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MONDAY 15/9
Morning session 9.00 — 12.20
Afternoon session 14.30 — 17.44)
Registration desk will be open
the all day since 8.30

200 915 Welcome addresses
915 050 Orptical Hybrid Quantum Information Julien Laurat
9,50 1010 ':'].uppn:.li?-c[un of gquanmm |nn;:ﬂl-'.ing=l|r and momentum Filippo Camso
rejuvenation as super-boosts for quantum transport
w1 | 1030 State and energy transfer through noisy quanmm cellular Michele Avalle
automata
1030 | 1100 Coffee break
1100 | 1120 Mon-interterometnc Jn::-c.t ok ':..t:ull:apsi-:: Maodels in Mawre Parermoston
Optomechanical Syseemns
11.210) 11.440) Opto-mec hanics torarard quantum ph_v.lii-::!i Francesco Marin
Steadv-state entangelement ackvad I s hanies .
1140 | 12.00 teady-state entanglement ACtivation in optomechanical Alescandro Farace
cavities
From quantum dat locking to the quantum enigma
12400 | 1220 Cosmo Lupo

machine

Lunch break {on site)

Crénerating contnuous varahles quh.il.‘!i using E]’l‘.litml’!.’

Ll | 1490 guantum superpositions of single- photon operatons Alessandm Zavarts

14.50) 15.110) Creometrc quantum discords Dominigque Spehner

1510 | 1550 Stochastic unravelling of the thermal master equation Mareo Genoni

1530 15.50 Sealable Cruantum Stave Tomography Marcus Cramer

1550 | 16110 Coftee break

1610 | 1630 Decoherence, m:un-."\l:trkm'i:a_nirg.' and -.]u:Lnl'uLTL.-:sitim:aTinn in Clandia Benedetsi
quhbit systems subject to colored noise

1630 | 1650 MNon-Markovian quantum -Iﬂ];:::]'[]it!i! when the past comes Sabrina Maniscalco

1650 17.110) Structured lighe: concepts and applications Ebrahim Karimi

1710 | 17.40 Twisted photons for simulatng quantum walks and probing Filippo Cardano

their effective band structure
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Tuesday 16/9

Morning session 9.00 — 12.25
—, Afternoon session 14,30 — 18,30
Registration desk will be open

Quantum information processing and metrology using

LN L I:Il it

Lunch break

0 0 3
00 .35 diamond spins Joerg Wrachtrup
%.35 B.55 Useful Entanglement in Quanmm Metrology Luca Pezee’
U.55 115 Craussian Quantum Discord: Theory and Experiments Daniela Buono
1045 | 1035 Understanding freesing I::Ir"-L]L1‘.:Il'ITL1I.'!I1 correlations from firse Marco Ciancarso
principles
10.35 | 11.05 Coffee break
Greometric measures of quantum correlations:
1105 11.25 | characterization, quantification, and comparison by metrics Wojciech Roga
and operations

11,25 1145 Cuantum State Routing and many-qubit Quantm Seate Tony John George

= o Transter via a single channel Apollaro
11.45 | 1205 Lambda Silzh.'.:n'u: for ]:'t::pul:a'riun.'l'r:{nﬁﬁ:r in Pine Falel

Superconducting Chueries

1205 | 1295 FElectrical control of a long-lived spin qubit in a 5i/5iGe Pasqusle Scasding

POSTER SESSION*

14.30) 14.50) Detecting multiparticle enranglement of Dicke staves Creza Toth
14.50) 1510 Cuantum Frustration in complex systems HH:I::(:;:;:LH
1510 | 13350 Entanglement and complementarity Lorenzo Maccone
1530 15.50) Cruantum environment for a longer coherence fime Paola Verruechi
15,50 | 16,110 Radiative properties of matter in eollapse models Sandro Donadi
la 1 | 1640 Coffee break

£ A lise of the posters is available on a separate sheet
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) 8.30 — 9.30

Wednesday 17/9

Morning session 9.00 — 12.25
SPECIAL SESSION 14,15 - 18,15
Registration desk will be open

receiver

00 B35 On entropic uncertainty relations Karol Lyczkowski
.35 L.55 Cértain aspects of multipartite entanglement Barbara Kraus
_ _ Origin of spontaneous symmetry breaking: classicality, )
55 1015 5 P : : o e & ! Leonardo Ferro
MOMNOSAmY, and convertibility

. | Preserving Information from the Bevinning & the End of .o

115 101,35 L' . - 5 X ;'" - Roberro Piern
Ime in a Robertson-Walker Universe
10,35 11.05 Cofiee break
105 | 1125 The cold aom |:Ltr]L.'|: gauge m[]H':uux: ermergent nuclear Marcello Dalmonte
physics in Bose muxtures

11.25 11.45 Crauge theoties and Tensor BMetarorks Luca Taghiacozzn
11.45 1205 Real-time phase montonng Fiar quasi-optimal coherent-state Matteo Bina

Absolate calibmation of an EMOCCD camera from the analogr
to single photon repime

Lunch break

Alessio Avella

Special session on the occasion of Silvio De Siena's 65ch birchday

1415 | 1435 Introduction to the special session Fabrizio Illuminati
45 | 1510 | Pierbor s, poncle B S0 | s G
1510 | 1530 Cerrified En.tan;-jumunt berween djﬁfant microwave felds Diavid Vieali
with opm-electro-mechanical systems
15.30 | 1550 N"“‘“‘“i“l’:l'_:1‘;‘:ﬁ”:I‘L‘L’::t’il:;‘i;i:’frl";‘ﬂ’;::;"” of string Rosario Fazio
15.50 | 16.20 Coffee break
16,200 | 1655 | Statistical mechanics of maximally entangled states Giorgio Parisi
1655 | 1715 3-dimensional integrated photonic quantum sirmulacion Paolo Mataloni
17.15 17.35 Greneral diffusive conditional dynamies Alessio Seratini
17.35 | 17.55 Single- and two-mode quantumness at 2 beam splitcer Matteo Pans
17.55 1515 Quantum typicality Saveno Pascaeio

Conference dinner: a¢ A0 a bus service leaving from the cenier of Salerno will take all the

participants to the Restauramt “La Fattoria® locared in the village of Dragonea. Dinner will
start around 20.30. The buses will take participants back to the city center at the end of the

dinner.
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Thursday 18/9

Morning session 9.00 — 12.25
Afternoon session 14,30 — 17,55
Registration desk will be open

Elements of Quantum Simulations with Trapped Lons

0 0 3 i 1
0] 0.35 using MAGIC Christof Wunderlich
%.35 B.55 Cuantum erystals of photons and amoms Criovvanna Morign
D55 115 | Multimode state charactenzation 'I':'_L' weak-Held humud}'n[ng Mareo Barbien
1015 1035 Omptirmal persistent r._'urr-::ler:-c tor Interactng hosons ona 1D Marteo Rissi
ring with a gauge field
10,35 11.05 Cofiee break
105 | 1125 Many-body localization :md. ergodicity in disordered long- Philipp Hauke
range sing maodels

11.25 11.45 Schmide lTlUd.L‘.li dl:!-fl:l.‘lr] o of _th-: radiation m:l.d produced Alessia Allevi

by high-gain parametric down conversion
11.45 1205 [nterference in a Bose-Finstein condensate is typical hmmﬁ;’;[;;;nctnx“
1205 | 12.25 Oui-of-equilibriom dyvnamics and thermalizaton of storing Leonardo Mazza

order

Lunch break

1430 | 1505 | Characterizing topological orders in guantum matter Frank Pollman
S S Simulating Lattdee Gauge field theories with Tensor . _

1505 1525 5 - ,'L' - Pietro Sibn
Networks

1525 | 1545 UHtrafast quantum optics hﬂ.!i-l:fl: on telecommunication Vieginia D'Antia

technolopies

1545 | 1605 Randomness evaluaton and r__'f:rtiﬁr_'miun M it Steering Fles Passarn
SCENArio

1605 | 1635 Coffee break

1635 | 1655 Randomized Graph States H..l'I{! their Entanglement Chiaea Macchizvello
Properties

16,535 | 17.15 Kataey chains with long-range panng Davide Vodola

1715 | 1735 Measuring the reservoir :apn:.r_"rm| density via photon Francesen Cieearello
SCATtering

_ __ Efficient expenmental validadon of photonic Boson » :
17.35 | 17.55 P P Micold Spagrnolo

Sampling
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i__-(:-_-? {S\J Morning session 9.00 — 12.30

A guantum gate between a flying optical photon and a

c .
300 0.35 cinol o Stephan Ritter
%.35 B.55 Photonic Stares Manipuladon In Aromic Ensembles Valentina Pargn

Accessible Information of Quantum Ensembles and : \

[

735 | 1015 Informational Power of Chantum Measurements Michele Dall Aeno

1015 | 1035 Extending the uuuntl_'ll'lil-{:[]r!jleLTJjEﬂ.t[-[]l'.I!'i toward the Space Paclo Villoresi

exploitng Sarellie Links

1135 | 11.05 Coflee break
11005 1125 The Casirnir eftect: E:n: sent status, .thuurl:t[:ul puzzles Giuseppe Bimonte

and future perspectives

1125 | 1145 A quantum Inﬁj?rm:lﬁun_ap‘prﬁach tr the black-hole Stefano Pirandola

information paradox

1145 | 1205 Rl:::l'.lu.‘ih'll::-i!-i- ok |:nll|:1:l:|1_.'|: properties to ElLH(:TElI:-]'! the case of Giuseppe Luca Celardo

Superradiance. Applicadons to light harvesting systems

1205 | 1225 | Transitionless quantum driving in open quantum systems Massimo Palma

12,25 | 1230 Concluding remarks
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Experimental recovery of entanglement by local operations

Measurement-device independent quantum cryprography with continuous
vamnables: security of the symmetric configuration

Efticient E:':PErimf_‘nI:ﬂ validation of photonic Boson SamPlin.g
Quantum Hoeffding bound for Gauossian states

Finite-size QKD and Quanmm Randomness from the Uncermingy
Ponciple

Dynarmics of entmnglement entropy and entanglement spectrum crossing a
quantum phase transition

Observation of tup-t‘:lugital plm:n:;:—rm:rm ir pl'lul:t‘mit quantum walk with
rwisted lighe

Path-polarization hyperentanglement characterization on chip

Universal Optimal Quantum Correlator
Electro-opto-mechanics with 5iN membrane
Correlations and Feat fluxes in a collisional model
About the use of fidelity to assess quantum resources
Towards end-to-end quantum cryprography

Quantum entanglement and quantmum discord dynamics in non-Markovian
channels

Strong Monogamy of Entanglement
Entanglement and nonclagsical properties of hyperpraph seates

Experimental Entanglement birth in the mixing of Guassian states: a
matter of Fidelity

The universal {-‘n::zing ph:m:}rn:nnn of geometric biparliu: correlations



State and energy transfer through noisy quantum
cellular automata

Michele Avalle

Department of Physics & Astronomy, University College London, Gower streel, London WC1E 6BT, United Kingdam
michele.avalle. 11{fucl.ac.uk

Abstract

I will present a class of noksy quantum cellular auiomaita
((CAY on a one-dimensional latice of qublis that allows to
emhed classical Markow chains within the formalism of
quanium operatlons (CPF maps), providing a framework in
which a quanium and a purely classical sinchastic dynamics
can e sirnply and falrly compared,

I will then show how this appeoach s capable o reproduce
and Isolate mon trivial coberent quanium effects when
applied o a relevant and cumrently widely invesiigaied field
of research such as energy iransfer in hiological processes

[11.

[ Presenting outhor)

Finally, I sill discuss the performance of this framework in
the context of guanturm state transfer, showling a way o extend
the dynamlcs in order o accommodate ranspor of indtial
coherences, besides excitations.

References

[1] M- Avalle ared A Serafini, “Noty CQuamosm Cellular Awviomata for
Cluaeeurmn versis Classical Excliadon Transfer™, Phys. Hew, Len 112,
L | 2014,
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Decoherence, non-Markovianity and quantum
estimation in qubit systems subject to colored noise

Claudia Benedetti
Dipartimento di Flsica, Universi@ degll Stedi di Milano, Via Celora 16, 20033 bMilano, [aly
lauetiat et @ |

Abstract

Im this talk | consider a qubit system coupled 1o a
stochastic classical fleld generating random telegraph molse or
colored nolse characterized bv a 1477 spectrum (0.5 < of < 2. [
address the decoherence and non-Markovianity induced by the
exlemal nolse as well as the speciral characterization of the
classical field by quanturm-limited measurement on the qubit

The wnavoldable interaction of quantum sysiems with thelr
complex envimonments wsually destroys its coherence anmd
quaniumnezs, The fraglle quanium information encoded in an
open quantum svstem = lost dus o the presence of the
environment  thatl  continuowsly  monitor  the  system.
Drecoherence may be induced by classical or guantum bath.
The classical description becomes progressively more reliable
as far as the environment has many degrees of freedom or
when the imeraction bebwesn a quanium systermn and a
classical  fluciuating  field = taken  Ino acoound
We consider a svstem consisting in two non-interacting qubiis
initially prepared in maximally entangled state and interacting
with a classical colored noise generated by non-Gauwssian
processes, In particular, we focus on two relevant classes of
notse: random telegraph notse generated by a single histahle
fluctuator and the colored molse with 17 power spectrum,
generated by a collection of N random bistable fluctuator
(M21). We thus analyse the dynamics of guanturm correlations
hetween the two gubits, We also discuss the evaluation of
non-Markovianity, in the sense of Information backflow, of the
induced dynamical map. We found that, for the considered
system, the presence of revivals of gquanium comelatbons
comesponds (o information backflow 1o the sysiem.,

The precise characterizatbon of the siochastlc  process
generating the classical noise, possibly  using  minkmal
resources, 5 a crucial ingredient for the  design  of
high-precision measurements amd rellahle communication
prodpcols, To this purpose, we address 8 complemendary
amalysis, that is the characterization of the speciral parameters
of classical nol=e by guantum probes, eg. a qubii. | consider a

Clowdio Benedetti

svstem coupled io the stochastic process generating the nolsse
amd explore the performances of quanium measurements on
the quhit to extract information about the spectral properties of
the nodse. Upon maximizing the quanium signal-to-nolse ratbo
over ithe preparation of the probe, the interactbon time and the
measurement at the owiput, we show that the optimal
characterization of the nodse strongly depends on the sructure
of the environmend.
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References

[1] Z Benedeid, F. Buscemnd, P Bordone, M. G. A, Pans, Phys. Bev A 87,
U5d328 [ 2014).

