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How to measure the locality of the Gibbs state?

Interacting quantum spin system definedon A C Z” , v € N.
Hiloert space Ha = @,cp Heis  Ho =CV.
Algebra of observables Ay = B(Ha) = @, B(Hz)-
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How to measure the locality of the Gibbs state?

Interacting quantum spin system definedon A C Z” , v € N.
Hilbert space Ha = @, cp Ha H, =CN.
Algebra of observables Ay = B(Ha) = @, B(Hz)-

-l

Ap = U Ans
ANEA

Local Hamiltonian H,: — sum of local terms

— An interaction on Z" is a function

U {XeZ'}— Ap, X U(X)e Ax with (X)) = U(X)*.
For each A @ Z* we define

Hy =Y ¥(X).

XCA
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How to measure the locality of the Gibbs state?

Interacting quantum spin system definedon A C Z” , v € N.
Hilbert space Ha = @, cp Ha H, =CN.
Algebra of observables Ay = B(Ha) = @, B(Hz)-

-l
Av=J An
ANEA
Local Hamiltonian H,: — sum of local terms
— An interaction on Z" is a function
U: {X e€Z'} = Az, X = U(X)e Ax with ¥(X) = U(X)*.
For each A € Z" we define

Hy =Y ¥(X).

XCA

Gibbs state at inverse temperature g > 0, A C Z"

Arg e~ BHA
pB [ A] T rI\rA (e—ﬂHA)7
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How to measure the locality of the Gibbs state?

Gibbs state at inverse temperature g8 > 0, A C Z"

Arg e BHA
P [Hal == W,

How the locality of the Hamiltonian translates to the Gibbs state?

Lieb-Robinson bound

H satisfies a Lieb-Robinson bound with decay
CLR : P(](A) X Po(A) X [0,00) X [0,00) = [0,00) if

e~ A6, B] || < || ]I BllGur (X, Y; |4)

forall A e Ax and B € Ay with XY c Aand ¢ € R.
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How to measure the locality of the Gibbs state?

Gibbs state at inverse temperature g > 0, A C Z"

A e~ BHA
Pp [ A] o Try (e—ﬁHA)’

How the locality of the Hamiltonian translates to the Gibbs state?

Lieb-Robinson bound

H satisfies a Lieb-Robinson bound with decay
CLR : P()(A) X Po(A) X [0,00) X [0,00) — [0,00) if

[[[e™* A ™, B] || < | AllIBlI¢CLr(X, Y, [t])

(1 -Ex,) (e Ae™™)|| < |A|| Cor(X, A\ X, |2])
X, ={re€Z|d(zX)<r}
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How to measure the locality of the Gibbs state?

Gibbs state at inverse temperature g > 0, A C Z"
e~ BHA
Trp ( ﬁHA) ’

How the locality of the Hamiltonian translates to the Gibbs state?

pi [Ha] :=

Lieb-Robinson bound

H satisfies a Lieb-Robinson bound with decay
CLR 3 P()(A) X Po(A) X [0,00) X [0,00) — [0,00)
Short-range = (Lr(X, Y, |t]) = | X|e~t(d(X.Y)=vlt])

sup Z H\I, ||ea|Z|+bdiam(Z) < 400

ZEA
z€Z

— We focus on three different ways to measure the locality of the Gibbs state.
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(1) Decay of correlations

Cov,(A, B) :=Try (pAB) — Trp (pA) Tra (pB)

Cov,(X;Y) = sup |Cov, (A, B)|.
AeAx : ||All=1;
BeAy : ||Bl|=1
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(1) Decay of correlations

Cov,(A, B) :=Try (pAB) — Trp (pA) Tra (pB)

Cov,(X;Y) = sup |Cov, (A, B)|.
AeAx : ||All=1;
BeAy : ||Bl|=1

|Cov, (A, B)| ~ e~ c(supp(4)supp(5)
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(1) Decay of correlations

Cov,(A, B) :=Try (pAB) — Trp (pA) Tra (pB)

Cov,(X;Y) = sup |Cov, (A, B)|.
AcAx: ||All=1;
BeAy : ||Bl|=1

|Cov, (A, B)| ~ e~ c(supp(4)supp(5)

(Uniform) decay of correlations

Let A C Z¥ and p be a state on A. We say that p satisfies decay of
correlations with respect to (pc, fpc : [0, +00) — [0, +00) and n > 0 if and
only if

Cov,(X;Y) < |X|" foc([Y )pe (A(X,Y))

forall X, Y C A.

