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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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Inhomogeneity due to topology (= how the lattice sites are
connecied) and/or ta 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 observable on a regular lattice)
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[PSodane et al, Nucl Phys. B47¢, 641
(1996);L.B. Ioffe and M.V. Feigelman, PRE 66,
224503 (2002); B. Doucot, M.V. Feigelman, and
L.B. Ioffe, ARL 90, 107003 (2003); P. Sodanc et
al. Eur. Phys. JB53,19 (2006)]
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[M. Oshikawa, C. Chamon, and 1. Affleck, PRL 91,
206403 (2003); 1 Stat Mech 0602, PO0S

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

bosons in a lattice + amm
= . M. Greiner et al., Alafure 415, 39 (2002) — Batrouni et al,
3 = . ' PRI 89, 117203 (2003)]
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= Examples of inhomogeneity effects (III)
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2) Spectral and Thermodynamical mm

I

3) Inhomogeneity effects in statistical mechanics modeis:
- Local order parameter induced by the inhomogeneitv
- A case study: the spherical and the Ising model on the star / book graph
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A superconducting Josephson junction

l

== -) In absence of fields: szfsin(g:! —fpz)
-) The critical current is proportional to the gap A
-) In a SQUID the critical current can be tuned using a magnetic

field

= iy iy 7@
= I.=I_(®=0) ms[m ﬁ

-E_" : (3]

-) At finite temperature

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

I.(0) A(0) ~ \2k,T

2k, T
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= | Bose-Einstein critical temperature far from (close to) the center: criti
3 = for free bosons current decrease (enhancement)

= - P Sodano =f 8l, BRL. 52, 251 (2000 . Gisisng, PP Marcini, P. Sodano and &. Trombetionl, B2t T Ald Shps 8
= 18, 691 (2001} on st [affces: 1 Bnunelll, G Ghsiano, F. P. Marcini, P Sodano, and A Trombelioni, I Shyps 537,

E—

D 10/27
Fage 1uU/o/f

E . S e
irsa; 0804005 - === m
o e L A OOSHATTE 2-L-A-===0w-

Cisprstive 3 53 Strukborapredefits: Teabeno (Eahe)




LR AL
EEEE
LR R
SEEEsgEssES

EEw
EEEEjEEEE

Hi

=== P Silvesirini , P Sadeno af af, Prwys. [ off A 370, 490 (2007}
= B Sodamn ga{rmz. Brws. 8, 327 (2006)
#—r -
=0 »
= : 08040056 e - am: P 11/37
-F'-Ei‘*saﬁ’EE' '\o'-lj’:"Ed-'::éﬂ:‘E3.—4’.‘&.-E$E.l- age 11/

Disposites H.di 53 St presiefins: Teasfirsro { Pl




-

:.:: 'J-%’;sa 08040056 -

= Page 12/37
~OCEHA4ATId 2-d-4-==E0F -
Diopositive 11 diS3 Strubbora predefiits: Taieorney (T}




Fo- Modfice  fiousiors  [eensd Fommatn Fruament Cresonifsmione Foesira 7

—_—

¥
|
(]
H
L]
1]
f

= {RET S = - 8 E

-----

i = positzarn o e chait

-4;- ::Ei,_ﬁ[ + "i‘d—r

Ground state localized around the backbone —
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Planewave solutions
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= Bogoliubov-de Gennes equations:
— continuous case
— interactions

H=H,6+H,
Hy =[Sy Folh.plre) g - [&Y v o) (Fo) wire wire)

=4V 2m +U, (F)—u

2. 1, (F)=[h, + UG, (7 )+ AF) v, 7) :
&, v, (F)=—[ + UG, (F)+ A7) u (7) BISEaQuations

AP =V u {F}T;{F}hnhigfmJ
UF =T e @®F L+Iv, A a-£)] Self-consistency conditions
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assuming a BCS point-like interaction,
one gets the BCS equation for the gap:
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and the Fermi energy
=quation for the number of particles

N =23 [dF|v () +23 [dF £, (u PP - v.))

it follows at T=0 when A<<E:

u—U=Eg

In general: since U<(, then w<£-, increasing the attraction,
the Hartree-Fock term Uincreases and the chemical potential p decreases.
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== Bogoliubov-de Gennes Equations:
lattice case

Discretization: %P =20, @): .= v.()4(F)
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One gets the bull™ BCS results with A<<t
A (T=0)=8c27"7
EL=Ce ™% (cma53)
A.C=D ;7
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for the comb

Away from the backbone, the fingers mav be regarded as a linear chain
(U(1)=U. and A¢)=1,). Setting on the backbone Y()=U.and Av)=1,,
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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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4) Hn+angiemeﬁ* distribution in inhomogenegous networks:
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Inhomogeneity in a network can be induced e.g.
(a) by an extemal controllable potential (like the external potential for
ultracold atoms) or
T (b) by changing the topology of the network (e.g. the coordination
—— number in a part of the network)
=] As an example of (a) bosons/fermions on a lattice + a magnetic trap
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— Occurrence of Mott domains — Smoothening of the
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Mean-field analysis
Local order parameter:

(5,)=tanh (g (5,) + )

Qi* << g/ ={S )~ tanh( B4/ {S.}) gmﬂ@:m,
low temperatures

Qi* >>qJ ={S,)~ tanh ( AQ%")

o (8)-Q=r11)"
> i>>i {S)~1

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

effects in statistical me

chanics modeis:
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5 Adjacency n < 0 otherwise

—: Coordination number z, =) A4, Chemical distance d;
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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(p-Inp..)
In the ground-state |'¥)=I1., , d[|0)

S.=-3[C,mc, +(1-¢,)m(1-¢,)]

C, —> the L eigenvalues of the (sub-network) correlation matrix
C,=(¥cle,|¥)=2 wrOw-(J)
F=l
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Block B: S grows like L

Block C: S grows like L
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