[2] . Benedem, MG A Parls, 5. Maniscalcn, Fhys, Hew, A HY, 1012114
2014y,
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12114 2014,
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Twisted photons for simulating quantum walks and
probing their effective band structure

Filippo Cardano’#, Francesco Massa', Hammam Qassim’, Maria Maffei’, Ebrahim Karimi®, Sergei
Slussarenko’, Domenico Paparo’, Corrado de Lisio’, Fabio Sciarring’, Entico Santamato’, Robert W_ Boyd®,
and Lotenzo Marrucci'”

‘Dipartimento di Scienze Fisiche, Universita degli Studi di Napoli Federico 11,
Complesso Universitario of Moate Sant"Angela, Via Cindia, 80126, Napoli, Taly
“Department of Plysics, University of Ottawa, 150 Lowis Pasteur, Ottawa, Omtario, KIN 6N5 Canada
CNR-SPIN, Complesso Universitario di Monte Sant’Angelo, Via Cintia, 80126, Napoli, Italy
"Dipartintente di Fisica, Sapienza Universitd df Rona, Roma (0TS, Italy
*filippocardanei@gmail .com

Abstract

Cuantum walks (QW) [ 1] were introduced as the
quantum counterpart of the classical phenomenon
known as random walk. In recent vears, it has been
demonstrated that search algorithms and universal
quantum compulation can be based on this quantum
process. On the other hand, Q'Ws can be exploited
to simulate topological phases and several
phenomena occurring in complex systems.
Stimulated by this wide applicability, a large eflort
has been [ocused, in the last decade, towards
implementing stable and scalable protocols for the
simulation of a QW. This process has been
experimentally realized in vanety of physical
svslems, such as trapped ons or atoms, NMR
svstems and photons. Photonic approaches have
hitherto mainly focused on multi-path schemes,
requiring terferometric stability and a number of
optical elements that scales quadratically with the
number of steps. In contrast, we have
experimentally demonstrated [2] a quantum walk
taking place in the orbital angular momentum space
of light, both for a single photon and for two
simultanecus indistunguishable photons. The whole

Filippo Cardano

process develops in a single light beam , with no
need of interferometars, and reguires optical
resources scaling linearly with the number of sieps.
An explicit advantage of this approach is the
possibility of mamipulating the walker initial state,
which can be prepared in any superposiion of
different lattice sites.  In this experiment we
prepared Gaussian wavepackets with a finite quasi-
momentum, which propagate without a sigmificant
change in their shape. Manipularing the coin state
and rthe quasi-momentum in the rreducible
Brillouin zone, we probed the underlying dispersion
relation and the effective band structure, as resulting
by the swrong spin-orbat  coupling  which
characterizes the system. Our  demonstration
introduces a novel versatile photonic platform for
implementing  quantum  simulations, based on
exploiting the transverse modes of a single light
beam as quantum degrees of freedom.

References

(1] L Eempe, “{manium Rasdean Walks: Am introdectony overdew™,
Conreme Py, 44, 4 (2000

12] F. Cardano e @l “Cuuanbesn walks esd guantum sisulation of
wavepacket dvmamics with rwisied phaodone™, srXiv:1407 5424,



Suppression of quantum locking and momentum
rejuvenation as super-boosts for quantum transport

Filippo Caruso
LEMS & Dipartimento di Fisica ed Astronomia, Universith di Firenze, 50019 Sesto Fiorentino, laly

OSTAR, Largo Enrico Fermi 2, 1-20125 Firenze, ltaly
filipps. carmiso il lems. unif. i

Abstract

Transpor propertics play a crucial rele in several fields of
sciemee, as biology, chemistry, sociology, information scicnce,
and plysics, The behavior of many dynamical processes
runaing over complex merworks is kwn 1o be clesely related
to the geometry of the uwnderlying topology, but  this
connection becomes even harder to understand when quannanm
effects come inte play.

Here, we exploit the Kossakoski-Lindblad formalizm of
guamnti stochastic walks [1] to investigate the capability w
quickly and mobustly transimit energy (oF information) keowean
two  distant  points  in owery  large  complex  structures,
remarkably assisted by external noise and quantum fearures as
coherence — see Fig. 1. An optimal mixing of classical and
quantig transpodt 14, very surprisangly. quite univessal for a
large class of complex npetworks [2]. This widespread
behaviowr turns out to be also extremely robust with pespect o
gEmnetry clanges.

[ somme cases, this can be betber understond by means of
the motion of wvariant subspaces introduced in Ref. [3]. The
latter are defieed as set of eigenstates of the systemn
Hamiltenian that are orthogonal with the site conmected o the
sink {guantuim becking effect), ie. they are not affected by the
open-system dvnamics amd their evolution is purely cobesent
and described by just a global phase. These invariant (trapped )
states can be systematical ly fownd for any network with some
degeneracy, as gemmetrical syminetries comesponding to large
degenerate cigenspaces, and the more they are, the larger is
thee anvownt of energy mrapped in the system. These subspaces
are, hence, suppressed when dephasing noise is added in the
dynamics and o the transport becomes more efficient.

However, for some ordered networks, as regular 1D and
20 lattices, there are no invariant subspaces or they ame very
simall, but sill the additional presence of noise remarkably
enhances the transport efficiency. Thercfore, we present a
pew, simple and iofwitive explanation for the intriguing
observation that optimally efficient networks are not pueely
guamtig, but are agsisted by some intesaction with a “moisy”
classical environment,  Indeed, by considering the system's
dynamics in both the site-basis and the momentum-basis, we
show that the effect of classical moise is o sustain a broad
momeentum  distribution, countering the depletion of high
mobiliny teems which oceurs as energy exits from the netwirk
[4]. This picture predicts that the oprimal level of classical

Filippo Carusoe

noise is reciprocally related to the linear dimension of the
Lattice; our nemerical simulations verify this prediction to high
accuracy for regular 10D and 2D netwiorks over a range of sizes
up to thousands of sites [5].

Fimally, this insight leads also to the discovery that
dramatic further improvements in performance occur when a
driving field targers noise at the low mobility componenis.

These results muight pave the way for designing optimal
bio-inspired geometries of efficient ransport nanostruciures
tlsar can ke used for solar energy and also  guannom
information and communication technologics.

Fig. 1. Emergy irassler over & quassum complen network Bromn & sournce {e.g.,
ligha-sarversiisg anienna} 1o an extersal =wpping site or sink {2.g., reaction
cenber in rabernl photosynibetic complenss).
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Scalable Quantum State Tomography

M.Cramer

Institut filr Theoratischie Physik, Albert-Einstein-Allee 11, Universitht U, D-89060 Ulim, Germany
HEARCLS. cramerani-ulm.de

Ahstract

Recent contributions in the field of quantum state tomograply
have shown that, despite the exponential growth of Hilbert
space with the number of qubits, tomograply of quantam
svatems  may sl ke performed efficiently by tailored
reconstruction schermes, We discuss some of these {certifiable)
scalable methods to reconstruct (pure} mixed stabes.
Scalability refies on the fact that the discussed schemes only
requine beeal information about the state.

(Praseniing auifior)

LF

L
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Abstract

Cuantum discord [1], and a number of related indicators,
are currently raising a relentless interest as a novel paradigm
of non-classical comelations beyond entanglement. Beside
mierely fundansental aspects. vamous works have shown that
discend is a valuable - so far largely unexplored - resource in
quantum  infermation processing. Along this line, quite a
striking scheme s entanglement activation [2]. An initial
amount of discord between two disentangled parties Al and
A2 of a multipartite system Al & A2 @ @ AN affects the
dvnanics so a5 to establish entanglement across the bipartition
(Al & AIHAI @ @ AN, which would not arise otherwise.
T date, such a process was proven o be achievable only
dynamically, ie. with mo  goaraniee of a  stationary
entanglemnent ouipul in the presence of noise.

Here [3], we discower a discord-activated mechanism
vielding steady-siate entanglement production in a realistic
continnons-vamable  setup. This  comprises  two  coupled
optomsechanical cavities [4], where the optical modes (M=)
communicate through a fiker. We first use a simplified model
to highlight the creation of steady-state discord between the
Oz We shiow pext that swch discord improves the level of
stationary  optomechanical entanglement  attaimable in the
svstem, making it more rebust againsl lemperabure  and
thermal noise.
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Fig 1. Skeich of the sysiem: twoe lser-driven optomechanical
cavities coupled to an optical fAber. This indirect coupling creates
discond between the two optical medes, which is tmansfarmed imio
aptamechanical enianglemend.
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. Abstract

We amalyse the unsavelling of the guanium optical master
equation at finite temperature, due 1o direct continuous,
detection of the environment. We start by defining the Positive
Operator Valued Measure ( POYM) correspomding to general-
dyne detection, by also presenting a corresponding feasible
neeasureinent scheme able to implement it. Then, we derive
thee stochastic master equation obiained by considering the
interaction between the system and a reservoir at thermnal
equilibrivm, whicl i measured according to the POYM
previeusly determined. Further, drawing from the notion that
thee themmnal state of the envieonment may be regarded as the
Lisgal state of & logsy aind noigy tae-mnode squeczed state, we
comsader comditional dymamics (“unravellings™) resulting from
thee hsmadymne detection of the two modes of such a state,
Thus, we identify a class of anravellings parametrised by the
bixss rate suffered by the environmental two-mode state, which
interpolate between direct detection of the environmental
meirde ocourring for total loss, whereby no correlation

Marco G, Gepanr

between the two environmental modes is left) and full access
tis the purfication of the bath (occurring when no less s acting
and tlee two-imisde state of the environment is puez). We fimally
sleed some light on the counterintuitive pesult according to
which a larger degree of squeezing is obrainable by contimems
measuremnent and feedback, by increasing the temperature of
the cnvironment: such optimal values can be indeed obtained
only when a fully purified batl is accessible, whereas direct
dietection of the environment is wot able o reach the maximal
steady-state squeczing.
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Abstract

Cuantum biology is an emerging field of research that concerns itsslf with the experimental
and theoretical exploration of non-trivial quantum phenomena in biological svstems [1, 2], In this
overview talk we aim to bring out fundamental assumptions and questions in the feld, identify
basic design principles and develop a key underlying theme — the dynamics of quantum dynamical
networks in the presence of an environment and the fruitfal mterplay that the two may enter.
In particular, we will discuss dynamical processes of relevance In photosvnthesis. Photosynthetic
architectures generally comprise pigment-protein complexes [ FPOC) o harvest sunlight that is sub-
sequently transferred in the form of exeitonic energy across the PP C and reaction centers to convert
electronic excitations into a stable charge separated state. We will show that the non-trivial epectral
struetures of the environmental fluctuations and particularly the presence of discrete, underdamped
vibrational modes lead to the generation and sustenance of both cscillatory energy transport and
electronie coherence on timescales that are comparable to excitation energy transport [3]. These
resnlts, together with the recent observation of coherent effects in the process of charge separation

in the Photosystem 11 reaction center [4], give ground to the possibility that there could exist a

quantitative link between coherent dynamics ancd efficient biological funetion.
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Abstract

Since the first observation by Johannes Eepler, it has been
well understood that a light beam carries limear momentim
upon propagation. However, physicists needed musch more
time toe realize and demonstrate that a light beam also
possesses angular momentum, which orginates from two
different types of rotation: spin angular momentum {3AM)
amd orbital angolar momentum (OAM) [1]. These two
different forms of rotation are associated with o different
feamres of light: the vectorial mature of the electromagnetic

field, and the phase-frone of the beam, respectively. Optical

bearns with tavisted phase-front possess a well-defined integer
value of OAM and have an essential singularity af their beam
origin, where an optical vortex is located [2]. The phase of the
optical beam around this point of 2ero intensity is undefined,
amd light around this point possesses angular momentum, Jolin
Mye and Sir Michael Berry observed thase points and called
them points of phase dislocation [3], but later they were
pamed phase singular points [4]. Moree recently, our research
team showed that the radial index (the fergotten quantim
namber) of the paraxial wave associated with the radial phase
amd intensity distribution of the optical mode [3,6] can be used
to label a single photon in additien o the degrees of freedom
already known [T]. This opens up a new route toward
implementing  quantim  algorithms with single bearn radial
masks. Furthemmore, optical beams with specific transverse
modes amd polarsation states pesult in complex space-varying
podarisation and intensity distributions known as vector beams
amd in some particular cases reduces inbo vector-vortex beams
[£,9]. Surprisingly, such a beam in the single photon regime
leads to a single photon muolti-degrees of frecdom entangled
state  suitable for novel quantom  applications such as
dense-coding and implementing novel quantum peotocols [LO-
1Z]. This quite nowel branch of optics gives promising
oppormnities o develop devices to control fluid flow on a
mickorscale, improve reselution on micro and astroromical
scales, increase the information capacity in classical and
quanium  communication, and gquanium  computation  and
metrelogy.

{Preseniing auihor)

The fundamental physics of phase and vector singularities,
limear and angular reomentum, and the radial momentem of
light will be the subject of my talk. Applications of these
modes in modern plysics will also be discussed.
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Abstract

Quanlum infermalion prolecslz are commonly beazed sn Lo
differenl kindz of enceding. Bome experiments a e per formed
wilh 'dizcrele- variablez®, where Lhe infarmalion iz enceded in
a lwe~dimenzicnal Hilberl apace, for o inglance on Lhe
pobrizalion of zingle pholonz, OLher esperiments foc ez on Lhe
‘conlinuwouz-variable’ appreach, wher Lhe informalion iz
encoded in an infinie~dimenzicnal Hilberl apace, Er indance
on the quadralune component of lighl, Bolh encedings hane
advantger and drawhaskz when Lhey come Lo sophizlicaled
prolecolz. Bizing Lhe o appreaches haz recenlly led Lo a ze-
called 'hybrid quanlum informalon® aiming al meging Lhe
propesligz ofF Balh [1] T will illugtrale thiz appreach b zome
recenl experimenls, well-zuiled for long-dizlance nelwsrking
and where dizzrele and conlinwsws sarisbles are combined.