Hp /¥ satisfies uniform decay of correlations (at inverse temperature )
<= the Gibbs states p’ﬂ" [H /] satisfy decay of correlations for the same
functions and n for every A’ C A.
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(1) Decay of correlations

(Uniform) decay of correlations

Let A C Z¥ and p be a state on A. We say that p satisfies decay of
correlations with respect to (pc, fpc : [0, +00) — [0, +00) and n > 0 if and
only if

Cov,(X;Y) < X" foe(IY )¢pe (d(X,Y))
forall X,Y C A.
H, /¥ satisfies uniform decay of correlations (at inverse temperature 3)
< the Gibbs states pg‘ [Hy] satisfy decay of correlations for the same
functions and n for every A’ C A.

e v >1, 87! =T > T*: Kliesch-Gogolin-Kastoryano-Riera-Eisert 2014
(finite range); Froélich-Ueltschi 2015 (short range);

e y=1and T > 0 + translation invariance: Araki 1969;
Perez—Garcia-Perez—Hernandez 2023. For the infinite chain!

e T =0 + spectral gap: Hastings-Koma 2006, Nachergaele-Sims 2006.

Massimo Moscolari Locality & stabiilty of Gibbs states 3/11



(2) Local stability

V perturbation supported on X C A.

HA = Hy+ V.

pg [Ha + V] the Gibbs state associated to H},.
B supported on a setY farfrom X

Tra ((ph [Ha] B) =~ Tra ((p [Ha + V] B)

d(X,Y)
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(2) Local stability

(Uniform) local perturbations perturb locally (LPPL)
We say that H satisfies LPPL (at inverse temperature ) with respect to fippi.
Gippls Cippl © [0,00) — [0, 00) and n > 0, if and only if

|Tr (pg[H]B) - Tr (pﬁ [H+ V )‘ < ||B|||X| flpp1(|Y|)91pp1(”V”)Clppl( (X7 Y))

forall X, Y c A,V € Ax self-adjointand B € Ay.
Hp /¥ satisfies uniform L P P L (at inverse temperature 8 ) <= Hy,
satisfies LPPL for every A’ C A.
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(2) Local stability

(Uniform) local perturbations perturb locally (LPPL)
We say that H satisfies LPPL (at inverse temperature ) with respect to fippi.
Gippls Cippl © [0,00) — [0, 00) and n > 0, if and only if

|Tr (pg[H]B) - Tr (pﬁ [H+ V )‘ < ||B|||X| flppl(|Y|)91pp1(||v||)<1ppl( (X7 Y))

forall X, Y c A,V € Ax self-adjointand B € Ay.
Hp /¥ satisfies uniform L P P L (at inverse temperature 8 ) <= Hy,
satisfies LPPL for every A’ C A.

e v >1,T > T*: Kliesch-Gogolin-Kastoryano-Riera-Eisert 2014 (finite
range).

e T =0 + spectral gap + V small: Yarotski 2005;
Bachmann-Michalakis-Nachtergaele-Sims 2011; Henheik-Teufel-Wessel
2022; Bachmann-de Roeck-Donvil-Fraas 2022.
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(3) Local indistinguishability

A’ C A. Local Gibbs state p5 .
B observable supported in an inner region X C A’ C A.

TI'A (pr) =~ T‘I‘A/ (p/jg\,B) .

Tavavw) A

O
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(3) Local indistinguishability

Local indistinguishability

Let A C Z¥. We say that V¥ satisfies local indistinguishability (at inverse
temperature ) on A with respect to fr; and (s : [0,00) — [0, 00) if and only if

T (o8 [Ha] B) = Tr (0§ [Ha') B) | < 1B (1Y [)Gua (d(Y, A\A))

forallY c A’ c A and B € Ay.

e v >1,T > T*: Kliesch et al. 2014 (finite range Hamiltonians);
Brandao-Kastoryano 2019 (finite range Hamiltonians).

e T >0, v =1, finite range and translation invariant:
Bluhm-Capel-Perez—Hernanzed 2022.

e T =0 ~~ Local Topological Quantum Order for gapped ground states.
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How to connect (1), (2) and (3) ?
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How to connect (1), (2) and (3) ?

1) = (2)=6)
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Key tool: quantum belief propagation (QBP)

V perturbation supported on X C A.
HA = Hy+ V.

p’ the Gibbs state associated to H},.
Xo:={z e |dz,X) <} .7 € Ax,.

