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Motivations for Negativity

[0 Ground state p = |W)(¥| and
bipartite system H = Ha @ Hp @ B
Reduced Renyi .
[ pa = 1Irp pJ entropies \

density matrix

log(Trp’,
Entanglement Sa=-—Tr(palogpa) = hm[og( I'PAB_ — lim J @

entropy -1 1—n n—1 0On

O Sa4 = Sp for pure states j

O Tripartite system H =Ha, @ Ha, @ Hp (PA1UA2 1s mixed)

O Sa,ua,: entanglement between A; U Ay and B

” (Entanglement between A{ and AQ?J
‘ [0 The mutual information Sa, + Sa, — S4,uA4,

B gives an upper bound

O A computable measure of the entanglement
is the logarithmic negativity [Vidal, Werner, (2002)]
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A; <0 Trp™ =1
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O Trace norm { p"2|| = Tr|p2| = Z Nl=1-2) X\ ] Aj eigenvalues of p

Logarithmic negativity ( Ea, = In| ,OTQH = In Tr| pTQ‘J
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[0 Bipartite system H = H; @ Ho In any state p = —m> & =&,
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( & = lim log [Tr(pTz)"e}] lim Tr(p?2)™ =Trp’2 =1
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] [Pure States] p = |UY(U| and bipartite system (H = H1 ® Ho)

[ Ty o™ L . Schmidt
To\n P2 n="no odd decomposition
Tr(p™2)" =

(Tr pg/2)2 n=mne even
. J

[ Taking n. — 1 we have [5 = 2log Trp%m] (Renyi entropy 1/2)
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[ One interval (N = 1): the Renyi entropies can be written as

a two point function of twist fields on the sphere [Calabrese, Cardy, (2004)]

[Holzhey, Larsen, Wilczek, (1994)]
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Two adjacent intervals: harmonic chain & Ising model

[ Critical periodic harmonic chain

Finite system: ¢ — (L/m)sin(wf/L)

T = n
r, = In Tr(pAA2 )
Tr(p, "~/

sin(w[él + gQ]/L)

1
[ZIO

Shﬂﬂfl/L)Sﬂﬂﬂﬁ2/L)_%cnstw

¢ L=100 oL=10"
" =150 oL=10"

* L=100 @L=10"
. blsofﬁxfz
s nin ; =

J

[ Ising model:
Monte-Carlo analysis [Alba, (2013)]

Tree Tensor Network [Calabrese, Tagliacozzo, E.T., (2013)]
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Two disjoint intervals: periodic harmonic chains

[0 Previous numerical results for &: [Wichterich, Molina-Vilaplana, Bose, (2009)]
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[0 Previous numerical results for &: [Wichterich, Molina-Vilaplana, Bose, (2009)]
Ising (DMRG) and harmonic chains  [Marcovitch, Retzker, Plenio, Reznik, (2009)]
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i [Calabrese, Cardy, E.T., (2012)]
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Two disjoint intervals: Ising model

[Calabrese, Tagliacozzo, E.T., (2013)]
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[Calabrese, Tagliacozzo, E.T., (2013)]
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[0 Global quench: <& System prepared in the ground state |¢g) of Hy

O At t = 0 sudden change of the Hamiltonian Hy — H
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Analytic continuation 7 = 7y + it, then t > 79 and |u; — u;| > 19
[0 Rényi entropies and traces of the partial transpose:

N
O TI'IOZ — <H %(u%_l)ﬁ(um) >Strip [Calabrese, Cardy, (2005)]
1=1

O Tr(pﬁo)n ——» proper sequence of Ty, T, 7,2 and 7.2 within (... ).,

[Calabrese, Coser, E.T., 14xx.xxxX]
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Negativity after a global quench: two adjacent intervals
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Negativity after a global quench: two disjoint intervals
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Free compactified boson & Ising model

]

]

[ N N—1 n—1 |
o ] 9= (N =1)n—1)
RN,TL IS|Y = 71;[1('2 51727—2) [ ’yl;[l(z 1.27_1)] [Enolski, Grava, (2003)]

Partition function for a generic Riemann surface studied long ago in string theory
|Zamolodchikov, (1987)] [Alvarez-Gaume, Moore, Vafa, (1986)] [Dijkgraaf, Verlinde, Verlinde, (1988)]

Riemann theta function Ole](0[Q) = Z exp [ir(m +¢€)t - Q- (m +¢€) + 2mi(m +¢€)* - J]
with characteristic

m € ZP
Free Compactiﬁed boson (77 X Rz) [Coser, Tagliacozzo, E.T., (2013)]
4 )
©(0|1;) inZ R T=R+1iZ
= T, = .
FN’”’(CE) |©(0]7)2 N R iZ/n period matrix
. J
. - ©le](0|7)]
Ising model | F3J"¢(x) = 2
S N T T

Nasty n dependence

Two intervals case: [Caraglio, Gliozzi, (2008)] [Furukawa, Pasquier, Shiraishi, (2009)]
[Calabrese, Cardy, E.T., (2009), (2011)]
[Fagotti, Calabrese, (2010)] [Alba, Tagliacozzo, Calabrese, (2010), (2011)]