Afer a peneral everries, including & guanlum
repealer anchileclune bazed on Lhiz appreach [2], T will firzl
reporl oh quanlum Zlale enginesring experimenls wilh high-
bidedily, &g, Lhe generalion of zingk-pholon and wo-pholon
Fock zlakz and zuperposed cohersnl zlaks basd on
conlinuwouwz-wave oplical pamamelnic eacillakrz [3,4]. Buch
efficienl penefalion & & mequizile for implementing further
Est P Ti e n Lal preskec ola

The zecond parl of the lalk will Lhen fowr on oa
hybrid prodecol Eor wilnezzing zingle-phelon enlanglemenl in
a large-acale nelwark [5,5]. Bwe:h enlanglemenl conzlilulss Lhe
zimplezl form of enlanglemenl ¥el il provides a valuable
rezouics in quanlum infermalion acience. TL liez al Lhe hearl of
quanlum nelwerks, & il can be wzed for quanlum lekporlation,
Zwapped and purified wilh linear oplicz. The main drawback
of guch enlanglemenl iz e difficully in meszaring il The
propoaed operalicnal wilhesz wies homedyne meagwnemesnls
and iz bazed on a Bell-lype goznarie, Bigniticanlly, ildeez nol
need peglzelaclion, wies local mesguremenls only, and dees
nol redy on azzumpliong aboul Lhe dimenzion of the meszuned
zhle. We demeonzlraled Lhiz wilnezz, and ilz rebuzlnezz wilh
bazez. Thiz ezl highlighlz Lhe polential of splcal hybrid
meLhodz,  where  dizersle  enlanglemenl iz efficienlly
charazlerized wia  conlinwbuz-variable. meaguremenls,  in
werifying Lhe proper funclisning of fulwns quan lum nelwesrks,

Finally, T will prezenl Lhe generalion of enlanglemenl
belween oplical qubilz of differenl Lpes, e, parlicle-like and
wiawe-like, localed al diglanl places and connecied by a leazy
channel [V], az zkelched on Figure 1. Buwch  hybrid
enlanglemenl of Lhe form [+=| a0 #H-A-a=, which iz a key

filen Lavrat)

upme £r

rezouics Eor a wariely of recenlly propoasd a:hemes, including
quanlum cryplegraphy and compuling, snabks b conwerl
informalion  from one Hilkerl zpace Lo e olher  wia
Eleporialion  and  Lheefore  connecl  remols  quanlam
proceszons bazed wpon differenl encedingz, Beyond ila
fundamentsl gignificance for Lhe eaplomalion of enlang lemenl
and ilz peazible inzlanlialionz, Lhe realized oplical circuil
cpenz  lhe  promizez Br heleropenesuwz nelwork
implementslionz, whene dizeele and  conlinwows-sariable
oiperalionz and lechniques can be efficienlly combined.
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From quantum data locking to the quantum enigma machine
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One major contemporary application of gquantum mechanics is within eryptography. In quantum key
distribution, the goal is to distribute secret keys among two legitimate parties, Onee a secret key is shared, it
i= used to encrypl o message on 4 public channel, where a thind party has negligible probability of successTol
decryption. A drawback, however, is that the key and the message must have equal length, This yields a
major challenge for quantom key distribution, ie., the distribution of seeret keys at bit rales comparable to
standard communication technology.

To explore altemative scenarios, we consider the phenomenon of quantum data locking, According Lo
this unigue gquantum phenomenon, g small seeret key can be used to "lock™ an exponentially longer message,
il this message is suitably encoded into o quantum system. This resembles the XX century enigma machine,
acipher that used a short secret key to encrypt a much lomger message. Unlike the classical enigma machine,
our quantum enigma machine” is provably secure, The reason for that is that quantum data locking violates
the famous theorem of Shannon’s, according to which the secure encryplion of a message of n classical bits
requires 4 secret key of ab least nobils.

Wi answer several questions aboul the possibility of applying quantum data locking for eryplography.
Ome of them concerns the locking of information through noisy channels. We put the problem of quantum
data locking of quantum channels on g solid theoretical ground. We formally define the locking capacities
of a quantum channel, and prove bounds and results concerning these quantitics.

The power of quantum data locking originates from a large gap existing between two security crileria
[or quantum eryplography quantificd by two entropic quantities: the Holevo and the accessible information.
Wiz shonw that the Latter becomes o sensible security criterion it an opper bound on the coberence lime of the
cavesdropper’s quantum memory is known, Uncer this condition we introduce protocals for key distribution
through o memoryless qudit channel. For channels with enough symmetry, such as the d-dimensional erasure
and depolarizing channels, these protocols allow secnet key distribution at an asympiotic rate as high as the
claszical capacity (that is. the rote of classical communication withoul any privacy requirement) minus ong
hil.
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Non-Markovian quantum dynamics: when the past comes back

Quantum systems interacting with their external environment are generally investigated to
understand the detrimental effects of noise on their quantum properties. Reservoir
engineering technigues combined with increasingly sophisticated theoretical approaches
o open systems dynamics, however, nowadays allow 1o ask new kinds of questions: which
types of frequency spectra are best suited to securely send information along a noisy
quantum channel? Which characteristics of the environment mostly favour efficient
transport along quantum networks? Are reservoir memory effects useful for guantum
devices?

In this talk | will give partial answers to some of these questions, opening up new
perspectives on the noise-induced limiting factors of guantum technologies and how to
overcome them. | will firstly discuss how reservair engineering can be used o optimise
channel capacities and even abtain length-independeant finite-capacity channels [1].

| will then present a formal analogy between open system dynamics and entanglement
theory and, building from this analogy, | will introduce a hyerarchy of non-Markovianity
measures and discuss the concept of entanglement witnesses [2].
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Ouantum opto-mechanics 15 mpidly evalving beld wath a
strong polential impact both o the analysis of fundamental
aspocls = cuantum 'p]1:.r:j|:5, and [or u'p'|:||j|::|li-::-n5. Ewen the
domain of quantum communicabions 1= likely o benefil from
such research. For instance, a micmo-oscillator can ke vzed o
store quantum information (laking advantage from the weak
decoherence of high-0)) oscillators), or to connect microwaee
Lo |.1|.'.\l.i.-::|| channels n ]1:.r|.'l|.'id =y=bems. A crucial F-:n.']i.minnr_l,'
task 1= producing oplo-mechameal systems fully working 0
the quantum regime, Le., geting nd of clasial ooise sources
such as thermal Huctuations. Such a major breakthrough have
been mcently achioved in few key expenments, that hove
obtained nano-mechanical oscillators with cccupation number
below |.|.ni1:,', and :quuc:u:d |ig]1l pm-ducl.'d h:,r |.1'|:|1|.1-rr|L'\-u|.'|ur.|ii:uJ
inberziction.

We  wall present the development of  Micro-Clplo-
Mechanical  Systems  (MOMS), based on silicon  wafer
technology, that achiewe wery high lewvels of mechanical
quality (i, high mechanical (J, yielding weak coupling with
the background and low thermml fAuctuabions) and optical
quality {allowing their vse in high Finesse ophical cavities). As
a prebminary sbep toward the production of pon-tnivial
quanium stale in macroscopac syslems, we will also present
the conflinement of a MOMS in a squeezed thermal stals,
obtained l'l:,' 'prlmmcl:i.-: medulabion of the |.1|.'.\l.i.-::|| xpring. In a
recent work [1], we bave indeed proposed and implemented
an experimental scheme based on parmmetnic Feedback control
of the oscillator, which stbilizes the amplified quadraiune
while leaving the cothogonal one wnalfected. This technicue
allow= us o surpass the -3dB Limit in the noise reduction,
amociabed to pu:u:ru.'lrjl: resonance, with 2 best usp-t:rirr.u.'nlu]
result of -7.44d8. While the presenl experiment 15 1o the
classical regime, in a modermtely cooled system the techmgue
can be efficiently exploied to produce sirong squeezing of a
macroscopic  mechanical  cecillater below  the  ssro-point
micskicn.

Froncesco Mann

Fig. 1. CAD drawings and SEM demlls af teo apio-mechameal oscillames
with resonst Frequency of the maln mode 117 kHz and 150 kHz 4
Front skde with the elmsiic srucare etched in the device layver and. e
circular mirmar deposiied over the cemml disk. b Back side with the
circular Imme elcked in e hondke oy
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Non-interferometric Test of Collapse Models in Optomechanical Systems

The test of maodifications to quantum mechanics aimed at identifying the
fundamental reasons behind the un-observability of quantum mechanical
superpositions at the macro-scale is a crucial goal of modern quantum
mechanics. Within the context of collapse models, current proposals based on
interferometric techniques for their falsification are far from the experimental
state-of-the-art. In this talk | will discuss an alternative approach to the testing of
guantum collapse models that, by bypassing the need for the preparation of
guantum superposition states might help us addressing non-linear stochastic
mechanisms such as the one at the basis of the continuous spontaneous
localisation model.



Geometric quantum discords

Dominigque Spehner
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CNRS, LPMME, F.I86Y) Gremable, fronee

I'he geometric quantum desord is a messure of quantum correlations which has similar proper-
tie= than the quantum discord propesed by Qllivier and Zurek |1] and Henderson and Vedral |2] o
fquantify the degres of non-classicality i a hipartite system. 11 s defined as the minimal distanoe
of the systemn siate to a clasical state with respesct to one subsystem, that iz, 1o a stale with zero
quanturn discard [3]. It = also of interest for applications in wrevesible dynamical proceses o de-
termine the closest classical statel 2] to a given state. We will review in this talk some recent resulis
on the grometric disoord and closest classical skates when the distanoe on bhe set of quantom states
= either the Bures or the quantum Hellinger distance. For pure states, the corresponding disoords
recluce ba known entanglement-monotone mesures, Por mixed states, the disoord with Bures dis-
Lanoe coincides with the optimal suoces probability of an ambiguows quantum state discrimination
task [1]. We will show some general relabions and inequalities betwesn the dizcords for the Bures,
quanturm Hellinger, and Hilbert-Schmidt distances and argue that analytical explicit expressions
can b= ablained at least when the measured subsystem is a qubit [5, 48]

[1] H. Ollivier and W.H. Burek, Phys, Fev, Leli. 88, 017901 [2001)

[2] L. Hendersan and V. Vedral, J. Phys. A 34, 8800 (2001 )

[3] B. Dakid, V. Yedral, and C. Brukner, Phys, Rev, Latt 106, 190602 (2000]
[4] 1. Spehner and Y. Omzag, New Joornal of Physics 15, 108001 (2013)

[5] 1. Spehner and M. Orszag, J. Phys, A Math, Theor, 47, 035802 [2004)
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Generating continuous variables qubits using

arbitrary quantum superpositions of single-
photon operations

Al Coelho, LS. Costanzo, A Favalla & . Bellini

[stitute Mamonale di Mo (INO-CHNE), Florence, [taly.
and LEMS and Department of Physics, Universaty of Florence, Florence, lialy.

Full qguantum state engineering can be efficiently accomplished by the experimental
application of single-photon addition and subtraction operations and their arbitrary
supcrpositions  to light states [1]. Besides demonstrating  important  gquantum
information tasks like noiscless amplification, by cxploiting the action of such
operabions on different spatio-temporal modes it is possible to generate a new type of
hybrid entanglement between a single-photon and a coberent state [2]. Recently.
hybrid entanglement in a free-traveling Field was identified as a vsehul resource for
optical quantum information processing [3].

Bascd on such schemes, the realization of a new kind of qubit for guantum
information encoding with continuous variables will be presented.
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Quantum State Routing and many-qubit Quantum
State Transfer via a single channel
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Abstract

The tranzfer of an wnknown quanium gate (33T),
frem & @ender 1o a receiver, iz one of the main requiements 1o
perform quantum information proceging tagke (OTE). In thiz

E[G'T of a zingle qubil by meanz of gpin chainzg haz
bee,n -.-.-'ldel_-.r digcuzaed, and many probcok aiming at
performing thiz w2k hae been propoaed (for a review e
Beb.[1] and rmeferences thersin), Meserhelezz, 1he Fiste
tranzfer of more than one gubil haz nel been properly
addrezzed & far. The poaibilily of wzing a zingk quanium
channel 1o implement different TP tagks, zuwch az, eg.,
quanium glate rouling of the tanzfer of the gale of 1 qubils,
would offEr @gnificant advantages with o the wae of
mulip Ie%uanium channelz, each one gpecificall ¢ devoted 1o a

gingle GT

In thiz talk quanum gate routing (OSF) and the
tranzfer of the quanium date of 0= | qubilz (n-33T) by meanz
of gpin- 12 chainz & sddrezsed, in the framewsrk of minimal
enginesring a=llings.

In the caze of Q8E, the aim iz 1o dezign & tranafer
acheme zuch that the aender iz in conditien 1o chess the
recei ver (of The ziate 1o be tranzferred) among 2everal gping on
& lattice by meanz of local operationz. Tn Big.l, a gketch of the
]:-r-:-ml Eulfilling $)5E. iz de]:-lciad [“2]

et 1..——1..4.'

Pig, 1. Cuohit Sa jred] sobodies de ender aod qubiea JRa, R Bl
(Rluee] e poceivera By funiog e coggeestic Tiald oo S do ooee of e vabe of
ter [difermot] coaaeetic fielda oo P (geemn), e guendons 2o oo Sada
rmacnarehy frargiermed do qubi B

Ty L O Apciliors

The tranzfer of a quanium ate of 0=l gubilz {n-
O8T) congiglz in achiering & high-fidelity rangbier of the
Juanium giake of many qubitz v te we of a zingle zpin
chain. Tethiz aim, a medified werzien of the 1-93T acheme
Propeaed in Bef[3] iz adepied. Tn Big.? an inglance of 2uch a
protocol i depicted in the ca® of 2-03T belween the two
pairz of qubitz located &t the edges of a gpin-1/2 chain.

oo i o —eoioee

Pig. 1. The fretaod bt two qobis (ped] of G2 opm dain ccbodies the
#nder and racaiver, caapectiva by They am coppled fa @ aicg ke quands
dwacce] 7 (Rl Tie e acd laet gnicg of 1 (ligbtbles] opedare a
#roog cageestic field & odoces Rabiliee cocilltiora of e
e Matiorn Betpesen e 2epder and the cecenver Blodr, yieldiog a Bigh-
quality Hate fmrafer forarbinay ¥ qubi saiea

Por the 2-033T, an analylical exprezzion of the average fideliy
&2 a funclion of the allowed eacitationz ranzfer amplitude are
defiwed and, hence, theosedical inwesligatienz on the @earch
and cplimization of other 3T protocolz may be triggered [4].
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Gaussian Quantum Discord: Theory and Experiment
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Abstract

We define the Gawssian discord of response as the distance
between the state amd its closest image wder Gawssian local
unitary transformations. We analvee the propertics of such
new measure under different metrics, that indwce well defined
quanium correlation measures, as Hellinger, Bures, and race
distance [1]. We present explicit formulas and sumersical
resulis

We also present experimental tests that confinm the theoretical
findings [2].

Bloreover, we shivw that the Gawssian discord of response lsas
a natural operational interpretation related 1o the reading

Theniele Buono

efficiency in a quanium reading protocol [3]. In fact, the
amount of quamum cormelation v a4 given ransmitber, as
quantified by Gaussian discord of responge, is directly related
o the probability of emer in a Gawssian protecol of quaninm
reading.
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Understanding freezing of quantum correlations from
first principles
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. Abstract

Bipartite mixed skbes con manifest quanium cormrelabions
more general than enimnglement. The quantification of these
comrelations relies on =0 called bona hde  discord-like
measures, which all xuli.xl.':,' a sel ol NEC o Rry r|:q1.|i|.'-|.'m|.'nlx
but. 1n general, are not equivalent. Nevertheless, all the known
bona fide discord-like quantifiers agree on the fact that general
quanium correlabons  are more obust than entanglement
against neise. In parbicular, they all manifest freeang under
local non-dissipative decoberent evolutions, provaded  that
lpl:i:i.l-l.l: imbial  comdibtions ame =el, whersas |:r.||:|n3.|i:rr.u.'nl
undergee= the well-known  sudden  death. This  freezing
phenomencon s quite appealing since 1t tmplies that every
communication  proiocol  relying  on general  guantum
correlations a5 a resource will mn wiath o performmnes
unaflected l'l:.r noise o the :|:||.1:i.|.-|.-: dynnmiml condibicires.
Therefore, it 15 natural 10 azk whether freezing just happens as
a mathematical accident or it bears a deeper physical meaning
which should mamfest independently of the adopled measuns,
Answering 1o this question s the objective of our work.

