay of A=[1,n].
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Dynamical Entanglement: COROLLARIES

DyNAMICS OF PRODUCT OF THERMAL STATES

LR OCN XOIC ;:;:75@»3¢D

@ pg, is a thermal state of Hj, .

itH eitd

e Define pg = @}, ps,. and its dynamics (pg); = e """ pge

Result:

EG@EMM%OSC

t?B
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Dynamical Entanglement: COROLLARIES

DyNamics oF UP-DOWN SPINS

Ifm=n

@ number of decompositions is n.

e eigenfunctions are up and down spins: e :=| 1) and ej :=| |).

For a = (al,ag, .

with « is given by:

Result:

HoussaM ABDUL-RAHMAN

. an) € {1,1}", the up-down configuration associated

€a = €aq B eay ®...R eq,

E <sup E(eitH|ea><ea|eitH)> < C.

Barderson, Pollman, and Moore (2012).
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Dynamical Entanglement: COROLLARIES

ENTANGLEMENT OF EIGENSTATES

For m =1 (No Decomposition)

Let ¢ be an eigenfunction of the full XY chain H.

Result: |[E <sup 5(|1[)> <LZJ|)> < C. Pastur/Slavin (2014). AR/Stolz (2015).
P

Let pg be a thermal state of the full XY chain H.

Result: |E (sup Ef(p3)> < C.
B
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Particle Number Transport

AN IsoTrOPIC XY CHAIN IN RANDOM TRANSVERSAL MAGNETIC FIELD

n—1 n
A T _T Yy . z
Hiso = E (050741 + 0507, 1] g vjo;

\L Jordan-Wigner \L

Hio = c*Ac+ (ZJ Vj) 1, where ¢ := (c1,c2,...,cn)t.

A=]| , E| sup [(ej,g(A)er)| | < Ce M=k,
e lgl<1
[ —Vn
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Particle Number Transport

THE PARTICLE NUMBER OPERATOR

N =Y "ler)erl; and N := " |er)(eq;.

JEA jeS

Neq = keq, where k= |{j : o =1}

Let p = |ea) (€| then (N), :=Tr Np = k is the expected number of
up-spins.

[H,N] =0 = The number of up-spins is conserved in time.

tHiso peitfiso s the time evolution of p.

° pp=¢€

(Ns), is the expected number of up-spins in S at time .
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Particle Number Transport
RESULTS

- =
e Fix Sy C A and Sy C A\ [min Sj, max S1].

n
e Initial state: p = ® <7(7)J . _0

Jj=1

), with n; = 0 for all j ¢ Ss.
j

4C

E (sngsl)pt) <

( )2 e—ndist(sl,SQ)
14e

Similar results for disordered Tonks-Girardeau gas, Seiringer/Warzel (2016).
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Energy Transport

IsoTrOPIC CASE

TCr=the Aok oty
e Fix S1 =[a,b] C Aand Sy C A\ 5.

n
o Initial state: p = ® (%J . _0
j=1

), with n; = 0 for all j ¢ Ss.
j

4CD

B (sup () — (sl ) < ¢

e—ndist(S1,Sz)
1+em)2
where D = sup,, ||A,]|.
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Energy Transport

ANISOTROPIC CASE

XX X

e Fix 8 =a,b] CA.
@ Hg is the restriction of the XY chain to S.

n
o Initial state: p:® (%3 1 077 >
-

=1

B (sup (s}, — (Fs),]) < ©
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Thank you.
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