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Information for Participants of QIPA – 2015 

 
Welcome to the Harish-Chandra Research Institute (HRI). We hope you will enjoy your stay and 
have an exciting time during the conference. You may find the following general information 
useful. 
 
Accommodation: Your stay has been arranged at one of the following places (1) HRI guest house 
“Pratisthanpur”, (2) apartments within the campus, (3) IGM guest house (about 3km from the 
campus), and (4) Hotel Grand Continental (in the city). You can contact HRI guest house reception 
(0532-227-4080, 0532-227-4109, 0532-256-9303) for any help/query regarding accommodation. If 
you are staying outside the campus, we shall arrange transport from your place of accommodation 
to HRI and back. The details of such pick up and drop shall be mentioned separately. 
 
Venue: The venue of the conference will be HRI auditorium which is located in the main building 
inside the campus. 
 
Registration: 7. 12. 2015 from 8.00 AM to 8.45 AM outside the auditorium. 
 
Posters: The contributed posters can be displayed from day one till the end of the workshop at the 
lobby outside the auditorium. 
                        
Food:   Food arrangements are made at the HRI guest house “Pratisthanpur”. The timings are: 

For Breakfast   :   07:00 - 08:30 AM 
For Lunch         :   12.30 - 02:00 PM 
For Dinner        :   07.30 - 09:30 PM  
 
(on Dec 10, there will be a conference banquet which will be from 7.00PM) 
 

Refreshments: Beverages and some snacks are available at the guest house and institute pantry. 
Guest house services are round the clock whereas pantry works from 8.00 AM to 8.00 PM. 
Payment at the guest house and pantry has to be done to the respective staffs.  
 
Internet facility: Wireless is available in the entire main building of the institute, the auditorium, 
the guest house seminar rooms, and the pantry. You can also access the internet on your laptop 
from your respective places of accommodation within the campus via LAN (for which you need to 
have a LAN/patch cord with you). In addition, you can access the internet on desktops in the 
conference computer room, which is on the first floor of the building where the conference is 
taking place. 
 

The network proxy settings for accessing the internet are as follows: 
 
Proxy               Port        Availability 
No proxy                    -               Entire campus 
192.168.3.20    3100      Entire campus 
192.168.3.25    3100      Entire campus 
192.168.3.50    3100      Entire campus 
 
Library facility: You can use the library for references. However, you may not be allowed to borrow 
books. Please enter your name and address in the register kept at the entrance, before entering 



the library. Photo copying facility in library is available only during working hours. The library is 
open during 08.00 AM (day 1) – 02.00 AM (day 2) from Monday to Saturday and during 08.00 AM 
to 6.00 PM on Sundays. 
 
Medical facilities: We hope that you will not be required to avail this facility. However, if needed, 
there is a health centre inside the campus (Extn. No: 4356), with first-aid kits and some basic 
medicines. The pharmacist on duty will assist you on simple problems, and a doctor is there on 
emergency night duty from 10.00 PM (day 1) to 06.00 AM (day 2). An ambulance is also available 
round the clock. A doctor is available for consultation every day for an hour in the afternoon. 
 
Going out: In case you decide to go out of the campus, please remember to carry the schedule of 
the HRI bus service (HRI bus-timings). We recommend you to use the HRI bus service for travelling 
back to the institute, otherwise, you may find returning back to HRI a bit difficult. 
 
Walking around:  You can enjoy a nice view of the Ganga River, inside the campus by taking a short 
walk towards the west boundary wall of the institute. The place is called “Kalidas point”. 
 
Laundry: There is a laundry facility near the main gate (Extn. No: 4450). Timings: around 11.00 AM 
to 8.00 PM. 
 
Other information: Please check the web page (www.hri.res.in) and the notice board near the 
auditorium for additional information. 
 
Contact Persons and their Extensions: 
 
Main Gate                                  4350, 4351(24 hours)/ 0532 256 9578 (from outside HRI campus) 

HRI Guest House (Reception) 4080, 4109, 0532 256 9303 

Arun Kumar Pati   4352 (Office), 4095(Res.),   08756612314 (Mobile) 

Aditi Sen De             4410 (Office), 4177(Res.),   09793637732 (Mobile) 

Ujjwal Sen                4420 (Office), 4177(Res.),   09695518839 (Mobile) 

Amit Kumar Pal  4413 (Office),                     09793048324 (Mobile) 

Debraj Rakshit       4413 (Office),                      09793060247 (Mobile) 

Himadri Shekhar Dhar              4416 (Office),                          09953044668 (Mobile) 

Sudipto Singha Roy                   4440 (Office),                          08601914617 (Mobile) 

Tamoghna Das                           4418 (Office),                          09984496473 (Mobile) 

Archana Tandon     4328 (During office Hrs.) 

Seema Agarwal                          4359 (During office Hrs.) 

 
(If you are calling from outside the campus please dial 227 before the numbers above, and 0532 
227 before the members if calling from outside Allahabad.) 



 

 

 
 
 
 
 
 
 
 
 
 
 
 



 

Recent Developments in Quantum Information Processing by NMR 

 
Anil Kumar 

Department of Physics and NMR Research Centre, Indian Institute of Science, Bangalore, India 
 
After a brief introduction to Quantum Information Processing by NMR, I will present some of our recent 
experimental results in this field. These will include (i) Use of multi-Partite Quantum Correlations for the study of 
Frustrations in a Quantum Ising Spin System, (ii) An NMR simulation of Mirror inversion propagator of an XY spin 
chain. Use of Genetic Algorithm in (iii) Quantum simulation of 3-spin Heisenberg XY Hamiltonian in presence of 
DM interaction- entanglement preservation using initialization operator and (iv) Efficient creation of NOON states 
in NMR. 
 
 

Weak measurements and nonclassical correlations 
 

Anil Shaji 
IISER Thiruvananthapuram, India 

 
We extend the definition of quantum discord as a quantifier of nonclassical correlations in a quantum state to 
the case where weak measurements are performed on subsystem A of a bipartite system AB. The properties of 
weak discord are explored for several families of quantum states. We find that in many cases weak 
measurements on A are sufficient to extract as much information about B, leveraging the classical correlation 
between A and B, as is possible using strong measurements. This means that the extractable classical 
correlations between A and B can be revealed with fixed minimum disturbance on A and on the overall state and 
the difference between quantum discord and the weak quantum discord is very small for several families of 
states.  

 
 

Weak Measurements, Quantum State Collapse and the Born Rule 
 

Apoorva Patel 
Centre for High Energy Physics, Indian Institute of Science, Bangalore, India 

 
Projective measurement is used as a fundamental axiom in quantum mechanics, even though it is discontinuous 
and cannot predict which measured operator eigenstate will be observed in which experimental run. The 
probabilistic Born rule gives it an ensemble interpretation, predicting proportions of various outcomes over many 
experimental runs. Understanding gradual weak measurements requires replacing this scenario with a dynamical 
evolution equation for the collapse of the quantum state in individual experimental runs. We revisit the 
framework to model quantum measurement as a continuous nonlinear stochastic process. It combines attraction 
towards the measured operator eigenstates with white noise, and for a specific ratio of the two reproduces the 
Born rule. We emphasise some striking features this result, which would be important ingredients for obtaining 
an underlying theory. 
 
 

Fine-grained uncertainty relations and quantum steering 
 

Archan S. Majumdar 
S. N. Bose National Centre for Basic Sciences, Kolkata, India 

 
 We discuss certain applications of fine-grained uncertainty relations in quantum steering. We show that it is 
possible to obtain optimal steering relations using fine-graining which reveals steering of states that is not 
possible using other steering relations. A monogamy inequality is derived in order to obtain the lower bound of 
the key rate in one-sided device independent quantum key distribution (1s-DIQKD). We further show that 
application of fine-graining for continuous variable systems enables the exploitation of the larger range of 
uncertainty available for the purpose of higher security in 1s-DIQKD using continuous variable states. 

 



 

Entanglement transitions: from bipartite to many-body localized systems 
 

Arul Lakshminarayan 
Indian Institute of Technology Madras, Chennai, India 

 
Entanglement transitions when interaction is turned on is studied and compared in two different contexts: one 
that of bipartite non-integrable systems where a surprisingly simple theory seems to work, and another where 
there are many qubits and a many-body localized phase turns into an ergodic phase. 
 