{Presenting author)
Marco Clancloruss
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Radiative properties of matter in collapse models
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. Abstract

Collapse models are phenomenclogical models, propesed to
solve e measurement problem, where the evalution of the
state vectors is driven by a non-linear and stochastic equation
[1-4]. These models make predictions different from quantum
mechanics hence, they can be tested. For example, aollapse
models predict emission of radiaton also from systems that
should not emit radiation according 1o standard  quanium
mechanics [5-7].

In this talk, afler & general inirodoction on collapse models,
wig discuss about the bounds set by radiation emission on the
parameters of collapse models and about pessible ways to
imiproye thean.

{Eressntimg author)
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Lambda Scheme for Population Transfer in
Superconducting Qutrits
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Abstract

The implemeniation of a lambda  scheme  in
superconducting  "artificial atoms” could allow detection of
STimulated Raman Adiabatic Passage (STIRAP) and other
quantum manipulations in the microwave regime. Despite
many theoretical proposals this problem is still experinentally
unsedtled. We have shown [1] that implementing an efficiend
Lambda system in a "quirit” depends on the tradecfl betwsen
elficient coupling and non-Markovian (low-Fraquency 1T [2])
components of moise. Indesd  protection from noise and
supgression of pump coupling depend oo the same syvmmetry
ared are conflicting issues. Substantial efficiency can be
achieved within present Fabrication technology which allows 1o
exploit tunable symmetry breaking. We find 8 number of resulis
2] wniguely due to non-Markovianity of noise, namely: (o) the
efficiency for STIRAP depends essentially on noise channels in
the "qubit” rapped subspace; (B a simple physically motivated
fgure of merit for evaluation of design and operating
prescriptions is derived, (c) a scheme of effective dynamical
docoupling related 1o symmetries of the threa-leval band-
structure of the device is Ffound [3].

i Presenting author)

We next introduce two imporiant ingredients iowards the
implementation of population transfer and guamiom  siate
Enginesring in solick-state Cirenit-ED or
narelectmomechanichal architectures. The first is a 2+ 1-phaoton
schenme allowing for a Lambda comfiguration at the symmeiry
point [3]. Pump coupling and noiss protection now both
mnereas:s for increasing Josephson enecgy, this advaniage being
hiowrever limited by leakage from the three-level subspace for a
more and more hammonic spaciim.

The second dssue is 8 protocol where usoal tao-photon
STIRAYP is tngeered by a suimble modulation of detonings,
allowing to operate with an always on field. The absence of an
exdcl dark stabe nmkes the phenomenon of  distroctive
interference untrivial. This operation mode may allow to switch
couplings o quantized modes in solid-state archibeciures.

References

[1] G Falel e al. arXiv:1305.020, sccepisd lor publcatlon on FRB (20135

[2] E. Paladino Y. Galperin, G. Falel. B, Alshuder, "1 nolse: implicaions
Lor quamum inlormmion ™, arxl 1304 7925 Invieed review subm. o Rev.
nicd. Fhys.

[3] G Faloleal. PHYSICA SCRIFTA TIS] 014030 (20125,



Quantum Frustration in complex systems
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Abstract

The dynarnics of a2 many body sysiem = governed by an
Hamilionian that is the sum of local terms, e, terms that act
only on a subset of the elereents of the system. Following the
principle of minimal energy, each one of these lems acts o
minimize the enargy. However, when the subsysiems overlap,
there may he conflicting interactions that forbid the exisience
of a configuration able to reach the minimum simuolianeously,
This physical phenomenon (s known as frestration. While for
classical swstems, frustration 1s associated to some non trivial
geometric property, due 1o quantum non-commutativity and
entanglernent, classically unfrustrated sysiems may admit
frusirated guanturm counterparis. Recently i was introduced a
measure able 1o quantify the frustration that provides a unified
treatrmeent of hboth classical and quantum svstem amd relate
guantitatively the frustration to the entanglement and shared
classical correlatbons,

[n the present talk we wish to ilustrate some new resulis
about the behavior of the guanturm frusiratkon in a large class
of spin-1/2 modals, Le. the anisowropic Helsenberg models
without anv resirlctlon on the mnge of interaciion or on the
geometry of the lattice. Such class of models or at least a part
of i, can ke afficlently simulaied, mowadays, using many
experimenial device as trapped lons, uliracold atoms loaded in
optical lattbces or MMR devices. Because the Hamiltonian that
wa are conskdering can be see a5 a sum of two body ierms, we
can naturally Individuate as elementary subsysiems, the pairs
of directly interacting spins. For such elementary subsysierms
wie Introduce a classiflcation betwsen classical and quandiirn

Presenting Authors: 5. M. Giampaolo

frusiratbon hased on the degeneracy of the local ground space.
For the elementary subsvsiems that show quantum frostration,
wa will prove that there exist a relation between frustration
and concuwrrence. Becawse the fruswratbon s assoclated to the
entanglernent hetween the sub-sysiem 5 and the rest of the
svstem  while the concurrence = A measure of the
entanglement in 5, such relation drive 15 (o the formulation of
a new expression of the emtanglement monogamy. We will
then focus on models characienzed by the presence of both
classical and quantum frustration and we show that, In such
cases, the frustration patterm must depend on the Hamilionian
parameters and when they varv we may oblain a transiion
hetween two or more different frusiration patierns We also
connect such kind of transition to experimentally observable
quantities that average the system proprieties as the guasi
mormentur distibution in the optical laitices,
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Entanglement and complementarity

L. Maccone
Universita di Pavia

Abstract

W show that states that have mose correlations among complementary observables most be entan- gled. The reverse is false:
general entangled states do pot have mose correlations on complementary observables than separable obes. We show that this is
trise for different measures of comelation: mutual information. the Pearson comelation coefficient, asd the sum of conditional
probabilities. This can be used as a state-inde pendent test of entanglenwent and as entangloment measure. We also show that states
with nonzero discord tvpleally have less correlation than classically correlated states.
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Useful Entanglement in Quantum Metrology
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Abstract

Entanglement is the key quantum resource for improving
mreaswrement sensitivity beyvond classical limits. Yet, not all
entangled states are equally wseful for metrological purposes:
the “wseful™ ones are those, amd only those, which have a
Fisher informatbon larger than the nwmber of particles (or
qubits) [1,2]. It is thos clear that devising model-independent
theoretical tools to guide the experimental extraction of the
Fisher information is of crucial interest in quantuim metrology.
In this falk [ will review the theory and discuss a recent
experiment witl Bose- Einstein comdensates of a large number
of atoms [3] where the Fisher information has bean obtained
via particle counting and without access o the full demsity
Enairix.

{Bresenting author)
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Geometric measures of gquantum correlations: characterization, quantification, and
comparison by metrics and operations
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I'he geometbric meazure of gquantum correlations can b defined through the distance between a
given state and the sel of stabes with the classical correlatons only [gecmet e discord | 1], bt
alan through the reaction of o given bi-partite state on a local measurement | mssurement indoeesd
grometric discord) |2] or through the response of the state ona lecal unitary perturbation [desoord of
responss) 3], The Bures distance, trace distance and Helinger distance defining geometbric measures
of quantum corrdations are analyzed. Several recently obtained relations between the dizscord of
response and the other types of geometric dizoords are discusssl for different metrice 4], Due o
thr=se relations the trace or the Bures geometric discords which were computed eaclier for aeveral
classes of states automatically provide the analytical formualas for the discord of responae definesd
by the respective distances, Oin the obher hand the known value of Hellinger discord of response
can be wsed o compute the Hellinger type peometric discord. The maximally quantum correlatesd
stabes with respect ta the disoond of response induced by different norms are discussed as well,
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Electrical control of a long-lived s pin qubit in a 81'SiGe quantum dot

P. scarling'’, E. Kawakami™, 0. R, wand®, F. R. Braakman'?, 0. E. savage?, M. G, Lagall?,
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Maneofabricated quantum bits permit large-scale integration but uswally suffer from shaort
coherence times due to interactions with their solid-state environment. The outstanding
challenge is to engineer the environment 5o that t minimally affects the qubit, but still allows
qubit contral and scaalability. Here we demonstrate a long-lived single-electran spin qubit in a
S5i5iGe quantum dot with all-electrical two-axis contral (7). The spinis driven by resonant
microwawve electric fields in atranswerse magnetic field gadient from a local micromagnet [,
and the spin state is read out in single-sh ot mode [ J). Electron spin resonance ocours at two
closely spaced frequencies, which we attribute to two valley states. Thanks to the weak
hyperfineg coupling in silicon, 3 Ramsey decay timescale of 1us is observed, almost two o ders
of magnitude longer than the intrinsic timescales in GaAs quantum dots, while gate operation
times are comparable to those reported in Gats, The spin single Hahn echo decay time is
around F0us and can be extended till 200us applying a CPMG 22 echo pulses sequence,
possibly limited by intervalley scattering. These advances strongly improwe the prospects

for quantum information processing based on quantumd ots.

1. E Kawakami, P. Scarlinoed al., arx{iv: 1400 5400

2.7 . Tokura, W, &. Vander Wiel, T. Otata, 5. Tarucha, Coherent Single Elecinon Spin Control 4 Slanting Zeaman
Field. Phye Bew. Letl. 6, Q47200 (20065).

3. I. M. Elramman &4 al., Single-ahod read -cut of an individual eleciton apdn in g quantum dod. Mature 430, 431435 (2004).
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[left and upper right} Rabiascillatians far the single electran spin canfined in 2 single depletian
quantum dat defined in 5if5iae; [lower right) Energy level diagram af the spin transitian invalved in
the driving procecs;
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Detecting multiparticle entanglement of Dicke states

Ciéza Toth'*" and Giluseppe Vitaghano'
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There ave been many experiments aiming ol preparing
larger and larger entangled quantum states. Becently, it lmas
been realized that apart from Greenberger-Horme-Zeilinger
(GGHE states and cluster states, symmetric Dicke states of the
fype

3 Ly ¢ W =l ] M
D = (i) 77 R Pely B s 1308,

(l

have advanlageous properties, (Here the summation is over all
distinct permulations. )

Firat of all, the squared ovedap of { 1) with biseparable
states is Y5 for large particle numbers [ 1], Only cluster states
amd GHE states knoown 1o kave this property, for other states
the overlap is larger. This makes symmetnic Dicke states gond
candidates for experiments creating many-particle
entanglement, as only a fidelity larger than Y is required io
dietect genuine muliipanite entanglement.

The symmedric Dicke state (1) alse has  optiral
mietralogical properties. It maximizes the sum of three
quantum Fisher information terms [2-3]

Eiglw. ]

Pgady] o Iyle S

similarly w GHE stales,

Finally, the staie (1) can be created naturally in photonic
syvatems [4-5] and also in cold gases [6-T). The state (1) is alzo
miore roebust o noise than GHE states,

[n  our contribution, we present entanglement conditions
detecting entanglement close to the symmetric Dicke state (1.
They are based on collective measurements, thus can be
applied in an ensermble of very many particles,

Firat, we present a spin squeczing parameter thai can
detect entanglement close 1o Dicke states [8-9)
AT | T
fe =1 =11 n

e W= -

Then we discuss ow to detect multipasite entanglemeant close
o sueh states with a nonlinear condition [11].

Finally, we show experimsental resulis for an ensemble of
2000 cold atorms, i owhich 2B particle emtanglerment s
detected, even allowing for an uncertainty of 2 standand
deviaticns in the measuped valwes [11]. {S2e Fig. 1.)
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feraciion af smadipartle enianglosment for N= 000 pacles. Poiss
COrESpTITAE & stare with of mosd 2R.pardols cianglemenr g ahave
the carve. Ay stase hadone the caerve Jhas g muinpasticle entanglamenr af
mare than 3§ particles, Lm0 L N2 Far e deseriprion af e
fhesr condinows, s el (10 1]
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Abstract

Decoberence is one of the main abstacles placed in the way
of the comect functioning of gquantum devices. [t s an
ubiguitons phemomenon, due to the unavoidable interaction
between a quantuin principal system and its environment,
which becomes  particulady dismuptive when  guantam
properties are o be exploited and contrelled. Despite being
an ordinary effect, decoherence is mot easily describable in
a general framework, as it depends on sevieral details of the
pliysical setup. In this work, we make wse of a recently
progoesed method [1] for studying e dymamical evolution
of a gemeric quaniurm gystem subject o decoherence. From
such ireatment, an analytical expression for a consisbent
measure of the coberence time, emerges, and formally

Faola Verrweoh

ghiows how, and why, decoberence depends on the number
of dynarnical variables of the environment. Based on this
result we propose a stralegy  for  effectively  reduce
dicolierence, and finally implement it in two exemplifying
situations where decoherence must be kept under control.
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Quantum information processing and metrology using
diamond spins

1. Wrachirup
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Abstract

Diamond spins are promising systems for spin-based quantuim information processing. Recent progress includes entanglement
beraeen nams positioned diamomd defects ag well as entanglement storage in nuclear spins, Error correction using a three qubit
majperity vote algorithm has been shown as well as quantum chemical simulations using a single electron and nuclear spin.
Driarmond defect cemters are also knowin to be excellent probes for magnetic and electric ficlds as well as parameters like pressune
and temperatmire. Their versatility comes from varions quantum centrol techniques which, for example, allow for controlling
quantum states such that they get maximally sensitive to camain quantites like e.g. temperamre while being insensitive to other
parameters like magnetic fields {clock transstions). The talk will describe a novel method, namely using quantum memories and
quantum lack-in technigues, to enhance measurement sensitiviey and specificity. Enhanced capabilities will be demonstrated on
magietic resenance inaging of nn-sized sample volumes.
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Absolute calibration of an EMCCD camera

from the analog to single photon regime

AL Avella, I Ruo Berchera, AL Meda, 1. P. Degiovanni, G. Brida, M. L. Rastello, M. Genovese.
INEIM, Strada delle Cacee 91, 10135 Torno, ITTALY

. Abstract

The development of guantom metmlogy and sensing [ 1-5]
based on quantum opbical stales and, on the other hand, the
project of refimng the photometnie unit, the candela [6], on
single photon counting [7-9] demand for precise calibrabion of
debectors in mesoscopic analog regime. (uantum correlabions
in iwin bezsims offer an opporiunity for reaching this goal, as
discussed in [11-14], 1n unn|-::-g¢' 1o '|:||'.|-::-I.-::-t:|.1|.1r.|linE E':.|:.r¢k-::-'x
method | ]5-2[] and iks |:|L".n:|.-::-'|:|r.r|.|:r.|l_". |l"1—15'|.

