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THE MANY-BoODY HILBERT SPACE

A=[1,n]:={1,2,...,n}.

For each vertex = € A we associate the Hilbert space H, := C2.

The Hilbert space associated with the system is

M= Q) He = (C*)*"

zEA

p € B(H) is a pure state if p > 0, Trp =1, and p? = p.

@ There is a one to one correspondence between pure states and rank
one projections.
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THE BIPARTITE ENTANGLEMENTS

© o0 @@ e

Fix Ag C A, consider the decomposition:

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

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

o p is separable: if there exist pure states p(t) € B(H,,) and
p'?) € B(Ha\a,), such that p = pD) @ p(2).

e p is entangled: if it is not separable.
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ENTANGLEMENT ENTROPY

The Entanglement Entropy of a pure state p with respect to the
decomposition Ha, ® Ha\a, is defined as follows:

E(p) = —Tr[p1logp1], where p1 = Try, p.

For any pure state p € B(H):
e E(p)>0.

e &(p) =0 if and only if p is product state (Not Entangled).

o £(p) < (log2)|Ap| (volume scaling).
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AN XY CHAIN IN TRANSVERSAL MAGNETIC FIELD

n—1

= il +)otod, + (1 — )0l ] Zu]
j=1

o Hilbert space H = (C2)®A
o A =[1,n], Ap a block of spins (subinterval of A).
® i, v; and v; are i.i.d.

0 1 0 —1 1 0
T _ Yy _ z _
(o) 2ol a) b b

Aj acts on the 4t component of the tensor product, i.e.

A;j=1%0"D 04 g180) s
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JORDAN-WIGNER TRANSFORM

n—1
==l +7)o505s + (1= )ofod,] - Z”ﬂ
j=1
wa_ (00N (01
1 0/’ 0 0
° 0f =a;+aj, J]y =i(a; —aj), and 0% = 2aja; — 1
° cri=a1, ¢i=0705...0;_1a5,j>1
o H =C*MC, where C := (c1,ct,ca,¢5, ..., cnych)t ues
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EFFECTIVE ONE-PARTICLE HAMILTONIAN

* N * * *\t
H=C"MC, C:=(c1,¢],¢2,Coy ... Cn,Cp)".

n

M is the block Jacobi matrix

—vo®  wmS(n)
Moo | S’

Y

Hn—15(Yn—1)
:U’n—15<7n—1)t —vp0~

. 1 ol 1 0
_ .z [T oz
where S(v) = 0% 4+ iyo¥ = <_7 _1). Recall that: 0% = <0 _1> .
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MOTIVATION QUESTION
*—0—0—0 00009090

e For1 < /¢ <mn,let Hy g and Hys 4y, be the restrictions of H to the
corresponding interval.

o Let p(M) and p® be any eigenstates of Hiy g and Hpy ),
respectively.

o We study the Schrédinger dynamics p; of p(!) @ p() with respect to

the full chain: ' A
pp o= e"itH <p(1) ® p(z)) GitH

o Note that p; is an Entangled state with respect to H; g ® Hipy1,p)-
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MOTIVATION QUESTION
*—0—0—0 00009090

e For1 < /¢ <mn,let Hy g and Hys 4y, be the restrictions of H to the
corresponding interval.

o Let p(M) and p® be any eigenstates of Hiy g and Hpy ),
respectively.

o We study the Schrédinger dynamics p; of p(!) @ p() with respect to
the full chain:
pp o= e"itH <p(1) ® p(z)) GitH
o Note that p; is an Entangled state with respect to H; g ® Hipy1,p)-

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

@g@(ogo)(om@gﬂ

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

e Hy, is the restriction of H to Ay.

e iy is an eigenfunction of Hy,, and py = |¢g) (V]

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

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

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

Applications:
pi =, 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 (y # 0):
» Large disorder case: Elgart, Shamis, and Sodin (2012).
» Uniform Spectral gap for M around zero: Chapman and Stolz (%
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AN AREA LaAw

THEOREM
Then there exists C < oo such that
E sup Elp) | <C
t{Yrktr=1,2,..,m
for all n, m, any choice of the interval Ag C A and all decompositions

Ay, Ay of A=[1,n).

Hamza/Sims/Stolz (2012).
Nachtergale/Sims/Stolz (2013).
Sims/Warzel (2016).
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COROLLARIES

DyNamics oF UP-DOWN SPINS

If m=n

@ number of decompositions is n.

@ eigenfunctions are up and down spins:

ol -l

For a = (a1, g, ...,ap) € {1,]}", define the up-down configuration
associated with «:

Ea = €ay B eay ®...R eq,
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COROLLARIES
DyNamics oF UP-DOWN SPINS
If m=n
@ number of decompositions is n.

@ eigenfunctions are up and down spins:

ol -l

For a = (a1, g, ...,ap) € {1,]}", define the up-down configuration
associated with «:
Ea = €ay B eay ®...R eq,

Result:

Eigencorrelator localization of M = E <sup E(e e, ) (eq e
[e%
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COROLLARIES

ENTANGLEMENT OF EIGENSTATES

For m =1 (No Decomposition)

Let ¥ be an eigenfunction of the full XY chain H.
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COROLLARIES

ENTANGLEMENT OF EIGENSTATES

For m =1 (No Decomposition)
Let ¥ be an eigenfunction of the full XY chain H.

Result:

Eigencorrelator localization of M = E | sup E(|¢)(¢]) | < C.
P

Pasture/Slavin (2014).
AR/Stolz (2015).
Elgart/Pasture/Shcherbina (2015).
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PARTICLE NUMBER TRANSPORT

n—1 n
_ T T y_y _ 2
Hy = g [050741 + 007, ] g vjo;
j=1 j=1

The particle number operator N := Z ler) (er];-
j=1
o Neq = keq, where k = #{j : o =1}.
o Let p =leq)(eq| then (N), :=TrNp =k.

o [0, A/l = 0 = the number of up-spins is conserved in time.

o Ns:=> .cqlet)(er]; counts the number of up-spins in S C A,
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P——M%S)

S ST e

o FixAOCAandSCA\Ao.

o Initial state: p = |¢)(¢|, where ¢ = (e1)®0 ® (e))®M\No

THEOREM

For the isotropic XY chain, there exist constants C,n < oo such that

L (Sup<NS>Pt> < CeMd(A0,5)
t

Similar results for disordered Tonks-Girardeau Gas, Seiringer and Warzel (2016) w
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Thank you.
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