 

Multi-Channel Linear Photon Interferometry for Quantum Information Processing 
 

Barry C. Sanders 
University of Calgary, Canada and University of Science and Technology of China, Hefei, China 

 
Quantum information processing is possible via multi-channel linear (passive) interferometry with photon 
number states as some or all of the inputs and photon-coincidence detection at the output ports. The Knill-
Laflamme-Milburn nonlinear sign gate on dual-rail photonic qubits and the Aaronson-Arkhipov Boson Sampling 
scheme are salient examples of linear photonic quantum information processing. Implementations of quantum 
walks also make use of linear photon interferometry. The famous Hong-Ou-Mandel dip presents the heart of 
what makes linear photon interferometry quantum and furthermore serves as an indispensable characterization 
tool for sources and interferometers. Our aim is to advance linear photonic quantum interferometry to serve as a 
precise and accurate tool for optical quantum information processing. To this end we develop and experimentally 
test a theory for accurate and precise characterization of the Hong-Ou-Mandel dip setup, extend this theory for 
accurate and precise characterization of multi-channel interferometry based on photon coincidences, extend the 
Hong-Ou-Mandel dip concept beyond two-channel to multi-channel interferometry, develop theory and 
(classical) algorithms for computing irreducible representations of SU(m) whose elements represent all m-
channel interferometers, and determine the effects of extraneous multi-photon contributions to the desired 
outputs. Our approach allows for non-simultaneous photon arrival times, which removes the typical 
symmetrization assumption in photon interferometry and leads to photon coincidence rates depending on 
immanants of SU(m) matrices or submatrices; immanants generalize the concepts of permanents and 
determinants to allow for partial symmetries. For linear photon interferometry to move beyond the proof-of-
principle stage to solving computational problems, they need to be reliable, accurate and precise within known 
error. Furthermore their performance needs to be benchmarked against the best classical simulation algorithms. 
Our results are enabling the field to advance in this direction. 
 

Is there such a thing as Private Information? 
 

Charles Bennett 
IBM Research Center, New York, USA 

 
Quantum information theory originated in the practical use of quantum laws to keep classical information 
private, but soon grew to encompass the whole classical theory, generalizing it as powerfully as the complex 
numbers generalize the reals.  Conceptually, private classical information sits on a slippery slope between 
quantum information and public information. Indeed decoherence theory suggests that the slope may be so 
slippery that private classical information doesn't exist: once an ebit is measured by Alice and Bob to generate a 
bit of classical key, the news necessarily escapes into the environment, rendering the key no longer private. 

 
 

Experimental quantification of entanglement in low dimensional spin systems 
 

Chiranjib Mitra 
IISER Kolkata, India 

 
 We report the macroscopic entanglement properties of a low dimensional quantum spin system by investigating 
its magnetic properties at low temperatures and high magnetic fields. The temperature and magnetic field 



 

dependence of entanglement from the susceptibility and magnetization data is performed and comparison is 
made with corresponding theoretical estimates. Extraction of entanglement has been made possible through the 
macroscopic witness operator, magnetic susceptibility and heat capacity. The spin systems studied exhibit 
quantum phase transition (QPT) at low temperatures, when the magnetic field is swept through a critical value. 
We show explicitly, using tools used in quantum information processing (QIP), that quantum phase transition 
(QPT) can be captured experimentally using quantum complementary observables. Entanglement properties of 
the same quantum spin systems when investigated by heat capacity measurements also capture the QPT. 
 
 

Do quantum strategies always win? 
 

Colin Benjamin 
National Institute of Science Education and Research, Bhubaneswar, India 

 
In a seminal paper, Meyer [David Meyer, Phys. Rev. Lett. 82, 1052 (1999)] described the advantages of quantum 
game theory by looking at the classical penny flip game. A player using a quantum strategy can win against a 
classical player almost 100\% of the time. Here we make a slight modification to the quantum game, with the 
two players sharing an entangled state to begin with. We then analyze two different scenarios, first in which 
quantum player makes unitary transformations to his qubit while the classical player uses a pure strategy of 
either flipping or not flipping the state of his qubit. In this case the quantum player always wins against the 
classical player. In the second scenario we have the quantum player making similar unitary transformations while 
the classical player makes use of a mixed strategy wherein he either flips or not with some probability "p". We 
show that in the second scenario, 100% win record of a quantum player is drastically reduced and for a particular 
probability "p" the classical player can even win against the quantum player. This is of possible relevance to the 
field of quantum computation as we show that in this quantum game of preserving versus destroying 
entanglement a particular classical algorithm can beat the quantum algorithm. 
 
 

Multipartite quantum (and post-quantum) steering 
 

Daniel Cavalcanti 
ICFO-The Institute of photonic Sciences, Barcelona, Spain 

 
The future of quantum communication relies on quantum networks composed by observers sharing multipartite 
quantum states. The certification of multipartite entanglement will be crucial to the usefulness of these 
networks. In many real situations it is natural to assume that some observers are more trusted than others in the 
sense that they have more knowledge of their measurement apparatuses. In this talk I will discuss the task of 
detecting multipartite entanglement in a scenario where some of the parties are untrusted, i.e. in a situation in 
between the standard entanglement and fully device-independent cases. This leads to a natural generalization of 
the phenomenon of quantum steering to multipartite systems. Finally, I will briefly discuss the fact that post-
quantum steering is meaningful in the tripartite case, but not in the bipartite one. 

 
 

Conversion Witness for OxO invariant States 
 

Debasis Sarkar 
 Department of Applied Mathematics, University of Calcutta, Kolkata, India 

 

 Given two states of a composite quantum system, a primary task in entanglement theory is to determine 
whether one state can be converted to other by using only local operations and classical communications (LOCC). 
Entanglement monotones (e.g., entanglement of formation, negativity, distillable entanglement, relative entropy 
of entanglement, etc.) are state dependent real valued functions. They quantify resourcefulness of a state and 
provide a limited information about which state conversion is possible. But the monotones may fail to determine 
the inter-convertibility and at the same time they may be hard to calculate too. The need of conversion witness 
comes in this situation. The idea of conversion witness was introduced by Gour et al. in connection with resource 
theoretic framework of quantum information theory. The main task in resource theory is to define a set of free 

http://et.al/


 

operations which can be used at will without limit but the other operations are expensive and they can be 
thought of as resource. In quantum resource theory, such free quantum operations can be identified. 
Entanglement resource theory is such an example of resource theory where the free operations are LOCC.  
Conversion witness provides either necessary or sufficient condition for the conversion of states and they are 
useful if they can be computed efficiently. In that case, they can give information about state convertibility 
without even computing the monotones. For bi-partite systems, complete family of monotones are available. 
Conversion witnesses are classified into two groups- go witness and no-go witness. Existence of monotones 
implies the existence of a no-go witness and existence of complete conversion witness depends on the existence 
of complete monotones. Computable no-go witness in two-qudit systems has been obtained and these witness 
provides betterment than negativity which is an useful (computable) monotone in higher dimensional systems. 
We will show an interesting and computable conversion witness which is better than negativity and more general 
than the conversion witness presented in Gour et al. Specifically, we will consider orthogonal invariant class of 
states which cover two important classes of states - Werner and Isotropic. Conversion witness operator is 
obtained for this class. The results cover the work of Gour et.al. A complete characterization of conversion 
witness, in our case, will also be shown. 
 

 
Exploring the interplay between Quantum Entanglement and Quantum Indistinguishability 

 
Dipankar Home 

Bose Institute, Kolkata, India 
 

At the outset, the talk will briefly review our earlier work initiating studies towards the blending of Quantum 
Entanglement (QE) and Quantum Indistinguishability (QI) by invoking QI for formulating an arbitrarily efficient 
generic scheme that can entangle, using any spin-like variable, any two identical bosons/fermions coming from 
independent sources. Subsequently, the talk will discuss our recent work uncovering an earlier unnoticed 
property of QE involving any two identical particles which has been called the ‘Duality in Entanglement’ arising 
from QI that has subsequently been verified in two different experiments for photons (involving the 
manifestation of polarization entanglement when the photons are labelled by different momenta, or, for the 
same source, manifesting momentum entanglement when the photons are labelled by polarization variables). 
Finally, a range of possible implications of the above mentioned property will be discussed, including the 
different ways in which one can introduce distinguishability in terms of suitable dynamical variables in a EPR-
Bohm state and how each of them affects the duality of entanglement, having empirical ramifications. 
 
 

Complete positivity of non-Markovian quantum dynamics 
 

Florian Mintert 
Imperial College, London, UK 

 
We derive a purely algebraic framework for the identification of hierarchy equations of motion that induce 
completely positive dynamics. As we show with a few examples, this permits to verify complete positivity of the 
dynamics induced by microscopically derived equations of motion and to construct well-behaved 
phenomenological models with strongly non-Markovian revivals of quantum coherence. 
 