Here, we present the absalule calibration of a EMOCT camers
by exploibng quantum correlabions. In [26] we reabized the
firs1 absolute calibmabon of 2 OCD camem by explmbng brght
squeczsd states. In [27] we improved such techniques 1o reach
a lewel of uncertainty switable for demonstrating the validity of
the method for metrmological purpose. Here we genembize the
method for the =ingle photon regime and we apply this
technique 10 a EMOCT working in analogical and single
photon regime.
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Real-time phase monitoring for quasi-optimal coherent-state receiver
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Abstract

[n binary phase-shifted-keyed (BPSK)  communication
schemes information is encoded in coherent states with
oppodite phases. A standard and optimal  scheme usually
employed is the Kemnedy receiver, where the discrimination of
the two inpul coherent siates, interfering al a beam splitier
with a local oscillator (1O, is parformed by means of onfoft
detectors. Setting the relative phase bebween the input signals
and the L0 is s crocial task For this diserimination: protoeol,
where 8 minimal emor probability is desimble. Moneowver, 4
common souree of errors anses from phase noise which
alfects the input coberant state preparation and the subsequent
COMmInunicaton protocl.

[ this ramework we propose 8 method to monitor in real -
tire the relative phase between the mpot signals and the 1.0,
hased on Bayesian sirategies enhanced by the employment of
phcion number resolving (PNR) detectors [1). [n particolar we
showy, both theoretically and experimentally, how o optimally
extmct information about the phase mreference by processing
the same dats w=ad to discriminate, shot by shod, bebween the
signals. We demonstrate that it s possible o achieve the
minimum uncertainky of the estimated phase pammeter, given
by the inverse of the Fisher informatiom associated with the
statistics of few thousands of the M eollected data.

[n this work we thorowghly investigate, with  hodh
numerical analyzis and tests on experimental  data, the
perormances of our method with respect 1o cther appeoaches,
like the inversion of the Fano factor of the outpot photon

number statistics. Furthermore, we include an ad-hoe model of
phase nodse, thus demonstrating ther reliability of cur method
in move realistic conditions

e
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Fig. 1. Logarithmic plee of the variance ‘-'ur.if.l. In numerical slmulations,

glven b ihe Bayesian method for DD deteciors (red, dotisd) and PRE
detecions (blue, solidy, and by de method of inversion of e Famo o
{green cashiecls
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The cold atom lattice gauge toolbox: emergent
nuclear physics in Bose mixtures

M. Dalmonte
University of Innsbruck

Abstract

Lartice gauge theories constitute a valuable formalism which has lead o notable progresses on the way towards the understanding
of fumdamental interactions underlying particle physics. However, the computational complexity of dynaimical processes and
finite-density regiines is wsually biaged by the so called sign probleim, which strongly reduces its applicability on classical
machines. [ this talk, we will show how lattice gauge theories can be realised in synthetic systems of ulira-cold atoms in optical
lattices, After a general introduction, we will show how lattice gauge medels which share qualitative features with high density
QD such as the formation of stables baryons, can be engineered inulira cold gases of Bose mixtuees, We will the present a
general phase diagram, which displays regions of binding and chiral symmetry breaking, and show how the maedel can be related
in an exact fashion 1o a class of quantum spin chains.

M. Dalmonte



Non-equilibrium dynamics and thermalisation of
string order in quantum spin-1 chains

Rosario Fazio

Abstract

We investigate the equilibration dynamics of non-local order in g one-dimensiconal quanium system. After initializing a spin-
1 chain in the Haldane phase, the time evolution of siring cormelations following a sudden quench is studied by neans of matrix-
product-state-based algorithms. Themmalization oceurs only for scales vp to 8 horzon which grows at a well defined speed, due to
the Finibe maximal velocity st which siring correlations can propagate, Telaied to a Lich-Robinson bound. The persistence of siring
oedering at finite times is related o the symmetries of the quenched Hamillonian in & non-wrivial way, Our resalls are suitable 1o
experimenial testing in present coldatom setups.

Work done in eollaboration with Leonardo Marra, Davide Rossini, and Manuel Endres.
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Abstract

I will investigate the namre of spontanecus syrometry breaking in comnplex quantim systerns by
comjecturing that the moawximally symomety-breaking ground states are the mnost classical ones
arnong all possible ground statesin an ordered phase. | tnake this argument quantitatively precise by
showing that the ground states that realize the maximum breaking of the Hamiltonian symmetries
are the only ground states that:

1] are always locally convertible, ie can be obtained from all the other ground states by local
operations and classical coramnunications, wehile the reverse is never possible;

) mninimize the ronagamy inequality for bipartite entanglemnent;

] mainimaize quantwm correlations for all pairs of dynamical variables and are the only ground
states for which the pairwise quanturn correlations wvanish asymoptotically with the intra-pair
distance.
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Abstract

We review some aspects of the stochastic formulation of guantum mechanics, in the
Melson approach. In paricular we discuss the interpretation of the Heisenberg postion-

momentum uncertainty principle, as given by de Falco-De Martine-De Siena, and compare
with the usual operator formulation.



Certain aspects of multipartite entanglement

Barbara Kraus

Abstract

Many applications af quantum information vely on muoltipartite entanglement. Thos, the qualification and quantification of
entEnglement is one of the central iopics within quantom information. Doe o the exponantial grosehs of the dimension of the state-
space (85 a function of the number of considered systems), however, many very fundamental questions in this context are sl

unanswerad.
[ this talk, Twill Focus on some aspects of multipartite entang lement. [ will presant & generalization of the notion of maximally

entangled bipartite states o the multipartibe case and will demonstrabe & new approach of quantifving entanglement of few-partite

Fvstems.
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J-dimensional integrated photonic guantum simulation
Paolo Mataloni

Dipartimento di Fisica, Sapienza Universita di Roma,
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Recent technological improvements in realizing integrated waveguide siructures make feasible
complex quantum circuits characterized by an infrinsic phase stability and able in principle 1o solve
critical problems in terms of scalability and reliability. Using the mobility of photons it is possible Lo
create arbitrary interconnections within interferometric arrays fabricaled on single inlegrated
platforms and Io realize complex optical architectures padorming basic guantum logic gates and
algorithms.

Recent experiments, built on complex 3-dimensional inlegrated archilectures wrillen in a glass by
femiosecond laser pulses, able o support bolth polarization and path degrees of freedom of
pholons, has opened o novel advanced applications of these systems in photonic guantum
simulation. The advaniages of implemeanting guantum simulation in integrated photonic circuils
derive mainly from the mobility, as said, and from the high immunity to decoherance of the
pholons. In particular, gquanium walk circuits, enabling pholon propagation over complex circuit
architecturas jumping between different waveguides, have been used to study the role of guanium
symmeatries in parlicle diffusion, thus revealing the different behaviour of bosons and fermions
when propagating through ordered and disordered struclures.

Other kinds of laser-wrillen integrated devices (such as integrated waveplates, enable further
capabiliies for processing of the photon degrees of freedom, and disclose new possible scenarios
even for guanium simulation.

The main results of recent guanium simulation experiments performed in our Laboratory in Romie,
based on these integrated systems, will be presented in this talk.

Paolo Mataloni

Diparimenio di Fisica

Sapienza Universita di Roma

Fe A Moro 2 - 00185 ROMA

tel: +39-06-49913478

fax: +39-06-4463158

email: paclo.mataloni@@uniromat it
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Statistical mechanics of maximally entangled states

Giorgio Parisi (Universita di Roma la Sapienza)

| will present some work done on the statistical mechanics of maximally entangled states.

The aim is to understand which is the maximum wvalue of entanglement that
can be reached in the case of a large system. We are far from having a
complete understanding, but some reasonable conjectures can be done, supported by
analytic computations.



Single- and two-mode quantumness at a beam splitter
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space  disteibutien  [5,6]. The  resulting  notions of
nonclassicality, teemed C- and P-monclassicality, have been
slown 1o e maximally imeguivalent [T], the set of states
satisfying both criteria being of zero measure. Here we
address the generation of both types of two-mode nonclassical
states by the linear mixing of a single-mode Gaussaan state
with a thermal state ai a beam spliner, and explore the
relaticnships berween the nonclassical features of the single-
mode input and the P- and C-nonclassicality of the two-msde
outputs. [ particular,  input  Peclassicality  and  owiput
separability single out two thresholds which coincide only for
the case of linear miximg with the vacuum, wlereas they are
conmected i a non trivial way for linear mixing with a thermal
state  [8]. Im twmn, we intreduce a movel measure of
nonclassicality for single-mode states, tenmed offective mon-
classicality, which quantifies the capacity of creating
entanglement even when miked with a thermal state, and show
that it is a function of the wonclassical depth. We also found
that almost every Peclassical nput  sice  generates O
nonclassicality, e, discerdant ourput  staves, the  only
ewception being provided by the mixing of two identical
Clanssian states, Finally, we analyze in some details the effects
of the beam splitter ransmissivity, amd the relationships
between entanglement and discord penerated in our scheme,
peoviding soame insight on their typical values,
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Quantum typicality
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Abstract

Typicality is becoming an important concept in quantum mechanics. It plays a key role in the
analysis of entanglement and interference. We focus here on the latter. When a Bose-Einstein
condensate is divided into two parts that are subsequently released and overlap, interference fringes
are observed. Such interference is typical, in the sense that most wave functions of the condensate,

randomly sampled out of a suitable ensemble, display interference. We make no hypothesis of
decoherence between the two parts of the condensate.
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. Abstract

Pre=erving information stored in a phy=ical system subjecied
to noise can bz modeled 0 @ communicaticn-theoretic
paradigm, 1in which siorage and meineval cormespond o an
mpul enceding and  output decoding,  mespectively. The
|:r.|-:|.1|:|i.r.|.g. and d-l.'l:\-::dinE are then constructed 1n such a wWay as
Lo probect ugninsl the acticn ol a g.i'.n:n |.'||.1j:3,l quantum channel.
This paper considers the sibuaticon in which the noise 1= not due
to techmological imperfections, bul cather to the physical laws
goverming the evolution of the umverse. In parbicular, we
comsider the dynamics of quanium systems vunder a Roberi=on-
Walker spacetime and [nd that the noase imparted o them s
coquwivalent o the well known amphiude damping channel.
Since one might be interested in preserving both classical and
quanium informmbicn tn such a scenario, we study trade-off
coding strmtegies and determine a region of achievable roies
for the prezervation of both kinds of information. As o
l'lypn::dui:l we also determine a tode-ofl between achievable
rabes of clossical and cuantum tnformation 'pcnl.':l.':rvuli.-::-n when
enlanglement assistance 15 available.
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General dilfusive conditional dynamics

Where we present an alternative dedvation of conditional dynamics deven by genesal-dyne derection.



Gauge theories and Tensor Networks
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Abstract

T dizruzs how o formulate latfice paupe theories in the Tensor
Metwerk language. Tn thie way ene abtams both a consisent
truncatien scheme of the Weput-Susskind lathieoe pauge
theories that can be used m eold atems epetiments [23] and a
Tenzor Metwork variational ansatz for pauge myvariant sfates
that can be uzed m actual numerical computation |14]. The
censtructien is ale applied o the simplest realization of the
quantum link modela/gauge magnets and proides a clear way
te understnd their mcroscepic telation with Toput-Susskind
lathice paupe theories, T alzo infroduce a new zet of gaups
invariant operators  that moedifr  eomfinuously  Rekshar-
Eiwel=nm wawe Functions and can be wsed o zotend the phaze
diagram of kmown medels be an erample we characterize the
trzmsitien betwesn the decomfned phaze oF the Z2 lathice
paupes thearr aznd the Bokshar-Fivelzon point af the T
paupe mapnet in 20 in terms of entanplement entrapy. The
tepolegical enfrepy serres as an erder patameter for the
transitien but not the Schmidt gap.

{Frese nling quthar)

Fig. L IDxx@cion 1: The Phpsical Hiben qaoe of 2 Lo gauge deory &
erbeSded intn e contitery Hilbert space 16 Jow eoergy sactor can be
o beed by 2 Teeanr Wetwork et
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Certified entanglement between distant microwave fields
with opto-electro-mechanical systems

[ ¥itah
School of Scéence and Technology, Physics Division,
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We propoas a protocol able to prepare twao remote and mitially uneorrelated microwase modes in
an entangled stationary state, which is certifiable using only loeal optical homadyne mesuranents.
The pratooal is an extension of contiouons wcable entanglement swapping, and exploibs bao hy-
brid guadripartite oploeeleciro-mechanical systems in which a nanomechanical resonator acts as a
quantum interiace able ta entangle optical and microwave fields. "'he proposed protocol allows to
circumvent the problems assaciabed with the deagility af micrawsye photans with respect to thermal
naize and may represent a fundamental ool for the realization of goantum nefworks connecting
distant solid-state and superconducting qubits, which are typically manipulated with microwave
fields. The cortifying measurements on the aptical modes guaraniees the success of entanglement
swapping withoul the peed of performing explicit measuranents on the diskant microwsse fields.

[1] ¥1. Abdy, 5. Firandala, P, Tombesi, and 1. Vikali, Phys. [3] 2. Barzanjeh, M. Ahdy, G, 00 Milbaen, P Taombesi, and 3.
Rew. Leth., 1O\, 143600 (2012). Vitali, Phys. Reve, Lett., 108, 130503 [2012).

|2] ¥, Abdy, 5. Pirandala, P. Tombesi, and 1, Vitali, Phys. [4] 1. i, [ Tamitesi. and 1. Vitali,
Ree. &, 88 0223481 (2014)]. e 1405, 1 088|quant-ph .



On entropic uncertainty relations
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. Abstract

[Incertanty relations may be considered as a hallmark of
quanium theory. We meview the standard 1927 appoach of
Hesenberg- Kennard, based on the product of vanances of the
probability disiribution in bwo different representabions and
advecale an allernative 1957 nppr\-:ml:h ol Hirschman, followed
i 1957 by Bialynicki-Birula, Mycielski and independently by
Beckner, in which the sum of two entropies characlenzing
bioth distnbutions s investigated.

Entropic wncertainty relations for infimte and o [nile-
dimensional Hilkert space are recalled. Alber reviewang the
1983 bownds of Dewtsch and stronger 198% bounds of Maassen
ard DFfink we discus possibilities 10 improve and generalize
them. Two new bounds for the sum of an atbitrary oumber of
M entropies chamctenzing cubcomes of M measurements of
an M-dimensional siate mken o M arbitrary basis are
Fn:m.'nll.'d.

One of the new bounds s shown 1o be shronger For any
state than the bound obtuned independently by two groups in
2013 wath belp of the majonzation fechmoues. The other
complementary result improves the 2013 bound of Coles and
Piani, stronger than the Masssen-Uffink relabion,  Hesulis
obtained can ke applied for vanouws problems in guantum
mformation theory, including the description of mulbpartite
enlanglement, estimation of mutual information and capacity
of guantum channel=

* Jaint work with Zhigniew Puchala amd Bukase Budnicki
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1 Abstract

Trawslling-wawe paramelnic down-converzicn PTO0 in
bulk nenlinsar cryzlabk pensraks lwin-beam and oqueseed
Zlaler of light Lhal are nalwrally mulli-mede beth in gpeclum

and zpacs {zes Fig. 1.
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In Lhe exlenzively explonsd zinglepholon egime, zweh
fealures hawe besn dezcribed alzt in lerwe of Schmidl mode
decompozilion of Lhe radiation Cield [1-3]. Here we zhow Lhal,
by exinding Lhiz descriplion e Lhe high-gain regime up Lo
pump depklion, il & poezible Lo explain the non-Lrivial
entslulicn of Lhe cohemncs properliss of wery brighl lwin
beame {zes Fig, 2% [4]. Te thiz aim, we wzed an imaging
gpecromeler and an BMOCD camera.