Ph A Tepii;
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Key tool: quantum belief propagation (QBP)

Quantum Belief Propagation (Hastings 2007,+ *)

‘H finite dimensional Hilbert space. H, V self-adjoint operators on .
H(s):= H +sV. Then,

d _ ﬂ _ H
— e BH(s) — _ 2 BH(s) (s)
e 5 {e P (V)},

ds
where ég(s)(V) = [7_dtfa(t)e HHEVEH () with f45 an exponentially
decaying L!-function

9 omlt/B 4 1
fﬁ(t) = % 10g (e”ﬂ/ﬂ — 1)
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Key tool: quantum belief propagation (QBP)

Quantum Belief Propagation (Hastings 2007,+ *)

‘H finite dimensional Hilbert space. H, V self-adjoint operators on .
H(s):= H +sV. Then,

d _ B _ H
o BH(s) — _F BH(s) (s)
dse 2 {e P (V)} ’

* Is—>n(s):=Texp (—g I (I"g(a)(V)da>

_ _ . 8
e PHE) — p(s)e™MHOp(s) In(s)| < ez*IVIL
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Key tool: quantum belief propagation (QBP)

Quantum Belief Propagation (Hastings 2007,+ *)

‘H finite dimensional Hilbert space. H, V self-adjoint operators on .
H(s) :== H + sV. Then,

d B
& —BH(s) _ _P [ —BH(s) gH(s)
dse 2 {e » P (V)}’

® 3s—n(s):=Texp (—g I @g(a)(V)da)
* s pp(s) = pf[H(s)]

© ps(s) = =2 L pa(s), B85 (V — (V)00) }-

* 35 7i(s) = exp (=5 J (V)u(0)do) 1(s) such that
03(5) = (£)pa()i()", i(s)] < ?IV1 and

lps(0) = pg(s)]l, < eIVl — 1.

Massimo Moscolari Locality & stabiilty of Gibbs states 7/11



Key tool: quantum belief propagation (QBP)

Quantum Belief Propagation (Hastings 2007,+ *)

Path of Hamiltonians H(s) = H + sV, V € Ay, that satisfy Lieb-Robinson
bound with a uniform (. r. Then, s — pg(s) := pg[H (s)] satisfies the
differential equation

dPB _ {pﬁ ), @5 (v <V>pﬁ(s>)}~
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Key tool: quantum belief propagation (QBP)

Quantum Belief Propagation (Hastings 2007,+ *)

Path of Hamiltonians H(s) = H + sV, V € Ax, that satisfy Lieb-Robinson
bound with a uniform {;z. Moreover, 3 {orp, Which only depends on (. r
and 3, such that:

e @/)(V) can be approximated by local operators &7\ (V) € Ax,
supported on X/, such that H‘PH(S H = H‘I’g(S) H and

o5 @) - @) < 17 lgase (X, 0).
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Key tool: quantum belief propagation (QBP)

Quantum Belief Propagation (Hastings 2007,+ *)

Path of Hamiltonians H(s) = H + sV, V € Ay, that satisfy Lieb-Robinson
bound with a uniform {;z. Moreover, 3 {orp, Which only depends on (. r
and 3, such that:

oo (*)(V) can be approximated by local operators Py (S)( V) € Ax,
supported on X, such that |[o//(" ()| < ||@f ) (w H and

o5 @) - @) < 17 lgase (X, 0).

* 7(s) and 7j(s) can be approximated by local operators
ne(s), 7e(s) € Ax, supported on X, such that ||7,(s)|| < ||7(s)|| and
17(s) — 7ie(s)Il < Bs||V]|e”*IV I ¢qpp (X, £).

x: Kim 2012; Kato-Brandao ’19; Harrow-Mehraban-Soleimanifar "20;
Anshu-Arunachalam-Kuwahara-Soleimanifar '21; Alhambra 2022.
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Key tool: quantum belief propagation

* Relies only on the locality of the system through Lieb-Robinson bounds.
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Key tool: quantum belief propagation

* Relies only on the locality of the system through Lieb-Robinson bounds.
* Exponential Lieb-Robinson bound = Exponential decay in (orp

—bl
(opp(X, () < C|X|eTmi7=
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Key tool: quantum belief propagation

* Relies only on the locality of the system through Lieb-Robinson bounds.
* Exponential Lieb-Robinson bound = Exponential decay in (orp

—bl
(opp(X, () < C|X|eTmi7=

* Who is the approximated generator <I>g{ Ef)?