 

Accessible quantification of multiparticle entanglement 
 

Gerardo Adesso 
The University of Nottingham, UK 

 
We develop analytical results for the computation of a general class of geometric multipartite entanglement 
measures, defined in terms of any convex and contractive distance from the set of fully separable states, with 
respect to a chosen partition. For a class of N-qubit mixed states with maximally mixed marginals, our results are 
exact and provide closed formulas for distance-based entanglement monotones in all possible multipartitions. 
For an arbitrary mixed state of N qubits, our analysis provides an experimentally friendly lower bound to 

http://et.al/


 

distance-based multipartite entanglement monotones evaluation of the bound only requires three local 
measurements for any N. We demonstrate the usefulness of our approach for the estimation of multipartite 
entanglement in N-qubit bound entangled states and other states recently implemented in laboratory with 
quantum optics and trapped ions setups. 
 

Use of concepts of quantum optics in quantum information theory 
 

Hari Prakash 
Physics Department, University of Allahabad, India 

 
 

Effective time-independent analysis for quantum time-periodic systems 
 

Jayendra N Bandyopadhyay 
Department of Physics, BITS - Pilani, Pilani Campus, India 

 
A mapping of potentially chaotic time-dependent quantum systems to an equivalent effective time-independent 
scenario, whereby the system is rendered integrable, will be presented. The time-evolution is factorized into an 
initial kick, followed by an evolution dictated by a time-independent Hamiltonian and a final kick. This method is 
much superior than the existing Cambell-Baker-Hausdorff based method. We discuss this superiority by applying 
the new method to the kicked top model, a very well-studied model of quantum and classical chaos. The density 
of states for the effective system exhibits sharp peak-like features, pointing towards quantum criticality. Our 
results indicate that the derived effective Hamiltonian serves as a replacement for the actual system in the non-
chaotic regime at both the quantum and classical level. 
 

Ion-photon quantum networking tools  
 

Jürgen Eschner 
Quantum Photonics, Saarland University, Germany  

 
We are developing a comprehensive set of experimental tools, based on ion-trap and photonic technologies, that 
enable controlled generation, storage, transmission, and conversion of single photons, thus integrating single 
photons and single atoms into a quantum network. Specifically, we implemented a programmable atom-photon 
quantum interface, employing the controlled quantum interaction of a single trapped 40Ca+ ion and single 
photons [1]. Depending on its mode of operation, the interface serves as a bi-directional atom-photon quantum 
state converter [2,3], as a source of entangled atom-photon states, or as a quantum frequency converter of 
single photons. It can be extended to photon-to-atom entanglement transfer [4]. The interface lends itself 
particularly to integrating ions with SPDC-based single-photon sources or entangled photon-pair sources [5, 6]. 
We also realized single-photon absorption heralded by a telecom photon [5], and quantum frequency conversion 
of ion-resonant single photons into the telecom regime.  
 
[1] M. Schug et al., Phys. Rev. A 90, 023829 (2014). 
[2] P. Müller, J. Eschner, Appl. Phys. B 114, 303 (2014). 
[3] C. Kurz et al., Nat. Commun. 5, 5527 (2014). 
[4] N. Sangouard et al., New J. Phys. 15, 085004 (2013).  
[5] A. Lenhard et al., arXiv:1504.08303.  
[6] J. Brito et al., arXiv: 1508.01029, to appear in Appl. Phys. B.  
 
 

From particle counting to Gaussian tomography 
 

K. R. Parthasarathy 
Indian Statistical Institute Delhi, India 

 
All the n(2n+3) mean and covariance parameters of an n-mode Gaussian states are expressed in terms of the 
expectation values of the same number of conjugates of the total number observable. This permits a complete 



 

tomography of the state. The same is applied to outputs of a Gaussian channel corresponding to selected 
coherent states to perform the complete tomography of the channel. This leads to some interesting problems 
concerning the distribution of the number operator and also tomographic complexity. 
 
 

Maximally entangled states of multipartite systems 
 

Karol Zyczkowski 
         Jagiellonian University, Cracow and Center for Theoretical Physics, Warsaw, Poland 

 
The Bell states are known to be maximally entangled among all two-qubit states. Furthermore, GHZ states 
maximize 3-tangle and some other measures of entanglement for thee-qubit systems, since their one-party 
reductions are maximally mixed. What are the most entangled states for the system consisting of N systems with 
d levels each? On one hand the answer may depend on the entanglement measure used. On the other hand, 
already for four-qubit system there are no states, such that any of its two-party reduction, with respect to any 
possible splitting, is maximally mixed. We show that such states exist for four qutrits and discuss existence of 
such absolutely maximally entangled states in multipartite systems. 
 
 

Full and efficient characterisation of non-Markovian quantum processes 
 

Kavan Modi 
Monash University, Melbourne, Australia 

 
While Markov processes play an important role in physics, a Markov process is almost always an idealisation. In 
reality most processes are (at least slightly) non-Markovian. Yet, since the early days of quantum mechanics it 
has been a challenge to describe non-Markovian processes. Here we will show that using operational tools from 
quantum information theory we can fully characterise any non-Markovian process. In general the full 
characterisation is not efficient, as it requires exponentially large number of experiments. To overcome this 
obstacle we map the full process to a many-body state. We show that this can be achieved by using linear, in the 
number of time steps, amount of bipartite entanglement. Next, the state can be measured to any desired 
precision, thus the process can be characterised to any desired precision. Finally, we define a natural measure for 
the degree of non-Markovianity and show that typical processes are not too non-Markovian. 

 
 

Dynamics of entanglement generation in periodically driven integrable systems 
 

Krishnendu Sengupta 
IACS, Kolkata, India 

 
We study a class of periodically driven $d-$dimensional integrable models with linear dimension $L’$ and show 
that after $n$ drive cycles with frequency $\omega$, states with non-area-law entanglement entropy $S \sim 
L^{\alpha(n,\omega)}$ are generated, where $L$ is the linear dimension of the subsystem, and $d 
\ge\alpha(n,\omega) \ge d-1$. We identify and analyze the crossover phenomenon from an area ($S \sim L^{ d-
1}$ for $d\geq1$ with a possible $\log(L)$ correction in $d=1$) to a volume ($S \sim L^{d}$) law and provide a 
semi-analytic criteria for occurrence of this crossover. We also define an effective Floquet-like Hamiltonian which 
controls the evolution of the system at the end of an integer number of drive periods and show that the nature 
of $S$ can be qualitatively understood from the long/short range nature of this effective Hamiltonian which, in 
turn, is controlled by the degree of irreversible spread of the system wave function in the system Hilbert space 
due to the drive. We show that our results, obtained by exact numerics, approaches those obtained using a 
diagonal (generalized Gibbs) ensemble picture as $n \to \infty$. The different between the two for any finite but 
large $n$ decays as $(\omega/n)^{(d+2)/2}$ for fast drives and as $(\omega/n)^{d/2}$ for slower drives. We 
demonstrates that these two dynamical phases are separated by a {\it topological} transition that depends on 
the nature of the Floquet spectrum and is reflected in the convergence of any local quantity to the diagonal 
ensemble as a function of $n$. We also analyze the eigenvalues of the reduced density matrix $\rho_n$ of the 
subsystem after $n$ drive cycles and provide a distance measure to characterize the proximity of $\rho_n$ to 



 

density matrices that signify area or volume law entanglement. Finally, we study $S(n \to \infty)$, as obtained 
from GGE, as a function of $\omega$ and relate its peaks/dips to the occurrence of additional zeros in the 
diagonal component of $H_{\rm eff}$. We discuss experiments which can test our theory. 
 
 

Complementarity and correlations 
 

Lorenzo Maccone 
University of Pavia, Italy 

 
We provide an interpretation of entanglement based on classical correlations between measurement outcomes 
of complementary properties: states that have correlations beyond a certain threshold are entangled. The 
reverse is not true, however. We also show that, surprisingly, all separable nonclassical states exhibit smaller 
correlations for complementary observables than some strictly classical states. We use mutual information as a 
measure of classical correlations, but we conjecture that the first result holds also for other measures (e.g. the 
Pearson correlation coefficient or the sum of conditional probabilities). 

 
 

Violations of complementarity enable beyond-quantum nonlocality, distinguishability and cloning 
 

Marcos C de Oliveira 
University of Campinas, Brazil 

 
We consider the consequences of hypothetical violations of the principle of complementarity. For two-level 
systems, it is shown that any preparation violating complementarity enables the preparation of a nonsignalling 
box violating Tsirelson’s bound. Moreover, these “superquantum” objects could be used to distinguish a plethora 
of non-orthogonal quantum states and hence enable improved cloning protocols. For higher-dimensional 
systems the main ideas are briefly sketched. 