In zpile of Lhe wery diffsrenl inlenzily regimes gpanned by
oul experimenl, Eurther invegligaliong, performed by meang of
pholon-number  rezolving  dekclorz and  zeibble neulral
denzily Fillerz, allowed wr by conclude Lhal the pholon- nember
Zhalizlicz oF the Lwin beamz remaing twlli-resde Lhermal [4].

Merneroer, we demenzirale Lhal, in Lhe  mas reasspic
desmain, Lhe invezligalion in lermz &F Schmidl medes can be
exploiled Lo oplimize Lhe preduclion of ingle- mede oqweesed
vatuum dakes, which can be uzed in quanlum commwnicalion
prolocolz and for quanlum lake snginesring [&].
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1 Abstract

Characlerizalion iz a delicale zhgs or validaling quanlum
reEurces Oplical dekclion e hnigwss ofir precige ooz Bor
thiz L=zb, homedyne being an inlerezling oplicn Eor mwlli-
particle zlaks, Heowssner, Lhe nesd foroa high-flue lecal
cacilllor mighl poge zome problers in Lhe perapeclive of
adepling inlegraled arwelunes,

For Lhiz purpogs, weak-field hemodyne haz besn propooed
and demondraled; in Lhiz caze, Lhe zlrong bkoal cacillaler i
replaced by & feld wheae ingnzily iz corparable Lo Lhal oF Lhe
gignal [1,2]. Further, linear delkclors are replaced wilh pholen-
number rezolving deleclorz Tn Lhiz lalk, we will digcuzz on-
poing progezz in Lhe wze of weak-field homodyne Eor full
gk be: resonElr wilion.

We will prezenl ilz applicalicn tor Lhe obaervalion of cros
mode coherence in a leo-mide squessed zlak and inoa zplil
gingle-pholen mode. Fulere palhs B Zble reconarwe:lion
bazed on either dala pallern fwnclionz o direcl Wignes
Eunclicn reconzlr welion will be illuzlraled.
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A Twa-modls sofarenss,

We invezligaled Lhe signalrer oF Lhe cohenenee belwezn
Focl layers oo roar Lwt-mde enlangled zlales by uZing weak-
field homedyne [3]. Tn our experimenl, we demonzlraled Lhe
sacilblionz of an array of muolliphelen coincidence counls
when a zplil zingle pholken zlale and a Lwo-modes oqwessed
zhale are obaerred Fig. 1.

5 Fulera diresiias

Bl uzing mullipk inenzily zellingz B Lhe local oacillaler, sur
Zelupcan be adepled for Lhe dinesl meaguemenl of Lhe Wigner
Eunclicn [2]. Furlther improsemenl on Lhe reconarw:licn can
be oblained by employing & madimorelikerhood algerilhm
baszed on dala pallern funclions, & recenlly demonaaled B
cemmonplace slrong- feld hemedyne [4].
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Measuring the reservoir spectral density via
photon scattering
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Abstract

Ap envirommental model where an open quantum systemn (O05) s iy dissipative contact witl a
continuons feservodr 18 known to be fully specified by the spectral density (500 function. This s, in
partscular, the key quantity that slsapes the 005 dynamics. We discover a simple method for measuring
the 50 based on one-dimensional single-pledon scatbering from the Q05 [1]. The S0 profile is shown 1o
be a universal simple function of reflectance and transmitance, As swch, it can be straightforsardly
inferred from photon's reflection and transmission specira.
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Abstract

Fasr e past thirly  wears, dquantoms entanglensent has
evolved Erom a merely fumdamental ooncepd 10 a useful
applicable resource fior quantum information sceence (S In
particular, the vse of entangled photans generatsd a1 felscmn
wivelengths allows mplemening QIS prowcols compatible
wilh kmg distanee aperation via opbical fibers.

In msisl of experiments, pars of felecom phatons ariginale
traun the non=linear conversion of optical pulses at = T80 nm
aenerated by solid stale mede-kcked lasers | 1] with repettion
rale Lirnited b B homdreds of MHz. Conversely, ulir-fast
tibrr Lasers with mepetition rales up do a few ens of GHe ane
avatlable in the C-hamd of telecom wavelengths, At the same
e,  high  effeciency  penodically  poled  lithoems mobate
wiveguides (PPLMNw) can be combined o oblam a coascade
non-linear processes. We propose hene o exploit both stabe-of-
he-art telecom laser pechmodeey amsd puided-wave non lmear
aples tor generating felecom entangled plydon at the ulin-
hegh repestition rates: m our scheme, ophcal pulses emiited by
a biber laser with a repetten rabe of 1D GHz are sent o a
FPLMA o bt converted Bronn T30 nm o 770 nm via seoomsd-
harmmanic generation {SHG), amd then vsed 1o pump a seooned
PPLRAw sin &% 16 penerate, via spontiansous parametns dosn
emmversion (SPOC), photon pairs at 1540 nm. Subseguently,
e padred phodons are determinisically separated wusing a
eambination of a wavelength division mulipleser (WA
and a bOber Brage grabng (FBEG) Ol i complementary
atanclard telecom chanmels (TTL 43 and TTU 509

W charsclerteed the qualiy our souree with a condifional
scheme: the detection of phodons in one channel, pedormed by
a supercislucting single phowon detector (S5P0F), able e

hamdle 10 GHe repstibon rate, will herald the presence of

oimplementary photon in the odher arm of the sewup: the
scheme 15 an implementaion of an "heralded single photan
apurce”™ [HEPS) The vse of a 10 GHz pulsed laser associated
with mon=linear gpbics and of stamsdand telecom compaonents
alliwws us ohiaiming high qualiy beralded photonms at an hagh

Firgiriz D Anerdr

rale and with neghigible mult-photon events. More
specibically, i our experiment, single phodons at 15340 nm are
announoed  with an heralding effvciency of =40, Thanks b
the laser hagh repetition rate, we sheerve heralding rate as high
MEz while kesping the mean number of phobon-pairs
penerabed per pump pulse well below D01, This nesult i
comfermwed by a standard Hanbury Brown angd Twass (HET)
measurement whsr cerieties the high quality of our single
phidoms modenms of the subecorrelation function g™, namely
iof the Chow ) probability of wnwanbed mulb-paics events against
single-plkvon pair anes.

These pertormances ane crucial meredients demanded for bodh
st and secure guanium communicabion prolocels aml make
pur source a promising  candedate Bw duture quantum
netwdcking  applicabons. To oonclude we stress that the
imiplemsnied conbiguratiin 15 highly suitable e lng distance
endangbement feleportation | 2], where a comman bebecom Laser
erdting aoptical pulses at D55 nm ocan be disinbobed o0 b
remisle  locations and Wcally used 0 generate via SPIMC
phison-pairs with hagh timuing accuracy. In this framework.
hagh repetition mbe felecom lasers act as a ool e Gehimg the
lorw success rates of the quantum protocels due o prababilstic
phision pair generation via SPINC process i soiable nan-
linesar crwstals, So Ear, promising resulls have been obstained,
pruging the quality «f vur approach. Mext sbep is o pertonm a
twe-plsoban mierdirence experiment with Gz repetiiion rtes.
This should demsustrate the effectivensis of aur high=speed
phislon  pair seurces  bor practical guaniom welepactation
operaticm.
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. Abstract

Altheweh & quantum wergion of Lhe clamzical ergedic
heorem haz besn pul Erward alresdy by won Mewmann in
1824 [1]. & genesal wndeszlanding oF quanlur erpodicily hes
nel el besn athieved [2]. Recznly, il haz besn propeded Lhal
a peneral framework for quanium efpedicily cowld be given by
the: concepl of many-tody kocalizalion [3]. Morecwer, zines in
a many-tedy localieed phaze all eigenfunclicng ane localized,
lheze phazz may be inhenenlly rebuzl againzl local erroz and
could b wzeful in the conle Lol quanlum e deriozs [4].
Hewwearer, compansd b zingle-parlicle localizalion, many-tody
kaalizalion zufferz frem an incrazed compledily, raking il
challenging Lo derive Lhe localizalion properlies of a given
grzlem  and  finding  Zwilable, experimenlally  accezable
uan Liliez Bor Lhedr cha ras legizalion.

In Lhiz lallk, we prezenl recenl analylical and numerical
rezullz Bor Lhe many-tody localizalion ofan Tang medsl wilh
variabbke-range inleraclicnz and wilh digrder in the rangverae
field [47. Ae @een in Lhe glalidice of whnelling rezone noes &2
wiell &z renormalizalion-group analyzez [&] and  exacl
dizgmnalizalionz, Lhiz medel enierz & many-bedy leealized
phaze al any non-vanizhing dizorder zlenglh fz2e Fig. 1
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or wll decrds sreegfa WT=00 The dis 12 cakukéed weg o
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PR DO H auks

Furthermoe, we dipcwzzr  how  Lhiz medel can be
implemenked in zlale-of-lhearl rapped-ion experimentz [T,
wilh a zimple prokcol o zlake inilializalion, esslulion, and
read-eul. Tmporlanlly, we idenlify a pensral meagure for
quanlum  ergedicily  Lhal can be  oblained  Lhrowgh
et i men b ||y accezzible, Zingle-particle obaervablez e, Lhe
megnelizalicn). Sur propegal Lhuz provides a zlraigh Lisrward
readmap Lo obaerwe many-body becalizalion phenomena in on-
poing eaperimen Lz,
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Randomized Graph States and their Entanglement
Properties

L. Macchiavello
University of Pavia

Abstract

We introdece a class of mixed multiqubic states, that correspond 1o a randomized version of graph states. Such stabes arse when a
graph state is prepared with noisy o imperfect controlled-Z gates, We study the entanglement features of these states by
investigating both bipartite and genuiise muliipartite entanglement. The results presented are reported in [ 1).
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Abstract

Quanturm phases of matter are characierized by the
comelations of the underlving many-body wavefunction of the
system. Although they are iyplcally captured by a local order
parameter, It has been shown that a broad class of sysiems,
e.g. wopologically ordered ones, possesses a non-local Fform
order. | will begin by showing that such non-local order can he
experimenially oheerved, as reporied in some recent worke on
string order in 10 optical lattices [1, 2].

Afterwards, | will discuss the equilibration dynamics of
sting order In  one-dimensional quanium sysiems,  The
problem s rather iniriguing, as siring order is a non-local
quantity, and cannod be framed into the well-established
piciure of equilibration of local order parameters.,

Afiter initlalizing a spin-1 chain in the Haldane phase, the
tirme evolutlon of non-local correlations following a sudden
quench s siudied by means of matrix-product-state-based
algorithms. It = ohserved that thermalization coours anly for
scales up 1o a horlzon growing at a well deflined speed, due 1o
the finite maximal velocity ai which siing correlations can
propagate, related o a Lieb-Robinson bound (which can also
bie formulated For string order).

The pesisience of string ordering at finlte tmes is non-
trivially related to symmetries of the guenched Hamilionian, &

Leonordo Mazzra

complete classification of when string order persisis w a
Hamiltonian global quench is given; the result = Interestingly
related to the concept of “symmeiry prodected iopological
arder™ [3].

A qualitatively slmilar behavior 15 found for the string
order of the Mot insulating phase in the Bose-Hubhard chain.
This paves the way towards an expermental testing of our
resulis In present cold-atom seiups.

Fimally, it k= discussed how vo extend this work o the study
of the ouwl-of-eguilibriom dynamics of iopological order,
addressing the dynamics of the entanglement spectrim in one-
dimenskonal symmedry protected sysiems.
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Quantm crystals of photons and atoms
Ciovanna Morigi, Saarland University

In this talk T will discuss several examples of selforganization of atoms inside a single-mode
resonator. When a laser trransversally pumps the atom, photon scattering into the resonator depends
on the atoms density distribution within the caviry, and in mum determines the strength of the
mechanical forces of light on the atoms, hence the atomic density. The dynamics is thus nonlinear
and can lead to ordered atomic stroctures when the laser intensity exceeds a threshold determined.,
amongst other, by the rate of cavity losses. 1 will first discuss the dynamics of selforgamzation in
the semiclassical regime, in which the atomic motion is cooled by the photon scattering processes
which pump the cavity. I will then consider the quanum regime, where the atoms are ultracold
bosons. The atoms are confined by an external optical lattice, whose period 15 incommensurate with
the cavity mode wave length, and are driven by a transverse laser, which is resonant with the cavity
mode. While for pointlike atoms photon scattering into the cavity 1s suppressed. for sufficiently
strong lasers quantum fuctuations can suppott the build-up of an ntracavity field, which in mm
amplifies quantum Nuctuations. In this parameter regime the atoms form clusters which are phase
locked, theraby maximizing the intracavity photon number. I will argue that this system constiruies
a novel serting where quantum fluctuations give rise to effects usually associated with disorder.
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in a steering scenario
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Abstract

In this work we study the conditions under which randomness
can he extracted in the so-called steering scenaro [1], le. a
hipartite scenario where the measurementi apparaius of one
party = trusted bud nod the other's. The untrusted party, let us
say Alice, does nol make any assumptions on her devices
which are treated as a “black box™, while the other pary Bob
can perform complete quanium siate iemography on his siate.
In this framework one has 1o ohserve a violation of a steering
imequality In order 1o cerlificate that the state shared by the
partles is entangled, but this s not enowugh o certily
randommness [2]. One natural and Imporant application s in
the context of quaniem ey dlsiribution (D) [3,4] where on
the one hand a device-independent implersentation Is too
demanding due to the high detection efficiencies required o
closs the detection loophaole [5], and on the other hand the
assumptions on which the device-dependent schemes relles are
never exactly fulfilled in praciice.

Simce o assumptlon is made on Alice's devices, they may
he comelated to spme svstems held by an eavesdropper Eve.
Hence, by measuring her system Eve can obtain information
about Alice's outcome. The eavesdropper can then explolt the
inefficiencies of Alice's detectors to fake a wiolatlon of the
steering inequality while having perfect knoowledge of Alice's
outcome, In order io close the detection loophole the
efficiency of Alice's detectors must be higher than a ceriain
threshold. We evaluaie Eve's quessing probabililty Pyees [&],
namely the probability for Eve o comectly guess Alice's
outcome o quantify how random Alice's owtput |s. This is a
useful guantity in QKD since it is related o a lower bound on
the asvmptotle secret key rate [7] in oryplographic protoonls.

The alm of this work 15 o find a lower bound on the
detectbon  efficiency needed to have that Ewe's guessing
probability Powss ks sirictly less than 1. Hence, the critical
detection efficiency mje is such that for every 1= Eve cannot
perfectly predict Alice's outomme.

