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Abstract: New and exotic phases as well as remarkable entanglement behaviors emerge in condensed matter systems (and quantum devices) living

(fabricated) on graphs. To illustrate this, | will discuss the properties of Josephson junction networks fabricated on comb and star graphs and of spin
models living on pertinent fiber-graphs.
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Inhomogeneous network = non-transiationally invariant network
Inhomogeneity due to topology (= how the lattice sites are
connected) and/or to external fields

- Long term goal

To induce desired macroscopic coherent behaviors by fabricating devices
on pertinent networks.

Effects induced by the topology (i.e.: not cbservable on a regular lattice)
on bosonic systems: ultracold bosonic gases and Josephson networks
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Topological Order in JJNs

[PSodanc et al, Nuc. Phys. B474, 641
(1996);LB. Ioffe and M.V. Feigefman, ARE 66,
224503 (2002); B. Doucot, M.V. Feigel'man, and
LB. loffe, ARL 90, 107003 (2003); P. Sodano et
al. Eur. Phys. JB53,19 (2006)]

Int I Mod. Phys. B 18, 691 (2004); P. Sodano et al., New
I Phys. 8, 327 (20086)]
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[M. Oshikawa, C. Chamon, and I. Affleck, ARL 91,
206403 (2003); J St Mech 0602, POOS

(2006)]; D. Giuliano, P. Sodano, 0710.5554

. "Wedding cake” of Mottt domains
surrounded by superfluid regions for

, bosons in a lattice + a magnetic trap
[M. Greiner et al., Mature 415, 39 (2002) — Batrouni et al.,
PRI 89, 117203 (2003)]
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—Supermnduchng JINs on inhomogeneous insulating supports: microscopic
theory.

- Comparison with available experimental results

3) Inhomogeneity effects in statistical mechanics modeis:

- Local order parameter induced by the inhomogeneitv

- A case studyv: the spherical and the Ising model on the star / book graph

4) Entanglement distribution in inhomogeneous networks:
- Free fermions on inhomogeneous networks
- Bundled graphs: the example of a comb
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-) The critical current is proportional to the gap A
-) In a SQUID the critical current can be tuned using a magnetic

field
7D
I.=1.(®=0) ms[m ]i

0

-) At finite temperature

I.(T) A(T) mh( A(T)

1.(0) A(0) zk,r] e
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Bose-Linstein critical temperature far from (close to) the center:
for free bosons current decrease (enhancement)

P Sodano & &, BPL. 52, 251 (2000); G. Gisiano, FP. Mancini, P. Sodano and &. Trombeiioni, e 7 Mad s 8
18, 691 (2004} on st=r laiiices: [ Brunalll, G Giusiano, F. B, Mancini, P Sodano, and A Trombettoni, 1 s 537,
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i P. Siivesirini , P. Sodano of &, Prws. Left A 370, 490 (2007)
P Sodano of &f, New 1. Brws. 8, 327 (2006)
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P. Silvestrini, P. Sodano ef &, Phys. Left A 370, 499
(2007); P. Sodao gf &, New 1. Phys. 8, 327 (2006)
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Ground state localized around the backbone — Planewave sohations
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= h=#'V?/2m +U, (F)—u

= =2 Gk UG A6)=6)
g, v, ()= + UF).(F)+ AF) u(7)

A(F) =FEII{F}T;{ﬂIﬂI[§E¢)

— UFE =+ lu@®F L+1v.(AFa-£)] Self-consistency
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Retrieving the standard BCS theory

For an homogeneous system, a is simply the momentum k:

5= ,ﬁz-i-Ef E£=ﬁzszlm—p+[f'
T

L§:%[1+%] "?:é["%J

Putting U=0and p=£-and assuming a BCS point-like interaction,

i T
i e T~ D T 1= -
Diepostivs 14453 Struturs pre-definia el (i

= 15/27
Page 15/37

I
I
[
]




m

Se Modfica fockes honso Fymam  Srumentt  Srossntmone  Fpears -
#_H SAYF I RS <->- RO SEEn - G E Tithem -1 - GEC S 3 =EFE= - Aa == A- Eoun Sheadeste
=—| Relation between the chemical potential
— and the Fermi energy
Bl Using the equation for the number of particles
= : 5
— N=2¥ [ar|v ()| +23 [ar £, (u, )] —|v.®))
,;_4— it follows at T=0 when A<<E-
—;:;-: ﬂ—U-—’-“"-—EF
' In general: since U<0, then p<£., increasing the attraction,
= the Hartree-Fock term Uincreases and the chemical potential p decreases.
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lattice case
Discretization: u, ()= u (o). v.(NN=> v ()4, (r)

oh N (1)=Z Lu, (J)—I— Ali) v, (i)