 
 

Application of majorization theory to Gaussian quantum information 
 

Nicolas J. Cerf 
Free University of Brussels, Belgium 

 
Majorization relations have long been known to be important in quantum information theory. For instance, they 
provide a preorder relation between bipartite pure states that implies the existence of a deterministic LOCC 
transformation between them. They also express a necessary separability condition for bipartite mixed states. In 
this talk, I will review the recent progress on the major role of majorization theory in continuous-variable quant 
um information theory, specifically for Gaussian optical transformations. I will show the existence of fundamental 
majorization relations in optical components, such as beam splitters or parametric down-converters, and will 
discuss their application in analyzing the interconversion between bimodal Gaussian states as well as solving 
entropy conjectures for bosonic Gaussian channels. 
 
 

Entropy power inequalities for qudits 
 

Nilanjana Datta 
University of Cambridge, UK 

 
Shannon’s entropy power inequality (EPI) can be viewed as a statement of concavity of an entropic function of a 
continuous random variable under a scaled addition rule: 

𝑓(√𝑎 𝑋 + √1 − 𝑎 𝑌) ≥ 𝑎𝑓(𝑋) + (1 − 𝑎)𝑓(𝑌),   ∀ 𝑎 ∈ [0,1]. 
Here, X and Y are continuous random variables and the function f is either the differential entropy or, for 
𝑎 = 1 2⁄ , the entropy power. Konig and Smith obtained quantum analogues of these inequalities for continuous-
variable quantum systems, where X and Y are replaced by bosonic fields and the addition rule is the action of a 



 

beamsplitter with transmissivity a on those fields. We similarly establish a class of EPI analogues for d-level 
quantum systems (i.e. qudits). The underlying addition rule for which these inequalities hold is given by a 
quantum channel that depends on the parameter a ∈ [0, 1] and acts like a finite-dimensional analogue of a 
beamsplitter with transmissivity a, converting a two-qudit product state into a single qudit state. We refer to this 
channel as a partial swap channel because of the particular way its output interpolates between the states of the 
two qudits in the input as a is changed from zero to one. We obtain analogues of Shannon’s EPI, not only for the 
von Neumann entropy and the entropy power for the output of such channels, but for a much larger class of 
functions as well. This class includes the Renyi entropies and the subentropy. We also prove a qudit analogue of 
the entropy photon number inequality (EPnI). Finally, for the subclass of partial swap channels for which one of 
the qudit states in the input is fixed, our EPIs and EPnI yield lower bounds on the minimum output entropy and 
upper bounds on the Holevo capacity. This is joint work with Koenraad Audenaert and Maris Ozols. 
 
 

Bell-type Inequalities for Qudits and Qubits 
 

Pankaj Agrawal 
Institute of Physics, Bhubaneswar, India 

 
We study Bell-type inequalities for qudits and qubits. There are a number of proposed Bell inequalities for 
qudits. In the case of qudits, for the CGLMP inequality, there does not appear to be a relation between the 
amount of inequality violation and the entanglement of a state. However, it turns out that Son-Lee-Kim inequali-
ty can be used to measure entanglement of a pure bipartite state. We also discuss the experimental feasibility of 
this measurement. We also consider qubit mixed states and explore hidden nonlocality. 
 
 
 

Quantifying incompatibility beyond entropic uncertainty 
 

Prabha Mandayam 
Indian Institute of Technology Madras, Chennai, India 

 
We study two operational approaches to quantifying incompatibility that depart significantly from the well 
known entropic uncertainty relation (EUR) formalism. Both approaches result in incompatibility measures that 
yield non-zero values even when the pair of incompatible observables commute over a subspace, unlike EURs 
which give a zero lower bound in such cases. Here, we explicitly show how these measures go beyond EURs in 
quantifying incompatibility: For any set of quantum observables, we show that both incompatibility measures 
are bounded from below by the corresponding EURs for the Tsallis (T2) entropy. We explicitly evaluate the 
incompatibility of a pair of qubit observables in both operational scenarios. We also obtain an efficiently 
computable lower bound for the mutually incompatibility of a general set of observables. 
 
 

How to Make Money with Quantum Mechanics 
 

Prasanta K. Panigrahi 
IISER Kolkata, India 

 
The idea of quantum money was the first application of quantum information dated back from early 70s, 
introduced by Wiesner. Quantum money is a cryptographic protocol in which a Bank produces a (set of) quantum 
states, that are unforgeable and whose validity can be verified, and is transferable. Wiesner's Scheme over the 
years have seen several attacks and we propose a simple fix, that not only evades such attacks, but also 
introduces the notion of device independent quantum money. We also propose the idea of a quantum cheque 
scheme, a cryptographic protocol in which any legitimate client of a trusted bank can issue a cheque, that cannot 
be counterfeited or altered in anyway, and can be verified by a bank or any of its branches. The proposed 
quantum cheque can be stored in physical devices equipped with quantum memory as well as be streamed in 
the anticipated quantum internet via quantum channels, possibly without the necessity of quantum memories. 
 



 

Experimenting with entangled photons produced in spontaneous parametric down conversion process 
 

R. P. Singh 
Physical Research Laboratory, Ahmedabad, India 

 
 In spontaneous parametric down conversion (SPDC) process, the collection efficiency of the generated photon 
pairs can be enhanced by adjusting the pump beam characteristics, crystal parameters and proper calibration of 
detectors. Here, we investigate the methods to obtain maximum correlated photon pairs produced in Type I 
SPDC with focused pump beam. We study the effect of pump focusing on the photon collection efficiency of 
signal and idler modes. The correlated photon pair collection efficiency decreases asymptotically with input 
pump beam focusing parameter. The results obtained here are expected to be useful in designing efficient 
entangled photon sources for quantum information applications. 
 

Counterfactual generation of multipartite GHZ states 
 

R. Srikanth 
Poornaprajna Institute of Scientific Research, Bangalore, India 

 
 Counterfactual cryptography employs the (probabilistic) transmission of classical information from sender Alice 
to receiver Bob without the physical travel  of a  particle down the transmission channel.  Here we show how this 
idea can be generalized to the generation of quantum entanglement of the GHZ type between n qubits. The key 
insight is to replace the classical input choices of Alice and Bob with quantum superpositions. 
 
 

From quantum metrological precision bounds to quantum computation speed-up limits 
 

Rafal Demkowicz-Dobrzanski 
University of Warsaw, Poland 

 
A scheme for translating metrological precision bounds into lower bounds on query complexity of quantum 
search algorithms is presented. The link between quadratic performance enhancement in idealized quantum 
metrological and quantum computing schemes is clarified. More importantly, the results from the field of 
quantum metrology on a generic loss of quadratic quantum precision enhancement in the presence of 
decoherence are utilized in order to infer an analogous generic loss of quadratic speedup in oracle based 
quantum computing.  

 
Quantum Error Correction with superconducting circuits 

 
Rajamani Vijayaraghavan 

Tata Institute of Fundamental Research, Mumbai, India 
 

Superconducting circuits have emerged as a leading candidate for quantum information processing (QIP) 
systems. In the past decade, tremendous progress has been made in improving the coherence times, readout 
fidelity and control of superconducting qubits. A crucial challenge for QIP is the implementation of quantum 
error correction (QEC) which allows one to develop a perfect logical qubit from multiple perfect physical qubits. I 
will discuss the progress towards QEC using superconducting circuits and describe some experiments we are 
developing in our group. In particular, I will focus on quantum measurement architectures and the development 
of parametric amplifiers for high fidelity readout of quantum states.  

 
Quantum Anonymous Veto protocol 

 
Ramij Rahaman 

University of Allahabad, India 
 
Anonymous Veto (AV) and Dining cryptographers (DC) are two basic primitives for the cryptographic problems 
that can hide the identity of the sender(s) of classical information. They can be achieved by classical methods 



 

and the security is based on computational hardness or requires pairwise shared private keys. In this regard, we 
present a secure quantum protocol for both DC and AV problems by exploiting the GHZ correlation. We first solve 
a generalized version of the DC problem with the help of multiparty GHZ state. This allow us to provide a secure 
quantum protocol for the AV problem. Security of both the protocols rely on some novel and fundamental 
features of the GHZ correlation known as GHZ paradox. 
 