This problem can b= cast as a see-saw leration of bwio
semidefinlie programmes (SOF) [B]. The first one maximizes
the guessing probability over all possible stralegles avallable

(Elsa Passaro)

to Ewve, given the set of siates ohserved hy the trusted party
Baob. The dual problem of this first SOP also gives the optimal
steering inequality depending on the detection efficiency 1.
The second SDPF minimizes the value of the optimal steering
imequality over AlkCe's measurements.

The result obtained is that the critical detection efficiency
e for having mndomness in Alice’s owlcomes s 102 for every
2-qubit entangled state with 2 measuremenis on Alice’s slde.
Moreowver, we present an atiack that allows Eve’s oulcomes 1o
he perfectly comelated with Alice's ones, therelore leading o a
guessing probability Paees = 1. We prove analytically that this
attack is walid for every dimension of the shared state and for
amy number of projective measuremenis of Allce If and only 1
n= L2
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Interference in a Bose-Einstein condensate 1s typical
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Abstract

When a Bose-Einstein condensate is divided into two parts
that are subsequently eeleased and overlap, interfercnce
fringes are observed. This phenomenon sccurs even for states
in which the relative phase between particles in the tao modes
is indetermined.

We show bere that this interference is typical, in the sense
that most wave functions of o twe-mode Bose system,
randornly sampled owt of a svitable ensemble, display

Froncaveo V. Pepe

interfercnce, Mo hypothesis of decoherence between the two
parts of the condensate is made.
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Characterizing topological orders in
quantum matter
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Abstract

Maller oocurz in waricwz phazez  Lhal ane  wally
characlerized in Ermz of gymmelry breaking. b majer
dizcewreryin Lhe 1880z were Lhe quanlum Hall effectz which
exhibil & new kind of *lopolgical" order. Thiz order
reprezenk a bz of exolic phazEs which cannol be deacrited
by zponbnesus Zymimelry breaking. The bok of aymmelny
breaking order paramelerz maker il difficull Lo characler iz
theze phazez. T Lhiz walk, T will zhew Lhal nemerical
invezligalionz of & many-body wavefunclion can yield a
remarkably complels characlerizalion of differenl Lypes of
bpological orderz, A cenlral Lol iz Lhe grouwnd  zlale
enlanglemenl which encodez many of the ezzenlial bl

Firzl, T will conzider aymmelry prokcled kepological
phazer in cne~dimenzicnal zyzema [1,2,3] We derise non-
kwzal erder paramelers B lime resrzal symmelnn, inverzisn
gymmelr ¥, and a generalized zlring- order for kecal eymmelries
tor which Lhe regular giring-crder parameler cannol be applied.
With Lheze bwnlz, we provide a framewsrk Lhal allows Bor a
complele charaslerzalion of sre-dimenzienal BT phazes
fe.p, Lhe zpin-1 Haldane phazein Fig. 1% and Lheir deeclion in
numerical zitubalion.

Beceond, T will ghoo how charas leriglic properliss of Lhe
kpological excilaliong in Eraclional guanlum Hall zlales can
b exlracled directly from Lhe greoend zlale [45]. We
demonzlrale how e nemerically  calcuble  aeweral
charaslefizing quanliliez. To find Lhe asl of lopokgically
degenerale grownd zllez, we employ Lhe infinile denzily
malriz rencrmalizmlion groop melhod bazed on Lhe malriz-
producl zlale reprezenlalion of FOH zlalez on oan infinile
corlinder. We Lhen zhoo hal Lhe. wiawe. func lien sblained on Lhe
infinile coylinder penmely can be adapled Lo a oz of
arbilrary mcdular parameler & zhown in Fig. |, which allows
wz Lo explicilly calculake the nen-Atelian Berry connsclicn
azzociged wilh e meodular T-lanzformalion zhown  in
Fig. 2.
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Optimal persistent currents for
interacting bosons on a 1D ring with a gauge field
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. Absiract

We glwdy perizienl cuwrenls  fer  inleracling  one-
dimengcnal £ 1T boaong on & Llighl ring rap, Zubjgcled 1o a
rolaling barrier poknlial, which indwsz an arlificial T
pawpe Field (Fig.ly. By ocombining analylical az well az
numerical bechnigues guiled B Lhe differenl egimes of the [T
problem, we zhow hal lhe currenl amplilwds & a non
mnClonous funclion of the inkmclion sienglh and displays a
proneuncsd masimwm in all egimes of barrier heighl fFig. 2

The pregnce of an oplimal regine illuzlale Lhe highly
nen-lrivial combination oF correlaliong, quanlom Elws: lualisng
and barrier effeclz. Cwr resulls demonarale Lhal, in & brge
range. of inleraclion zlenglhs, whwanled impariliss or
imperieclionz en Lhe ring affecl only weakly Lhe zyziem
propers liez. For Lhe applicalion Lo quanlum zale manipulalion,
the regimes of choic: zhowld be eilher sery weak oroweny
arsng inkraclicng whens the reaponze Lo a lecalized exlermal
probe iz zlnenger.

Our prediclionz are eadily amenable o espesimenlal
Ezling wilh quazi-1T wiiraceld alkemic gsses confined in
mezoacopic whitorm and lallics ringz.
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Simulating Lattice Gauge field theories with Tensor
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Abstract

We consider a qubir prepared in an arbitrary initial state and relaxing o a steady state due to the action of a Markovian dissipative
chanmel, We study how optimal control can be used for speeding up or slowing down the relaxation towands the fixed point of the
dymamics, We analytically derive the optimal relaxation times for different quantwm channels in the ideal ansatz of unconstrained
quantum contrel (a magnetic field of infinite srrength), We also analyze the situation in which the control Hamiltonian is bounded
by a finite threshold. If the qubit is initally in a thermal state botter than the environmental bath, quantum control cannol speed wp
it matwral cooling eate. Instead, if the qubit is initially in & thermal state colder tham the bath, i can reach the fixed point of the
dyiarmics in finite time if a strong control field is applied, Finally, i the peesence of unconstrained gquantum control it is pogsible
o keep the evolved state indefinitely and arbitrarily close to special initial states which apre far away frorn the fixed points of the
dymamics,
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Efficient experimental validation of photonic Boson
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. Abstract

Cuantum  compuler  of  large  size promises  the
capability of salving problems which are hard-io-calculate
with clasical compuiers, =uch as faclonng, but s
realization s |:|.1rn:nl|:.r Far with the prosent luchnul-::-”. [Lis
then necossry Lo i.-'_:h.'l.'lli.l.'g.I suilable  intermediate sheps
showing the computabional capabiibes of guanium
mechanics in smaller-size systems. For insimnce, sampling
{even approximately)] the output distmbution of bosons
cvialving wnder the action of an arktary hinear wmiary
irmnsformabion 15 beliewed 10 be hard-to-compute with a
classical approach. This 1s the so-called boson sampling
problem [1-53], and 1= natwrally solved by photons anoa
multi-port linear inberferometer. We report boson-=ampling
cxperimenis [2, &, 7] up ko three-photons evolving in laser-
writlen integrated nierferometers with wp to 13 modes. We
repark ll'n'ui:hphul.-::-n C:I.Flll.'l.'irl.'ll.' nl= which
confirm the quanium mechanical pn:\-'_:lii:li-::-n.". E.i\n:n l'l:.r the
rermanent Formula.

nterference

[m the hard-to-simulate regime, it 1= ot tnsial 1o certfy
the correct operation of the device [#—10]. We discuss the
vahidation [7] of small setz of experimental data aganst the
hypotesis  that they are sampled from a  vniform
distmbuticn, by wsing a recently  proposed  scalable
statistical tost recently proposed %] which explois the
available input information of Boson Sampling. We also
discuss how to discnminabe daim which are obimined from
indistinguishable or distinguishable photons.

the Fvn:m.'nll.'d mulli-phul.-::-n.
experiments  may  represenlt @

versiores ol
inlerference

Larger
muw it
promusing evidence of a hard-le-simulabe scenano, even in
the proesence of noiss, and can And apphication in other

{Bresenting author)
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contexts  such o= quanium simulaticon, cuanium

commumication, quaniuvm  cryptography  and  guantum

ml.'1n::-|-::-E:.r.

References

5. Aaronson ard A, Arkbipoy, in Proceadings of e 28l sl ACH
sy im o Therory ol conygeiling, Soan o, T A press, MNew
ok, 301136200 1y pp. 333342,

A, Crespl, R Osellame. B Ramponl. . 1. Brd, B, F. Galvao, &
smanolo . Vielll, E Balorno, P. Maiakonl, and F. Sclarino, Moiure
Phoionlcs 7, S5 (3013,

AL TUlmann, B. Dokic. R, Hellmmnn, 5. Nolie A S:amefi, and P
Walther, Maire Photormics 7. 540020135,

AL AL Beoome, AL Fedrieel, 5 Robimi-Eeshard, 1. Dove, 5. Aaronson, T.
. Ralph, and A. G White, Sclenee 338, 7% (20135

I. B. Spring, B. I. Meicalr, P O Humplaeys, W 5. Eohhammer, X-M.
Jin &L Barhiod, A 1 M. Thomas-Peter, M. K. Langlond, 10 Kondys, 1.
C. Gates. B. 1 Smith, PG R Smith, and 1 AL Walmsley, Science 339,
U (2013}

M. Spagnalo, O vielll, L. Sssonl, E Malodno, P Saaknl, F
Sciurrinn. 3. ). Brad, E F Gialvan, A Crespl. B Rampond, and R
Osellame. Phys. Rev. Lett. 111, 130503 {2013,

M. Spmrok. O Vielll, 3. Penfvegna D0 L Brod, A Crespl. F
Flaminl. & Cifacominl G. Milan, R, Rampond, Po Mamlonl, R
Cizsllame. B P Galveo, and F. Sclarring, (20045, Mave Phoionles,
advance online publimion DOE10.1038mphoion. 2004135

C. Giogaling & Elesch, [ Aolite. and 1. Esert, “Bosan-smpling In the
lighi of sample camplestiy,” Ariv: | 306 3595 (2013).

E. Aarunson and A Arkhipov, *Bosonsampling is far Irom unlionm”
ArXIvIIZ09. 400 (2013).

I Carvlan, 1. 0. A Melnecke P, Shadboli, 3. 1 Russsll, 15, W, K., T.
Rudalph, & G. Thompson, 1. L. O°Bren, I . F. Maithens, ond A
Lalng, “Cm the experimemal veriflcation of guanm complexity in
lEmear optles ™ ArXiv1311. 22132,



Kitaev chains with long-range pairing
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Abstract

W propose and analyze a generalization of the Kitaev chain for fenmions with long -range p-wave pairing, which decays aith
distance as a power-low with exponent @. Using the integrability of the model, we demonstrace the existence of two tvpes of
gapped regimes, where correlation functions decay exponentially at short range and algebraically at long range (o= 1) or purely
algebrabeally {oe < 1) Most interestingly, along the critical lines, long-range pairing is found to break conformal symmetry for
sufficiently small . This is scoompainied by a violation of the area law for the entanglement entropy in large parts of the phase

diagram in the presenes of a gap. and can be detected via the dynarics of entanglement following a guench. Some of these
features may be relevant for curment experiments with cold atomic ions.
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Elements of Quantum Simulations with Trapped Ions
using MAGIC

C hristof Wunderlich

iversitie Siegen, Maturwissenschaftlich-Technisele Fakultht, Departinent Plyysik, 5T0G8 Siegen, Gennany
christof, wunderlichia uni-sicgen.de

. Abstract

Aroimie bons confined in an electrodynamic trap are well
swited for simulating static and dynamic properties of other
quantum systems [e.g., 1,2,3]. Using a collection of wrapped
ions, individoal guantum system can be accessed and their
internction can be controlled by the experimenter o a high
degree. Here, we report on recent experimental and theoretical
progress using trapped ion spin U maelecules" that exhibit
adjustable spin-spin interactions due to Magetic Gradient
[nduced Coupling (MAGIC) [4,5].

We investigate adiabatic quantum simulations in a linear
Paul tap aking advantage of various types of spin-spin
Hamiltonians [6]. These Hamiltonians with mom-comenuting
interaction terms (e.g. 625, amd o.06:) are generated by
creating  suitable o, coupling  patterns  and  through
Trotterization using resonant drving of qubit ransitons,
These Hamiltomizing can bz vared adiabatically  theseby
realizing the preparation of the grownd states of intercsting
quantuam spin-Hamiltonkans,

Of particular interest in those investigations is the quantum
simulation  of  spin models  that  exhibit  long-distance
entanglement (LDE) in the ground state. LDE is a global
niviclasgical effect that can be monitoeed by the analysis of
only twe spins, namely the emd sping of the chain, [t is
therefore a sufficiently simple, yet rich phenomenon that could
be demonstrated using an ion trap guantum simulator [6].

We have characterized experimentally magnetic gradien
induced coupling (MAGIC) berween spins in strings of o
and three jons amd have wsed this spin-spin coupling o
implement a CHOT gate berwecn won-neighbouring ons 1t
was showin that the spin-spin coupling strength can be adjusted
by wariation of the secular axial trap  frequency [T]
Tailering of these coupling constants is particularly versatile
in ion waps with segivented clectrodes. Here, it is shown how
static potentials applied to iedividual dectrodes of a micro-
structured trap allow for the creation of coupling patberns

{Fresenting author)

switable for ereating spin Hamiltonians exhibiting LDE [6]. A
Trotter expansion serves for generating the relevant spin-spin
interactions in all needed directions and components and shall
be implemented by using sequences of RF pulses. These
sequences can be neade robust against instrumental errors [8].

In addition, we present addeessing of indivedual spins
qubits within a guantum byte (eight qubits) and measure a
crpas-talk associated with the applicaton of single-qubit gates
on the order of 107, breaching an important threshold for
faul-tolesant  quantum  computing  [9]). This is a  key
prevequisite for scalable quantum computing.
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The Casimir effect: present status, theoretical puzzles
and future perspectives.
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Abstract

[ this talk 1 shall present an informeal overview of the Casimir effect. One of the rare manifestations of the quantum at the
macrescopic scale, this phenomenon was predicted in 1948 by the dutch physicist H. Casimir. The Casimuir effect has become the
subject of intense experirnental and theoretical work in the last 15 yvears, as a pesult of important advascements in experimental
techniques which allowed to measure the tiny Casimir force with unprecedented precision, paving the way to exciting

applications in sano-technology.
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Robustness of collective properties to disorder: the case of Buperradiance.
Applications to light harvesting systems
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Open guantum systems are at the center of many research fidds in condenssd matter physics
We will introdues the non Hermitian Hamiltonian approach ba open quantarm systems, showing
that ths approach, o itz simplest form, can be viewesd as an extension of the Fermi Golden Rule
Thi=s appreach allows to fake nto account the effect of the opening beyond the pertarbation limit,
where novel collective eifects can arise. As an example of quantum collective property we consider
here single sxeitation Superradiance. Among the many fascinating aspect= aof these properties, cne
important open question regards their robustness|1, 2| to the effects induced by the preseoce of an
environment. This robustnes might enable io exploit coherent quantum effects to build quantum
denvices dor information technologies and basic energy science. [Indeed, evidence of quantum coherent
effets has been recently found in photosynthetic lght-harsesting systems [3], and in other biolagical
systems, even al room temperature, These Andings raiss many questions: how Nature can preseryve
quantum coberence in macromolecules in a wel and hot environment? what is the functional purposs
of quantum coherence in Natural systems? We will investigate these questions using some realistic
modes of photosynthetic camplexes.
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Universal Optimal Quantum Correlator
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In the descriplion of slechaglic physical processes i B
imporant 1o determine how dyenamical variablez are correlated
wilh each other. Corelation funclionz are compued a2
Productz of tws {or more) dynamical variablkeas {or their
Powers), averaged aver lime, of odel many zilez, or in bolh
wayz. In the zimpkal caae of e average of the prodwct of tws
dynamical wvariableg one wzually spealz of ilwo-poim
correlation funclisng.