Massimo Moscolari Locality & stabiilty of Gibbs states 8/11



Key tool: quantum belief propagation

* Relies only on the locality of the system through Lieb-Robinson bounds.
* Exponential Lieb-Robinson bound = Exponential decay in (orp

—bl
(opp(X, () < C|X|eTmi7=

* Who is the approximated generator <I>§{ Ef)?

@Zy) = / dt f5(t) Ex, (efitH(s) VeitH(5)>
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Key tool: quantum belief propagation

* Relies only on the locality of the system through Lieb-Robinson bounds.
* Exponential Lieb-Robinson bound = Exponential decay in (orp

—bl
(opp(X, () < C|X|eTmi7=

* Who is the approximated generator <I>§{ Ef)?

@Zy) = / dt f5(t) Ex, (efitH(s) VeitH(5)>

* (orp comes from a balance between the decay of f5(t) and the
spreading of the support of V:
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Key tool: quantum belief propagation

* Relies only on the locality of the system through Lieb-Robinson bounds.
* Exponential Lieb-Robinson bound = Exponential decay in (orp

—bl
(opp(X, () < C|X|eTmi7=

* Who is the approximated generator <I>§{ Ef)?

@g?) = / dt f5(t) Ex, (efitH(s) VeitH(5)>

* (orp comes from a balance between the decay of f5(t) and the
spreading of the support of V:

e on et < | [ g - (v o)

<Vl fa(t) Qr(X, AN\ X, t)dE + 2 [|V]| fa(t)dt
[tI<T [t|>T
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Main results: from DC to LPPL

Theorem [A. Capel, M.M., S. Teufel, T. Wessel]

X C A,V € Ax. Path of Hamiltonians Hy (s) := Hy + sV, that satisfy a
Lieb-Robinson bound with a uniform (g z.
Then, for all B € Ay, withY C A and all » € N, we have
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Main results: from DC to LPPL

Theorem [A. Capel, M.M., S. Teufel, T. Wessel]

X C A,V € Ax. Path of Hamiltonians Hy (s) := Hy + sV, that satisfy a
Lieb-Robinson bound with a uniform (g z.
Then, for all B € Ay, withY C A and all » € N, we have

¢ DC in the unperturbed state = LPPL

[T (p4(0)B) ~ Tr (s3(1)B)
< PN B (Cov,p (o) (X0 ¥) + 48]V I amp (X, 1) )
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Main results: from DC to LPPL

Theorem [A. Capel, M.M., S. Teufel, T. Wessel]

X C A,V € Ax. Path of Hamiltonians Hy (s) := Hy + sV, that satisfy a
Lieb-Robinson bound with a uniform (g z.
Then, for all B € Ay, withY C A and all » € N, we have

¢ DC in the unperturbed state = LPPL

|Tx (p5(0)B) = Tx (p5(1)B)|

< PN B (Cov,p (o) (X0 ¥) + 48]V I amp (X, 1) )
¢ DC along the path = LPPL

| Tr (p3(0)B) — Tr (p3(1)B)|

s€|0,1

¢ No restriction on the range of the Hamiltonian
* Need only decay of the covariance (Kliesch et al. results requires
generalized covariance: |Tr(p™ Ap' =™ B) — Tr(pA) Tr(pB))|)

Massimo Moscolari Locality & stabiilty of Gibbs states

9/11



v>1,p8<p"

KGK2014
( FU2015)

uniform (for A’ C A)
decay of correlations

N=XUY QBP + L-Rb.

EC%A' (A, B) < C |lA]l B |X|e—ad<X’Y>]
B

[local indistinguishabilityJ Z [u"if°"" (for A" C A>]

V=Hy/ +Hy\n—H LPPL
; BK2019
A A ’
|7 (o )~ (o B))| [ () B) ~ Te(o [ + V) B)|
< C ||B|| emad(:M\AD < C ||B| eIVl g=ad(X.Y)
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One-dimensional quantum spin chains

v=1,8<p",
translation invariant Hamiltonian

Araki1969
PP2023

Covy, (A, B)‘ < C A ||B|| e—adist(X.Y)

¢ 1

cov”zla (4, B)‘ < C ||A] |B]l e—adist(X,Y)

[ (ot B) — T (ohiir + V1 B))|
< C ||B]| ePIVI g—adist(X,Y)

o (h5) 0 (o )]
<C ||B|| e—adist(X,Y)
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Summary and open questions