Coherent vs Incoherent dynamical evolution of an ensemble of atoms 
 

Saikat Ghosh 
Indian Institute of Technology Kanpur, India 

 
In an atomic vapor, atoms driven by coherent optical fields undergo reshuffling of their population in the low-
lying energy states, while the same fields simultaneously driving a significant fraction of them into coherent su-
per-position states. How do such physically differing dynamics (classical and quantum, respectively) compete to 
reach an equilibrium and what is the nature of such an equilibrium? Here we use a stroboscopic probing tech-
nique to study temporally, coherent and in-coherent dynamics in an ensemble of hot atomic vapors. A weak 
probe (of 200 ns pulse-width) is used, in a stroboscopic manner, to probe an effective three level atomic struc-
ture with one excited state coupled to two ground states via a strong control field and the probe. We find that as 
the control field is turned on, there is an initial build up of ground state coherence along with a small population 
in the excited state, resulting in a scenario akin to lasing-without-inversion (LWI). The corresponding rise time of 
transmission, is observed to scale linearly as the inverse of the Rabi frequency, confirming the theoretical expec-
tation of a half-cycle Rabi flop in hot atoms. The peak in transmission is followed by a build of dark state via opti-
cal pumping, the corresponding rate scaling as the square of the Rabi-frequency. An eventual ensemble of atoms 
in dark-states sustain the electro-magnetically induced transparency (EIT) in the steady state. We further study 
the EIT dynamics for closed and open system, experimentally and find striking differences in the time dynamics. 
Numerical simulations along with toy model predictions confirm the experimental observations. These studies 
reveal several insights into a rich and complex dynamics of atomic states in a hot ensemble, that are otherwise 
absent in a close to ideal, ensemble of optically pumped cold atoms.  
 
 

Multiqubit Entangled Channels for Quantum Communication in Networks 
 

Shohini Ghose 
Wilfrid Laurier University, Waterloo, Canada 

 
Multiqubit entangled states are an important resource for networked information processing and 
communication. Here, we explore the use of entangled channels for controlled communication schemes. In 
controlled teleportation (CT), the teleportation can proceed only with the permission and participation of one or 
more controllers. Thus, the role of the controller is of key importance in CT protocols. We present a quantifiable 
measure of the controller’s power in N-qubit controlled teleportation. We apply our measure to evaluate the 
control power in several existing CT schemes. We also discuss the general rules that must be satisfied by 
controlled communication schemes to ensure both fidelity of the communicated state and control power. Our 
measure of control power is simple, practical and applicable to evaluate general controlled communication N-
qubit pure states. Practically feasible schemes for preparing multiqubit entangled states are required in order to 
implement large-scale quantum communication protocols. Our results provide guidelines for developing robust 
teleportation schemes using both maximally entangled states as well as partially entangled channels. 
 
 

A necessary condition for local distinguishability of two-qudit maximally entangled states completely 
characterises that of the generalized Bell states for $d = 4$ 

 
Sibasish Ghosh 

Optics & Quantum Information Group, The Institute of Mathematical Sciences, Chennai, India 
 
The (im)possibility of local distinguishability of orthogonal multipartite quantum states still remains an 
intriguing question. Beyond ${C}^3 \otimes {C}^3$, the problem remains unsolved even for maximally entangled 



 

states (MES). We develop a very simple necessary condition for the perfect local distinguishability of any set of 
MES in ${C}^d \otimes {C}^d$. This condition places constraints after the first round of measurement of the LOCC 
protocol, and, by doing so, reduces the complexity of the distinguishability problem, particularly for any set of 
$d$ no. of MES. This necessary condition solves the longstanding problem of the existence of $d$ locally 
indistinguishable orthogonal states taken from the set of generalized Bell states in ${C}^d \otimes {C}^d$ by 
showing that for d=4, there indeed exist four locally indistinguishable generalized Bell states. The 
full classification of sets of four generalized Bell states in ${C}^4 \otimes {C}^4$ has been made, and it is 
shown that any four states from such a set are either locally indistinguishable or distinguishable by one-way 
LOCC using only projective measurements. 
 
 

Open Quantum Systems and Quantum Information in Relativistic and Sub-atomic Systems 
 

Subhashish Banerjee 
IIT Jodhpur, India 

 
Quantum information has now acquired the status of a mature science. Over the last decade the ideas of 
quantum information have been tuned towards relativistic systems such as the Unruh effect. Here we will talk 
about the Unruh effect from the perspective of open quantum systems as well as correlated neutral mesons 
which are copiously produced at the high energy frontier experiments, for example, the currently running Large 
Hadron Collider (LHC) at CERN. Further, we will discuss some aspects of neutrino oscillations from the 
prospective of quantum information. 
 
 

Oxide double quantum dot: an answer to the qubit problem? 
 

Sudhakar Yarlagadda 
Saha Institute of Nuclear Physics, Kolkata, India 

 
 One can produce new oxide-based devices by exploiting their tunability, rich physics, and coupling between the 
various degrees of freedom (such as charge, lattice, spin, etc.). We propose that oxide-based double quantum 
dots with only one electron (tunneling between the dots) can be regarded as a qubit with little decoherence; 
these dots can possibly meet future challenges of miniaturization. The logical qubit is formed from the two 
possible electron occupation states with |0⟩

𝑄 ≡ |01⟩ and |1⟩
𝑄 ≡ |10⟩. The advantages of an oxide double-

quantum-dot system are as follows: (a) as in semiconductor double quantum dots, here too fast electrical control 
of the exchange interaction is possible; (b) compared to semiconductors, the extent of the electronic wave 
function in oxides (which is about a lattice constant) is much smaller and thus the size of the oxide quantum dot 
can be much smaller, leading to them being much better suited for miniaturization; and (c) the decoherence due 
to optical phonons (the main source of noise) in oxide dots is significantly smaller than the decoherence due to 
nuclear spins in semiconductor dots. The dot with the 𝑒𝑔 electron can be treated as an up spin while the dot 

without the 𝑒𝑔 electron can be regarded as a down spin. The tunneling of the 𝑒𝑔 electron between the dots and 

the attraction between the electron and the hole on adjacent dots can be modeled as an anisotropic Heisenberg 
interaction between two spins with the total z component of the spins being zero. We study two anisotropically 
interacting spins coupled to optical phonons; we restrict our analysis to the regime of strong coupling to the 
environment, to the antiadiabatic region, and to the subspace with zero value for 𝑆𝑧𝑇 (the z component of the 
total spin). In the case where each spin is coupled to a different phonon bath, we assume that the system and 
the environment are initially uncorrelated (and form a simply separable state) in the polaronic frame of 
reference. By analyzing the polaron dynamics through a non-Markovian quantum master equation, we find that 
the system manifests a small amount of decoherence that decreases both with increasing nonadiabaticity 𝜔/𝐽⊥ 
and with enhancing strength of coupling g. We also show that, if each site in the lattice has a different potential, 
then coherence is preserved when the potential differences between sites is as far away as possible from any of 
the environmental eigenenergies. 
 
A. Dey & S. Yarlagadda, PRB 89, 064311 (2014); A. Dey, M. Q. Lone, & S. Yarlagadda, Phys. Rev. B 92, 094302 
(2015). 
 



 

Separability Criteria for Symmetric N-qubit Mixed States using Multi-Axial Representation of Density Matrix 
 

Swarnamala Sirsi 
Yuvaraja’s college, University of Mysore, India 

 
The separability problem in quantum information theory is considered to be a difficult problem as it is shown to 
be NP-hard. Peres-Horodecki separability criterion is a necessary and sufficient condition for pure as well as 
mixed states in 2x2 and 2x3 dimensions only. For higher dimensions, the problem becomes intractable specially 
for mixed states. However, if one considers a class of permutationally symmetric N-qubit pure states, Majorana 
representation (MR) allows for visualization of such states as a constellation of N points on the surface of a Bloch 
sphere. This has been successfully used in entanglement classification of N-qubit pure symmetric states. A long 
standing problem was the construction of Majorana like geometric representation for mixed symmetric states. 
This was overcome [Ramachandran G and Ravishankar V, J. Phys. G: Nucl. Phys. 12 (1986)] by employing the 
spherical tensor parametrization of spin density matrix and the ensuing representation was called Multi Axial 
Representation (MAR). Using MAR, it has already been shown [Sakineh Ashourisheikhi and Swarnamala Sirsi, 
IJQI, 11, 8 (2013) 1350072] that a pure symmetric N-qubit separable state is characterized by N(N+1)/2 collinear 
axes and N real scalars. Further, the necessary and sufficient condition for symmetric N-qubit pure state to be 
separable has also been obtained in terms of local unitary invariants. In this paper, we extend the same 
procedure for N-qubit mixed symmetric states and examine the necessary and sufficient condition for 
separability. 

 
Wave-Particle Duality for Multi-slit Interference 

 
Tabish Qureshi 

Centre for Theoretical Physics, Jamia Millia Islamia, New Delhi, India 
 
The issue of wave-particle duality is reviewed, and some long standing issues discussed. A new definition of path-
distinguishability is introduced, based on Unambiguous Quantum State Discrimination (UQSD). Based on this, 
new duality relations for 3-slit and 2-slit interference are derived. It is proposed that in a multi-path interference 
experiments, the wave nature be characterized by a normalized "coherence". A universal wave-particle duality 
relation is derived in terms of this coherence and path distinguishability. This new relation reduces to known 
results for 2- and 3-slit cases.  
 