In chazical phyezicz, dynamical variablez are realkvalued
funclicng of the st of the gpatem. Tn ol the glats of the
gydem can be fully zpecified, in principle, by giving the
valuss of all iz dpnamical variables (or itz generating 2l of
variabkd), al any inglanl in lime. In clagacal aatistical
mechanicz, themntons, thes i@ ne difficully in defining and
compuling  correlalion  funclionz, however complicated,
between dynamical variablez; ag dynamical wariabbka are all
experitentall y acceagible, 2o are all cormelation funcliznz.

In quanium mechanics, on the contrary, the relation betwesn
gtaler and dynamical warigblez i@ moech mere zublk. In
Farlicular, the noticn of dynamical variablez & replaced By
That of abaer vablez, namely, 2elfFadjoint opeatorz thal c@n or
o nned com tele; thiz i the formal reazen B the edizenos of
“incompalible variablez thal canned ginulanecudy aesume
definite. waluez in any dak. Thiz fealurs arguably liez &l the
origin of all “guantum gpocks” including a prevailing wiew
thal correlation funclionz are typically ilkdefined B oa
quanium mechanical avsiem — if lwe obaerrables do net both
have a definite valus gimulansously, how could one compule
Theaverage of their product then?

Inkerpretlional problema nolwithatanding, one alill can
formally define lwo-poinl quanium corelation funcliong a2
Trl& B, where b deseribes the glate of the gasem and A, B
are any lwo cbErvablka (o, poaaibly, the 2ame cbaervable a
different limes, in which cage we more precizely speak of
aule—corsblion  fwncdieng). Tn ol sweh funclisnz ane
exlenzively wzed ina wide variely of fieldz, 2uch &2 quanium
glalizlical mechanics, quantum hermodynamics, and quanium
fiedd thenry. The gueslicn then natwerally arizes, whether
quanium cormelation funcliong can be given a clear cperational
imerpretation.

In our pregentation {2ee Bel [I] for technical delails) we
congiruct a “black-boa-like approach 1o quanium correlbtion

Nficheara Dl e

funclicnz, working for (bul being independent of) any ite p
and any pair of cbarmablkez Aand E.

~[7°¢"

Pig, 1. The ideal tpo-paint oorme kdor deacrifed a9 a Bubacle-Beoor lafer bed By T
e quaniorn ayters, ioosate p, ia fad oo de Blackbeoor e outpest coraist
of thnd Qoo ayatern g, on which Ddeperede ot cosa o e ot of ofgerdblea
& aod B are parfamaed Tie da calleced are e ecomchiceed By @ prely
clazaica | poed- privoe 2aice,, ceanltiog ek va ke THa p B Hiotics dad By de
Buka - Bezor T ared e ficaal - kaaaical preatproc eaaing, are oede peoedent of p, 5aoed
E. 1o thia apae. e Blac B T aod e procatprcece 2aicg. e woneecaal
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Biral, the quanium ayzlem of inlemal iz fed through a
black-beow, whal we call e “ideal twe-point correlator The
black-tout in turnz produces iws culpul 2edeta, on which the
lwo obasrqablez Aand B can be independently meazured, even
if they were incorpatible. The moorded walwes are finally

proceszed according o a fised pogl-procezzing funclon
guch thal, if the zyalem waz initially prepared in lae o, the
average rezullequalz Trfs pE]

Sinee bedh the -'.E;antum black-tes and the clazzical
poatproceazing are independent of p, A, and B, our acheme
ghowz thal quanium we-poinl corelation funclionz are no lezs
cperational than any other eapecttion value, challkenging the
common understanding explained above and augpesting, althe
game line, new edperimentl procedures 1o direcly meagure
them. We will alzo prove thal our gralegy iz oplimal, for any
gtale pand any obaervablez b and B, in the aznae thal il alwass
minimizez e error propagation dwe 1o the  final
Foakprooeazing of dats. We will finally pregnt a wery zibiple

robabiligtic.  implementation of owr pro | on gubit
Enm-ded in 'I]1-am]:I larization of photong, ]Eaa;iiﬁ with -:I:L[erant
linear quanium oplical technolog sy

Purher technical detailz can be foundin [1].
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From quantum data locking to the quantum enigma machine

Cosmo Lupo, Massachusetts Institute of Technology

Tuly 11, 2014

One major contemporary application of quantum mechanics is within eryptography. In quantum key
distribution, the goal is to distribute secret keys among two legitimate parties, Onee a secret key is shared, it
i= used to encrypt o message on a public channel, where a thind party has negligible probability of successTuol
decryption. A drawback, however, is that the key and the message must have equal length, This yields a
major challenge for quantom key distribution, ie., the distribution of secret keys at bit rates comparable to
standard communication technology.

To explore altemative scenarios, we consider the phenomenon of quantum data locking, According to
this unigue gquantvm phenomenon, g small seeret key can be used to "lock™ an exponentially longer message,
il this message is suitably encoded into o quantum system. This resembles the XX century enigma machine,
acipher that used a short secret key to encrypt a much lomger message. Unlike the classical enigma machine,
our quanium enigma machine” is provably secure. The reason for that is that quantum data locking violates
the famous theorem of Shannon’s, according to which the secure encryption of a message of n classical bits
requires 4 secret key of at least nobits.

Wi answer several questions about the possibility of applying quantum data locking for eryplography.
Ome of them concerns the locking of information through noisy channels. We put the problem of quantum
data locking of quantum channels on g solid theoretical ground. We formally define the locking capacities
of a quantum channel, and prove bounds and results concerning these quantitics.

The power of quantum data locking originates from a large gap existing between two security crileria
[or gquantum eryplography quantificd by two entropic quantities: the Holevo and the accessible information.
Wi gshow that the Latter becomes o sensible security criterion it an upper bound on the coberence time of the
cavesdropper’s quantum memory is known. Uncer this condition we introdoee protocals for key distribution
through a memoryless qudit channel. For channels with enough symmetry, such as the d-dimensional erasure
and depolarizing channels, these protocols allow secret key distribution at an asympiotic rate as high as the
claszical capacity (that is. the rote of classical communication without any privacy requirement) minus oneg
hit.
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Transitionless quantum driving in open quantum
systems
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cquation in the Lindblad Form. We provide the
Abstract gencral framework needed to determine the control
We extend the concept of superadiabatic dynamics, stratcgy n.::.._|mr1:d.1-:- achicve :cupcm:.{mh:mc_ll:,-_. We )
or transitionless quantum driving, to quantum open apply our formalism to two "-'-"'*‘JT”F'If’*' "*'”“5"-“'1'"_5 ol
systems whose cvolution is governcd by a master a tworlevel system coupled to environments with
time-dependent bath operators.
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. Abstract

Cuanturm inforrmation processing reguires efficlent encoding,
rnanipulation and storage of quantum states.

Photons are excel lent carrlers of guartum Information, since
they trawel fast without being affected by external
disturbances. On the other hand, cold stomde ensembles are
a wvery wversatile tool to store, manlpulate and retreve
quantum states of light. In the past decade, they hawe been
extensheely used to store and retrieve photonic states by
using elther the =o called Electromagnetically Induced
Transparency (EIT) protocol, or the DLCE protocol.

In the case of a free-cpace setup [t & possible to make use of
the multimode nature of the storage mediom, and it has
been dermonstrated that the system can be weed as &
quantum memary (In the EIT protocal} for g-bits encoded In
the arbital angular momenturn (OaM) of single photons [1).
The use of this potentlally high-dimensional encoding has
been theoretically proposed In several quantum information
processing protocols [3, 3], More recently It has been shown
that hybrid states encoded In orbital angular momentum and
polarization degree of freedom provide alignment- free
quantum key-distributlon or ultrasensithee measurements [4,
5].

In the case of the DLCZ protocol the detectlon of a Raman
photon triggers the creation of a collective atomic excitation
in & lambda-medium. The shared excitation can be

{Bresenting author)

reconwerted later Into & single photon leaving the ensemble.
The process has been extensively Investigated In the phobon
counting reglme showlng the non-classical character of the
emerging photonlc state [6). Only very recently the phatonic
states leaving the atomic ensemble have been characterized
by guanturm homodyne tomography. The state s hence
completely described Im the continuous varables plcture by
the reconstructed Wigner functlion ghing complete
Information on a well-defined spatlal-temporal mode [7).
Atomic ensembles can be also used for manlpulating
photonic stats by atomle Interactlons and they are promising
candldates to reach strong-monlinearities at the single-photon
lewel. Photonlc states cam be comerted [nto strongly
Interacting particles, like collecthve exctations Involving
Rydberg atoms. Interactions between Rydbergs in fact lead to
a "blockade™ phenomenon, where each Rydberg atorn blacks
the excitation of ks nelghbors, which can result in strong
nonlinearities [8].

References

[1] A Micolss =t al., Mat. Photon, 2, Z34-238 (20143

[2] Ci. Cilhson et al., Cpl. Bxp. 12, S48 (3004).

[3] 5. Groehlacher, et al., ™. 3. Phas 3, 75 (2006).

[4] ¥. D Ambroslo ef al., Mak Comm. 4. 2432 (20145,

[5] W, Ambroslo ef al., Mk Comm. 3, 961 20123

[&] I. Laurai ei al., Opl. Express L4, 6212-0918 (20005

7] E. Bimberd. 1 al. 111}1 Resw. Letd., L2, 133601 (20143
[8]%". Parigl & al. 111}3.. Rew, Loetd. 1D& 2336020201325

; T
: Y !31

.:__:_.... _-_..ﬁ
oS}



A quantum information approach to the black-hole
information paradox
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Abstract

Classically, black holes are compact ohjects with pecfect semi-
permmeable honizons: Anything may enter, nothing may leave.

Chantum black holes are also subject to evaporabion, via a
mechanism which leads to a lees of information [1]. Howewer,
the recent dizcower of the black-hole frewall parados [2,3] has
undermined the basic mechanizm of this mdiabtion process
(pair creaticn inko vacuum). For this reason, here we consider
an axiomatic approach [4] that applie= 1o any black hole type
that can unjL;u'i]:,' evaporale  away oo r|.'||:||.-|.'l|.'|:,I l'l:,' any
mechanism. U:i.n.g. tewals Frevm fquantum information 1].'||:\-::-r_'.r.. W
show thalt a quantum black hole must ether have a leaky
horizon allowang quantum information cut (e.2., via quaniom
tunpelling [505]), or it must look very different from 1=

Hefano Piandola

neighbourhood
consisting of exobic maiter wath super-ordinary  enbropic
conbent (such @ an atmosphens’ of microscopac black holes).
Wark in collaboration with Samuoel L. Braunstein [4].

classical coumlerpart, having an  external
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A quantum gate between a flying optical photon
and a single trapped atom
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Abstract

A lrybrid system of light and matter qubits might allow 1o
scale quantum communication te large distances using
quantum repeaters and to increase the mumber of qubits in
quantum computation. To this end, the development of a
robust bwo-gqubit gate that allows to link distant computational
nodes is a preszing challenge.

We have realized 5I.I-|:|'| a quantum gate between the spin
state of & single trapped “'Rb atom and the polarization state of
an oplical photon contaived in a faint laser pulse [1]. The gate
miechanism is deterministic, robust and expected o be
applicable to almost amy matter qubit. It is baged on reflecting
ihe photonic qubit from & cavity that provides strong light-
matter coupling. We demonstrate the versatility of the gate
mechanism by creating atom-photen, atom-photen-photen,
and photon-pheion enfangled siates from separable input

os

Fig- 1. A quenium gate between the spin of a single aiom amd the
polarizmics of & sisgle phoion is achieved wia reflection of tee light
[y frome an optical resonmior {bdoe) oomtaining @ single abomn (green] in
ther sirong cowpling regime.

Ltephan Ritter

Ome of the applications enabled by this gate mechanism is
ihe nendestructive detection of optical photons [2]. Instead of
being absorbed, impinging light is reflected off the cavity
containing 4 single alom in 4 superpesition of twvo siates. Upon
reflection of a single photon, the phaze of the superposition
state is Mlipped, which allows us to nomdestructively detect the

photon.

This  experimental achievement has fwo  major
consequences: First, it facilitales mezasurerents of
ong amd the same photon, which boosis the photon detection
efficiency. Second, nondestrsctive detection can serve as a
herald that signals the presence of a without affecting
its unmeasured degrees of freedom, like iis temporal shape or
its polarization. This is in stark conirast to abserbing detectors,
wheere the ton and s guantum state are irreversibly lost.
Both implications are of great importance for the rapidly
evolving research fields of quantom measurermsent, quanium
compuiation, gquantum  comununication, and  guantom
netwaorks.

We alsp expect our experiment to break ground for fiorther
Tpllcﬂm including the generation of atomic and photonic
and  detenministic  photonic [1-ziate

MEASUTemenis,
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Extending the Quantum Communications toward the
Space exploiting Satellite Links
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Cuanturn  Communications on planetany scale require
complerentary channels including ground and satellite links
[1-5].

The former have progreseed up to commercial stage wsing
fiber-cablas, whils for satallite links, the abeence of terminals in
orbit has Impaired theirs devaloprment.

Nowadeys, the dermonstretion of the feesibllity of such links

Is crucial for designing spece payloeds and to evenbeally
enable the reallzetion of protocole swch as quanbem-key-

digtribution (GHD) and guenturn telaportation along satedlite-to-
ground or Intersateliite links |4).

In the wark that shell be presanted, the falthful fransmisslon
of qublts from space to ground by exploiting satelite cormer
cube retroreflectors acting as transmitier In orbit, as alredy
exploitad In the fiert single photon exchange [6)] obtainkneg & low
arror rete suitable for QKD |8 detallad. The achemea of the
experiment |s llustrated in the Figure an the dght [7].

Finally, on the basa of the findings, we envisage a teo-way
QKD protocol  exploling  modulsted  retroreflectors.  theat
nacesstates & minimal paylosd on satallite, thas faciitating the
expanslon of Space Gusntur Communications [T).
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Figure: Scheme of the Satelliite OKD demonstration. Cubid
pulses are sant &t 100 Mhz regstition rate and are reflected
back at the eingle photon level from the satelite, thus
mimicking a QKD source on Space. Synchronization ks
parformad by waing the bright SLR pulses at repetition rate of
10 Hz.
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