¢ Decay of correlations implies locality and stability of the Gibbs state

¢ (Uniform) Decay of correlations < (Uniform) LPPL <= Local
Indistinguishability
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Summary and open questions

¢ Decay of correlations implies locality and stability of the Gibbs state

¢ (Uniform) Decay of correlations < (Uniform) LPPL <= Local
Indistinguishability

Open questions:
* how the "circle" looks like at T' = 0?
* 3 — oo in the presence of a spectral gap?
* Open quantum systems?
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Summary and open questions

¢ Decay of correlations implies locality and stability of the Gibbs state

¢ (Uniform) Decay of correlations < (Uniform) LPPL <= Local
Indistinguishability

Open questions:
* how the "circle" looks like at T' = 0?
* 3 — oo in the presence of a spectral gap?
* Open quantum systems?

Thank you for your attention!

Capel. A., M. M., Teufel, S., Wessel, T.: From decay of correlations to locality and stability of
the Gibbs state ArXiv: 2310.09182 (2023).
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Idea of the proof: DC along the path = LPPL

Integrate the differential equation
Tr(p(1)B) — Tx(p(0) B)
= —g/o Tr ({p(s), @g(s)(V)} —2Tr (p(s)‘bg(s)(V)) p(s)B) ds

1
] o (2008) s (2201
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Idea of the proof: DC along the path = LPPL

Integrate the differential equation
Tr(p(1)B) — Tr(p(0)B)
_ _g /O gy ({os). @50} 2Tx (p(s)2E (V) o(5)B) s
- _g /0 1 Covyis) (V) B) + Covy) (B, @ (V) ds.
= exploit locality of the generator!

H(s H(s
‘Covp(s) (B, !l )(V)) — Cov,s) (B, ol )(V)) ’
H H
< 2| Bll|e5 P (V) — @5 & (V)| < 2| BIl|VII¢qer (X, 7)
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Idea of the proof: DC along the path = LPPL

Integrate the differential equation
Tr(p(1)B) — Tr(p(0)B)
_ _g /O gy ({os). @50} 2Tx (p(s)2E (V) o(5)B) s
- _g /0 1 Covyis) (V) B) + Covy) (B, @ (V) ds.
= exploit locality of the generator!

H(s H(s
‘Covp(s) (B, !l )(V)) — Cov,s) (B, ol )(V)) ’
H H
< 2| Bll|e5 P (V) — @5 & (V)| < 2| BIl|VII¢qer (X, 7)

Therefore

| Te(p(1)B) — Te(p(0)B)| < |V B] ( [ Covue (5% s+ Gamr r>)
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Idea of the proof: DC in the unperturbed state = LPPL

Using [B, 7] =0
Tr(p(s) B) — Tr(p B) = Te(fj p7i* B) — Tr(p B)
=Te((7 — 71e) p71* B) + Tx(ie p (1" —17) B) + Tx(p 1 7je B) — Tr(p B)
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Idea of the proof: DC in the unperturbed state = LPPL

Using [B, 7] = 0
Tr(p(s) B) — Tr(p B) = Tr(ijp7i* B) — Tr(p B)
= Tr((77 — 7e) pi1” B) + Te(ije p (1" — 17 ) B) + Te(pij; 7ie B) — Tr(p B)

* First two terms:
ITe((7 — 7e) p7* B) + Te(fe p (7* — 777) B)| < |5 — el ([l7l] + [17311) [| B

(B =1) = [Tr(pigiie) = 1| < |5 = el (7]l + [I7¢11)
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Idea of the proof: DC in the unperturbed state = LPPL

Using [B, 7] = 0
Tr(p(s) B) — Tr(p B) = Tr(ijp7i* B) — Tr(p B)
= Tr((77 — 7e) pi1” B) + Te(ije p (1" — 17 ) B) + Te(pij; 7ie B) — Tr(p B)

* First two terms:
ITe((7 — 7e) p7* B) + Te(fe p (7* — 777) B)| < |5 — el ([l7l] + [17311) [| B

(B =1) = [Tr(pigiie) = 1| < |5 = el (7]l + [I7¢11)

® The others: |Tr(p7; e B) — Tr(p B)| =
Te(pg e B) = Te(p B) Te(piggie) + (Tr(pifjiie) = 1) Tr(p B)| <
|Cov,p (1771 B+ 117 = el (17711 + [177¢1)
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Idea of the proof: DC in the unperturbed state = LPPL