 

Quantum computers - Is the future here? 
 

Tal Mor 
Computer Science Department, Technion, Haifa, Israel 

 
 About thirty years ago Feynman and Deutsch came up with the quantum computer. A decade later Peter Shor 
had shown the incredible power of quantum computers for example, their ability to factorize large numbers, an 
ability whose technological consequences for the world of internet encryption and banking can be devastating. 
In the last four years the Wolf Prize and the Nobel Prize were given to researchers promoting quantum 
computing technologies, and the (only existing) startup has sold "quantum simulators" to Lockheed Martin, as 
well as to Google and NASA. Is the future here? Or will we have to wait for it for a few more decades? The 
answer depends upon whom you ask. In this presentation I will try to clearly present the current situation of this 
eld. I will also present the important notion of semi-quantum computing. 
 
 
Crossover from Quantum to Classical regime: Experiments using an Atom-Optics Quantum Delta-Kicked Rotor 

 
Umakant Rapol 

IISER Pune, India 
 
Quantum delta-kicked rotor, a popular model of quantum chaos, can be realised with a test bed of ultracold 
atoms in a pulsed standing-wave optical field. This atom-optics kicked rotor system (AOKR) has been extensively 



 

used in the past to study the quantum manifestations of chaotic classical dynamics, especially the transition from 
a classical regime to the quantum regime. In this talk, I will present the results of our ongoing experiments on an 
AOKR system using ultracold sample of Rubidium atoms in a 1-D pulsed optical lattice. As it is well known for 
AOKR, when the optical lattice is pulsed with uniform duty cycle, the classical momentum diffusion is suppressed 
in the quantum regime due to dynamical localization and the mean energy saturates with increasing number of 
kicks. In contrast, for the corresponding classical system, the average energy would increase linearly with the 
number of kicks. There have been few experimental studies on the transition from quantum to classical 
behaviour by inducing amplitude-noise in the kicks. In addition, there have also been theoretical studies in 
inducing similar behaviour by incorporating a statistical distribution following a power law in the kicking period. I 
will present some of the results from our ongoing experiments in this direction following certain theoretical 
proposals from other research groups. In addition, I will quickly go through some other AOKR experiments being 
performed in our lab using Bose-Einstein Condensate of Rb atoms in a pulsed 1-D optical lattice. 
 
 

Quantum Hall Effects and Gravity -- A Copernican View 
 

Unnikrishnan C. S. 
Tata Institute of Fundamental Research, Mumbai 

 
Quantum Hall effect is the phenomenon of quantization of the value of Hall resistance in a 2D electron gas 
sample, manifested as robust plateaux in the value of the Hall resistance, at integer values of the filling factor 
(number of carriers per flux quanta). The phenomena is understood as essentially a single particle physical effect 
due to the Landau level quantization. But, the fractional quantum Hall effect (FQHE), discovered soon after, has 
quantization of Hall resistance at fractional filling factors, prominently odd factors. The theoretical description 
invokes multi-particle effects, strong Coulomb interaction, strong correlations, phase transitions etc. and has a 
hierarchical phenomenological structure where the physical effects are iterated in a nested fashion. The QHE is 
very important for fundamental physics as well as applications where 2D multi-electron systems are in use, from 
semiconductor physics to quantum information processing. A unified description of QHE was obtained soon in 
which the FQHE was described as integer QHE of a composite fermions- electrons attaching themselves to an 
even number of flux quanta of a mysterious gauge field. The present theoretical picture is reminiscent of the 
epicycles of the regularities of planetary dynamics, successful, yet mysterious. A Copernican insight on the 
phenomena seems possible, and even necessary, by identifying the real nature of the gauge field providing the 
non-magnetic flux quanta of some unknown field for the electrons, yet enabling them to diminish the real 
magnetic field. The surprising discovery is that the mystery gauge field in QHE is in fact gravity! Essentially, the 
quantum phase of the de Broglie waves are modified not only by the magnetic field, but also by the cosmic 
gravitational field, thereby modifying the canonical momentum in the familiar Bohr-Sommerfeld quantization 
condition. I will discuss the fundamental problem of fractional quantum Hall effect and the role of relativistic 
cosmic gravitational effect in understanding it as a single particle effect similar to the integer quantum Hall 
effect. This is equivalent to a true understanding of the conventional spin-orbit effects, with implications to 
phenomena ranging from atomic spectra to spin-statistics connection and spintronics, and I will sketch some of 
these findings. 
 
 

Surprises regarding the Superposition principle in interference experiments 
 

Urbasi Sinha 
Raman Research Institute, Bangalore, India 

 
In a double slit interference experiment, the wave function at the screen with both slits open is not exactly equal 
to the sum of the wave functions with the slits individually open one at a time. The three scenarios represent 
three different boundary conditions and as such, the superposition principle should not be applicable. However, 
most well-known text books in quantum mechanics implicitly and/or explicitly use this assumption that is only 
approximately true. In this talk, I will discuss recent results [1] in which we have used the Feynman Path Integral 
formalism to quantify contributions from non-classical paths in quantum interference experiments that provide a 
measurable deviation from a naive application of the superposition principle. A direct experimental 
demonstration for the existence of these non-classical paths is difficult to present. We find that contributions 



 

from such paths can be significant and we propose simple three-slit interference experiments [2] to directly 
confirm their existence. I will also describe more recent work [3] in which we have gained an analytical handle on 
the problem. I will end with showing some exciting new results from ongoing experiments in my lab which are 
aimed at testing these theories. 
 
1. R.Sawant, J.Samuel, A.Sinha, S.Sinha, U.Sinha, Phys.Rev.Lett 113, 120406 (2014). 
2. U.Sinha, C.Couteau, T.Jennewein, R.Laflamme, G.Weihs, Science 329, 418 (2010). 
3. A.Sinha, Aravind H.V., U.Sinha, Scientific Reports 5, 10304 (2015). 
 
 

Non-local and temporal steering and joint measurability 
 

Usha Devi A. R. 
Department of Physics, Bangalore University, India. 

 
Quantum description of nature differs fundamentally from that of the classical world because of non-joint 
measurability of observables. The prominent non-commutative feature gets highlighted in terms of uncertainty 
relations, non-locality, contextuality and measurement invasive correlations between time separated 
observables. Joint realities can be assigned only to commuting set of observables, when we confine to projective 
valued measurements. However, in the generalized measurement framework -- formulated in terms of positive-
operator-valued-measures (POVMs) -- the notion of joint measurability is not captured by the commutativity of 
the POVMs, but it requires the existence of a global POVM, which allows post processing of the measurement 
data of compatible (or jointly measurable) sets of POVMs. Dedicated research efforts are centered around 
investigating operationally significant criteria of joint measurability of two or more POVMs and to develop a 
resource theory of measurement incompatibility. In this talk, I give an outline of the notion of compatible POVMs 
in the framework of generalized measurements. I them illustrate the connection between incompatible 
measurements with space-like (non-local) and time-like steering. I also explain how positivity of moment matrix, 
constructed from the pairwise correlation outcomes of joint unsharp measurements of compatible dichotomic 
POVMs leads to a physically acceptable joint probability distribution. The optimal value of the unsharpness 
parameter, below which the moment matrix is positive (and hence, confirms the existence of a joint probability 
distribution for the fuzzy measurement outcomes of POVMs), agrees identically with the compatibility of the 
POVMs only some cases. In other words, compatibility of the POVMs is sufficient, but not necessary to ensure 
positivity of the associated moment matrices. 
 
 

New dimensions of Non-locality in Higher dimensions 
 

V. Ravishankar 
IIT Delhi, India. 

 

 

 

 

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Constrained Quantum Correlations:  A user-friendly computational scheme 
 

Amit Kumar Pal 
Harish-Chandra Research Institute, Allahabad, India 

 
We discuss how the resource required to compute information-theoretic measures of quantum correlation, like 
quantum discord and quantum work deficit, can be reduced by imposing suitable constraints over the complete 
set of local measurements. We show that the computational error caused due to the constraints reduces fast 
with an increase in the size of the restricted set, and discuss how the error 
scales with the size of the set, taking into account a collection of plausible constructions of the constrained set. 
Such an approach allows one to obtain a closed form of the correlation measure, with a low error, 
for several classes of states. We demonstrate the utility of this method for several examples including the well-
known two-qubit X-states, physical systems such as quantum spin models, and bound entangled states in higher 
dimensions. We also point out how this technique aids in analyzing phenomena such as dynamics of quantum 
correlations under noisy environments. 
 