= vm(f):— ZF = ( j}r S(r’) ua(i)

1 f?y +U @), —ud, a(f)fﬁzujnsz)v;(f)mh[gsa]
Encadinathe network s Self-con .
connectivity (=topology)

tu—fF a) ¥ 2m+T,7 87 «—— Hopping parameter
Emp— & 4@ BT (2mla) =— Latiice chemical potential
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Lattice Bogoliubov-de Gennes equations
for the comb
Away from the backbone, the fingers may be regarded as a linear chain

(U()=U. and A¢i)=A4,). Setting on the backbone U(i)=U.and Av)=4,,
onegetswith u=~U,

A7 s 22)
=A, dk
N :!- = Jl+m"k

gmmm;mafmgmm
eigenstates of the adjacency matrix
At low temperature:
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P. Sodano et al., New 1. Phys. 8, 327: P. Silvestrini, P. Sedano et al., Phys. Lett. A 370, 499
(2007)
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1) Experimental system:

2} Thermodvynamical pro
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-~ 3) Inhomogeneity effects in statistical mechanics models:
' - Local order parameter induced by the inhomogeneity
- A case studyv: the spherical and the Ising model on the star / book graph

= 4) Entanglement distribution in inhomogenegus networks:
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- Local order parameter induced

— by inhomogeneities?

i Inhomogeneity in a network can be induced e.g.

(a) by an extenal controllable potential (like the external potential for
ultracold atoms) or

= (b) by changing the topology of the network (e.g. the coordination

number in a part of the network)

=25l As an example of (a) bosons/fermions on a lattice + a magnetic trap

%Z . —IZI a +£ZH (gl.acmil)

<, j>

H=

—_— Occurrence of Mott domains = Smoothening of the
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Mean-field analysis

amtmh(ﬁw(s)+m )

Qi* << g/ ={(S,) ~ tanh( B4/ {S.)) usual mean-field equations,
magnetization at

with
low temperatures
Qi*>>q) =(S )= tanh(ml)
flij:q.]:){i <i 8Y-OTIr)y”
i>>i (S )~1

Good agreement with Monte Carlo results, even in d=2
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Experimental system:

S
= 2) Thermodynamical properti

itv effects in statistical mechanics models:

= 4) Entanglement distribution in inhomogeneous networks:
= - Free fermions on inhomogeneous networks
- Bundled networks: the example of a comb
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P Set of sites F e

Set of links ij= L
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.

- i) G: a network with Ng sites

— | i) I,J=1,...,Nc sites of the network

ili) Nr number of fermions

H =—chf A c, {c},cﬂ,} —
.7

= Eigenvectors given by (with ['=1,...,No)

P _{ZAH yr (=g yr (1)
= =
e RSO0 S e e IO A 2-A-—=RE. Page 32/37

Dimposities 31 & 53 Struthors predefinia: Tsfirrncy { i)




icrosaft PowerDoint - [GraphSeminar 29 04 08.ppt] ==K

fa Modficas feeibos hensn fman  Jromentd Sresslcsone:  Fpestrs - = i -
iﬁélﬁi:‘ Pt BREREST c-o- B Em - G E Tithes -m - 6GC S 3 EE=E - A == 4 Frunm Sheedesie
e Entanglement entropy on a sub-network (II)

—

: i) G": a sub-network with L sites

| ii) i,j=1,..., L sites of the sub-network

The entanglement entropy of G’ is given by
Se =_Tr(pG']an')

In the ground-state I‘I’)=1_IF=LJT dIT,|O)

— Se.=—Y[C,nC, +(1-C,)m(1-C,)]

-
C, — the L eigenvalues of the (St?—nel.work) correlation matrix
C,={¥ I"z'rcj ¥ )= 2 wry-(J)

=1
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