Using [B, 7] = 0
Tr(p(s) B) — Tr(p B) = Tr(ijp7i* B) — Tr(p B)
= Tr((77 — 7e) pi1” B) + Te(ije p (1" — 17 ) B) + Te(pij; 7ie B) — Tr(p B)

* First two terms:
ITe((7 — 7e) p7* B) + Te(fe p (7* — 37) B)| < |7 — el (71l + (|72 () [| B |
(B =1) = [Tr(piigiie) — 1| < |7 — ell (|77 + [173¢]])

® The others: |Tr(p7; e B) — Tr(p B)| =
ITx(pi; ile B) — Te(p B) Te(piifite) + (Te(pifiie) — 1) Tr(p B)| <
|Cov, (7 71, B)| + 17 — 7iell (1771 + [[77e])
Therefore we obtain
| Tr(p(s)B) — Tr(pB)|
< 2{j7 = el lall + 7)1 Bl + [Cov,, (7775, B)|
< 4| Bl[e*?*IVIi¢qpp (X, £) + || Bl[e*** IVl Cov,, (X4 V)
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Idea of the proof: QBP

{%a(s)}, be the eigenbasis of H(s) such that H(s) =", Ea(s) [ta(5)) (¥a(s)].
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Idea of the proof: QBP

{%a(s)}, be the eigenbasis of H (s) such that H( ) =20 Ea(s) [1a(5)) (Ya(s)].
=V = Zva,, ) |0a(5)) (tp(s)] -

Using Duhamel’s formula =

d s _ _g / ~BTH() 7o~ B-T)H(s) 47

ds
= _BZ/ _BTH(S)V ) |'¢a(3)> <wb(3)| eBTH(s)dTe_ﬂH(s)
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Idea of the proof: QBP

{%a(s)}, be the eigenbasis of H (s) such that H( ) =20 Ea(s) [1a(5)) (Ya(s)].
=V = Zva,, ) |0a(5)) (tp(s)] -

Using Duhamel’s formula =

d s _ _g / ~BTH() 7o~ B-T)H(s) 47
ds*
=B [Nl 99 ) e
=B Vaale) [ P g 5) (5] P
a,b 0
-1
= —ﬂ Z Va,b(s) (1 + eﬁAEa,b(s))
a,b

1
/ B ar {om M) [ys, (s)) (0 (5)|}

0
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Idea of the proof: QBP

Using Duhamel’s formula =

d

cPHE) _ _g / —BTH() 7o B-T)H(s) 4
as’

= _BZ/ _/87'H(S)V ) |wa(3)> (wb(s)| eﬁTH(s)dTe_ﬂH(s)
B _BZ Va’b(s)/ ePTAE ) Ar |4, (5)) (P (s)] e PH )

a,b 0
= _ﬂz Va,b(S) (1 + eBAEa,b(S)) -1

a,b

1
[ e (o0, o) (o)1)

0

_ _g {e—ﬁH(s)’(I)gI(S)(V)} ’

AE, 1(s) == Ep(s) — Eq(s)
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Idea of the proof: QBP

d _ By _ H
e BH(s) _ _ BH(s) (s)
dse 2 {e ’(I)ﬂ (V)}

SHO (V) = 37 fs (AEu(5)) Vas(s) [ta(s)) (G (s)]

a,b

:/oo fﬁ(t)e_itH(s)VeitH(s)dt,
—oo

where

A 1t 2 a1 Bw
fa(w) =2 (1+e™) 1/ eﬁT“’dTZ{ 1ﬁw Gemr w0 _tamh
2

and fz(t) is its inverse Fourier transform
L[ i 2 emIt/B 41
folt) =52 [ diptnts = o (St ).
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Main results: locality and stability above T*

Finite range interaction:
U:X €Z’— Ap st ¥(X)=0ifdiam(X) > R.

Theorem [Kliesch et al. 2014]
For g < B* there exist positive constants C, a and b such that

Cov,a (X;Y) < CedlY | o=bd(X.Y)
5
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Main results: locality and stability above T*

¢ (LPPL) There exists constants C, ¢ > 0 such that for all
ACZV, X CANVeAx,YCA Be Ay and B < g*

T (#5(0)B) — Tx (p§(1)B)| < CBIVIIBI (1] + 1) emetX¥),

® (Local Indistinguishability) There exists constants C, ¢ > 0 such that for all
YCAN CACZ,Be Ay and 8 < 8*

I (64B) - Tr (4 B)| < ClBllenl¥lemed(¥-AW),
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