Distribution of entanglement via quantum communication 
 

Anindita Banerjee 
Bose Institute, Kolkata, India 

 
The success of quantum information and communication protocols lies in the potential to distribute 
entanglement between distant quantum labs. We have classified the entanglement distribution into direct and 
indirect schemes based on communicated entanglement. We have prescribed an inequality relating the initial, 
final and carrier entanglement and established different cases irrespective of noise in channel. We have provided 
different examples demonstrating the inequality using 5-qubit Absolutely Maximally Entangled state (AME). We 
have demonstrated the impact of entanglement gain to various quantum noises establishing the robustness of 
indirect protocols to noise in the channel (except to entanglement breaking channel). 

 
 

Fermionic analog of a Parametric amplifier 
 

Arnab Ghosh 
Weizmann Institute of Science, Rehovot, Israel 

 
A fermionic analog of the traditional parametric amplifier is used to describe the joint quantum state of the two 
interacting fermionic modes which is a well-defined problem and has direct experimental correspondence in the 
dissociation of a BEC of molecular dimmers. Based on a two-mode generalization, the time evolution of the 
fermionic density operator is determined in terms of its two-mode Wigner and P function. It has been shown 
that the equation of motion of the Wigner function corresponds to a fermionic analog of Liouville’s equation. The 
equilibrium density operator for fermionic fields as developed by Cahill and Glauber thus can be extended to a 
dynamical context to show that the mathematical structures of both the correlation functions and the weight 
factors closely resemble their bosonic counterpart. It is shown that the fermionic correlation functions describing 
the joint quantum state of the two interacting fermionic modes are marked by a characteristic upper bound due 
to Fermi statistics, which can be verified in the matter wave counterpart of photon down-conversion 
experiments. 
 
A. Ghosh, Phys. Rev. A, 91, 013835 (2015).  

 
Time-multiplexed quantum walk based quantum simulators 

 
Aurel Gabris 

Czech Technical University, Prague, Czech Republic 
 
Quantum simulators are advanced quantum systems that can be used to answer challenging questions about 
complex systems. Discrete time quantum walks are a proven and universal model and are regarded as a 



 

promising platform for building quantum simulators, including localization effects, topological phases, energy 
transport in photosynthesis. Inspired by the random walk, the discrete time quantum walk (DTQW) is a particular 
quantum mechanical process consisting of iterative applications of a unitary operator factorising as U=SC. The 
coin operator C modifies the walker's internal coin state and is crucial for the non-trivial quantum dynamics, 
while the shift operator S implements transitions across the links of the graph in dependence of the internal 
state. Quantum walks on percolation structures constitute an attractive platform for studying the open system 
dynamics generated by random media. The percolation quantum walk (PQW) model is defined on a finite set of 
vertices, with each step having a probabilistically chosen edge configuration from all possible configurations. For 
each graph with a certain edge configuration the dynamics is defined in analogy to the DTQW the shift operator 
being modified by assuming reflective boundary conditions at the missing edges. The probabilistic choice of the 
configuration yields an open system dynamics described by a random unitary map (RUM) governing the state of 
the walker during one step. The time-multiplexing technique yields features such as remarkable resource 
efficiency, excellent access to all degrees of freedom throughout the entire time evolution, and stability 
sustained over many consecutive measurements providing sufficient statistical ensembles. In this scheme the 
walker is implemented by an attenuated laser pulse, and its polarization, expressed in the horizontal and vertical 
basis states H and V, is used as the internal coin state. Standard linear elements are used to perform various 
operations on the coin state. Different fibre lengths in the loop setup introduce a well-defined time delay 
between the polarisation components, allowing the mapping of the position states to discrete time bins. To 
attain repeated action, similarly to the 2D quantum walk, we have completed the apparatus with a loop 
geometry that consists of two paths. During the talk I intend to introduce the optical time-multiplexed 
implementation of quantum walks, and present results on recent experimental realizations in the partner group 
of Christine Silberhorn, including percolated quantum walks.  
 

Hierarchical Joint Remote State Preparation 
 

Chitra Shukla 
Graduate School of Information Science, Nagoya University, Japan 

 
A few hierarchical versions of already existing aspects of quantum communication have been reported in the 
recent past. Specifically, hierarchical quantum information splitting (HQIS) [1-3] and hierarchical dynamic 
quantum secret sharing (HDQSS) [4] have been obtained as variants of teleportation. In these protocols, there is 
a hierarchy among the powers of agents to reconstruct a quantum state sent by the sender. Here, we wish to 
propose a hierarchical counterpart of the joint remote state preparation (JRSP) protocol, where two senders 
want to remotely prepare a quantum state. One sender keeps information regarding amplitude while the other 
one has phase information of the state, whereas three receivers have hierarchy among themselves, in their 
powers to reconstruct the state. A five-qubit Cluster state has been used to perform the task here. Subsequently, 
practical importance of the proposed scheme has been discussed with the help of a few examples. Further, 
performance of the proposed scheme of HJRSP is investigated when the channel is subjected to different noise 
models. The work is under preparation. 
 
1. X.-W. Wang, L.-X. Xia, Z.-Y. Wang, D.-Y. Zhang, Opt. Comm. 283 (2010) 1196. 
2. X.-W. Wang, D.-Y. Zhang, S.-Q. Tang, L.-J. Xie, J. Phys. B 44 (2011) 035505. 
3. C. Shukla, A. Pathak, Phys. Lett. A, 377, (2013) 1337. 
4. S. Mishra, C. Shukla, A. Pathak, R. Srikanth, A. Venugopalan, Int. J. Theor. Phys. 54 (2015) 3143. 

 
 

Diverging scaling with converging multisite entanglement in odd and even quantum Heisenberg ladders 
 

Debraj Rakshit 
Harish-Chandra Research Institute, Allahabad, India 

 
 We investigate finite-size scaling of genuine multisite entanglement in the ground state of quantum spin-1/2 
Heisenberg ladders. We obtain the ground states of odd- and even-legged Heisenberg ladder Hamiltonians and 
compute genuine multisite entanglement, the generalized geometric measure (GGM), which shows that for even 
rungs, GGM increases for odd-legged ladder while it decreases for even ones. Interestingly, the ground state 
obtained by short-range dimer coverings, under the resonating valence bond (RVB) ansatz, encapsulates the 



 

qualitative features of GGM for both the ladders. We find that while the GGMs for higher legged odd and even-
ladders converge to a single value in the asymptotic limit of a large number of rungs, the finite-size scaling 
exponents of the same tend to diverge. The scaling exponent of GGM obtained by employing density matrix 
recursion method is therefore a reliable quantity in distinguishing the odd-even dichotomy in Heisenberg 
ladders, even when the corresponding multisite entanglements merge. 
 
S. S. Roy, H. S. Dhar, D. Rakshit, A. Sen(De), U. Sen, arXiv:1505.06083 

 
 

Bounds on secret-key agreement and entanglement distillation for quantum broadcast channels 
 

Kaushik P. Seshadreesan 
Louisiana State University, USA 

 
The squashed entanglement of a quantum channel finds application as an upper bound on the rate at which 
secret key and entanglement can be generated when using the quantum channel a large number of times in 
addition to unlimited classical communication. This quantity has led to an upper bound of $\log((1+\eta)/(1-
\eta))$ on the capacity of an optical communication channel for such a task, where $\eta$ is the average fraction 
of photons that make it from the input to the output of the channel. In this work, we go beyond the single-
sender single-receiver setting and consider a more general scenario involving a quantum broadcast channel 
between a single sender and multiple receivers. We establish constraints on the rates at which secret key and 
entanglement can be generated between any subset of the users of such a channel. We do so by employing 
multipartite generalizations of the squashed entanglement, while along the way developing several new 
properties of these measures. We apply our results to the case of an optical broadcast channel with one sender 
and two receivers, and characterize the rate-loss tradeoffs for such a channel. 
 
Kaushik P. Seshadreesan, Masahiro Takeoka, and Mark M. Wilde, arXiv:1503.08139. 
 
 

Measurement incompatibility and Schrodinger-Einstein-Podolsky-Rosen steering in a class of probabilistic 
theories 

 
Manik Banik 

Indian Statistical Institute, Kolkata, India 
 
Steering is one of the most counter intuitive non-classical features of bipartite quantum system, first noticed by 
Schrodinger at the early days of quantum theory. On the other hand, measurement incompatibility is another 
non-classical feature of quantum theory, initially pointed out by Bohr. Recently, Quintino et al. [Phys. Rev. Lett. 
113, 160402 (2014)] and Uola et al. [Phys. Rev. Lett. 113, 160403 (2014)] have investigated the relation between 
these two distinct nonclassical features. They have shown that a set of measurements is not jointly measurable 
(i.e., incompatible) if and only if they can be used for demonstrating Schrodinger-Einstein-Podolsky-Rosen 
steering. The concept of steering has been generalized for more general abstract tensor product theories rather 
than just Hilbert space quantum mechanics. In this article, we discuss that the notion of measurement 
incompatibility can be extended for general probability theories. Further, we show that the connection between 
steering and measurement incompatibility holds in a border class of tensor product theories rather than just 
quantum theory.  
 
Manik Banik, J. Math. Phys. 56, 052101 (2015) 
 

Exchangeable, stationary and entangled chains of Gaussian states 
 

Ritabrata Sengupta 
Theoretical Statistics and Mathematics Unit, Indian Statistical Institute, Delhi, India 

 
We explore conditions on the covariance matrices of a consistent chain of mean zero finite mode Gaussian states 
in order that the chain may be exchangeable or stationary. For an exchangeable chain our conditions are 



 

necessary and sufficient. Every stationary Gaussian chain admits an asymptotic entropy rate. Whereas an 
exchangeable chain admits a simple expression for its entropy rate, in our examples of stationary chains the 
same admits an integral formula based on the asymptotic eigenvalue distribution for Toeplitz matrices. An 
example of a stationary entangled Gaussian chain is given. 
 
K. R. Parthasarathy and Ritabrata Sengupta, J. Math. Phys. 56, 102203 (2015). 
 

 
Witnessing the multipartite entanglement in an atomic frequency comb 

 
Sandeep K. Goyal 

The Institute for Quantum Science and Technology, University of Calgary, Canada 
 
We present a method to witness multipartite entanglement in an ensemble of rare-earth ions with a comb like 
spectral distribution function, i.e., an atomic frequency comb. The entanglement in this system is due to the 
absorption of a single photon as a collective excitation over all the atoms, where the teeth of the comb are the 
individual parties participating in the entanglement. The entanglement witness presented here is inspired from 
the sharpness of the interference fringe due to a diffraction grating and uses the ratio between the photon echo 
signal and the noise to estimate the entanglement in the system. The form of the witness is independent of the 
number of teeth in the comb, while its value is highly sensitive to dephasing and entanglement depth. 
Furthermore, its macroscopic nature makes it a suitable choice for the experimental demonstration of the 
multipartite entanglement. 
 
 

Efficiency of quantum controlled non-Markovian thermalization 
 

Victor Mukherjee 
Weizmann Institute of Science, Rehovot, Israel 

 
We study optimal control strategies to optimize the relaxation rate towards the fixed point of a quantum system 
in the presence of a non-Markovian (NM) dissipative bath. Contrary to naïve expectations that suggest that 
memory effects might be exploited to improve optimal control effectiveness, NM effects influence the optimal 
strategy in a non trivial way: we present a necessary condition to be satisfied so that the effectiveness of optimal 
control is enhanced by NM subject to suitable unitary controls. For illustration, we specialize our findings for the 
case of the dynamics of single qubit amplitude damping channels. The optimal control strategy presented here 
can be used to implement optimal cooling processes in quantum technologies and may have implications in 
quantum thermodynamics when assessing the efficiency of thermal micro-machines.  

V. Mukherjee, V. Giovannetti, R. Fazio, S. F. Huelga, T. Calarco and S. Montangero, New J. Phys. 17 (2015) 063031 

 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

Measurement of Anomalous Moments of Creation and Annihilation Operators 
 

Ajay Kumar Yadav 
Department, University of Allahabad, India 

  
We propose a scheme for measurements of anomalous moments of creation and annihilation operators 

requiring only one beam splitter, only one photodetector and not many measurements with phase-shift φ in 
homodyning. This has advantageous over scheme of Shchukin and Vogel [Phys. Rev. A 72, 043808 (2005)] which 

requires many photodetectors, many beam splitters and a large number of measurements with phase-shift φ as 

a Fourier transform is calculated integrating over . 
 
Ranjana Prakash, Ajay K. Yadav, arXiv:1401.5320. 
 

Order from disorder 
 

Anindita Bera, Utkarsh Mishra, Debasis Sadhukhan, Sudipto Singha Roy, Debraj Rakshit 
Harish-Chandra Research Institute, Allahabad, India 

 
 Disordered systems form one of the centerstages of studies in many-body physics. Reasons include the fact that 
imperfection and impurities come naturally in several physical systems including ultracold atoms, nitrogen-
vacancy centers in diamonds, solid-state systems, and ion traps, and also sustain rich phases like spin glass and 
Bose glass, and phenomena like Anderson localization and high Tc superconductivity. Disorder can currently also 
be engineered in laboratories in several physical systems. In this work, we report 'order from disorder' 
phenomena for several physical quantities. We first show that the presence of disorder influence spontaneous 
magnetization, critical temperature, and critical scaling of magnetization in both classical and quantum spin 
systems with broken symmetry within a mean field regime. We also observe that disorder may help in enhancing 
quantum correlation length in spin models. Finally, we find that joint presence of disorder in system parameters 
in quantum spin glasses may interfere constructively and enhance multipartite entanglement, although the same 
is absent in bipartite entanglement and magnetization. 
 
A. Bera, D. Rakshit, M. Lewenstein, A. Sen De, U. Sen, J. Wehr, arXiv:1509.00704. 
D. Sadhukhan, S. S. Roy, D. Rakshit, R. Prabhu, A. Sen De, U. Sen, arXiv:1503.04770. 
U. Mishra, D. Rakshit, R. Prabhu, A. Sen De, U. Sen, arXiv:1408.0179. 

 
Optimisation of Quantum Hamiltonian Evolution: Two Projection Operators 

 
Anjani Priyadarsini 

IISc, Bangalore, India 
 
Given a quantum Hamiltonian and its evolution time, the corresponding unitary evolution operator can be 
constructed in many different ways, corresponding to different trajectories between the desired end-points. A 
choice among these trajectories can then be made to obtain the best computational complexity and control over 
errors. It is shown how a construction based on Grover's algorithm scales linearly in time and logarithmically in 
error bound, and is clearly superior to the scheme based on straightforward application of the Lie-Trotter 
formula. The strategy is then extended to simulation of any Hamiltonian that is a linear combination of two 
projection operators. 
 
Apoorva Patel, Anjani Priyadarsini, arXiv: 1503.01755. 
 

Quantum Coherence from Thermodynamical Perspective 
 

Avijit Misra, Uttam Singh, Samyadeb Bhattacharya 
Harish-Chandra Research Institute, Allahabad, India 

 
Recent studies suggest that the quantum coherence lies at the very heart of the diverse phenomena ranging 
from quantum physics, quantum information theory, thermodynamics of nano scale systems to the efficient 



 

functioning of some complex biological systems. This has led to the development of a resource theory of 
coherence based on the incoherent operations as the free operations and the incoherent states as the free 
states. We prove that the minimal amount of noise that is required to decohere a quantum system 
asymptotically, is given by the relative entropy of coherence and hence, provide operational and 
thermodynamical significance to the resource theory of coherence. Additionally, we calculate the energy cost 
for creating maximal coherence by unitary transformations starting from an incoherent state. We also calculate 
how much coherence can be created investing limited energy, by unitary transformations, starting from a 
thermal density matrix. This situation appears naturally when one cannot ignore the thermodynamical laws 
while processing quantum coherence. As an application, exploiting generalized entropies and the maximum 
entropy principle, we establish that even harnessing quantum resources  like coherence and correlation one 
cannot make a quantum heat engine more efficient than the Carnot engine. Moreover, by establishing 
generalized Clausius inequality, we further strengthen the second law of quantum thermodynamics and envisage 
a possible avenue for novel quantum thermodynamic resource theory. 
 
 U. Singh, M. N. Bera, A. Misra, A. K. Pati, arXiv:1506.08186 
 A. Misra, U. Singh, M. N. Bera. A. K. Rajagopal, Phys. Rev. E 92, 042161 (2015) 
 
 

BEC in a double-well potential: Nonclassical effects, NOON states and logic gate operations 
 

B. Sharmila 
Indian Institute of Technology Madras, Chennai, India 

 
Following the experimental realization of a Bose-Einstein condensate (BEC) in 1995[1], both wave packet revivals 
[2] and squeezing [3] have been demonstrated in BECs. The amenability of a BEC to the tuning of the interaction 
between condensate atoms enables its use in testing quantum mechanical principles. A nonlinear, interacting 
two-mode model [4] of a BEC in a doublewell potential exhibits rich dynamics, allowing us to study analytically 
various nonclassical effects such as full and fractional revivals, quadrature and higher-order squeezing, via the 
expectation values of appropriate combinations of observables. The symmetry between the modes (arising from 
a nonlinearity criterion) makes revivals in the system robust. The sub-system von Neumann entropy and linear 
entropy are used to quantify the degree of entanglement. We have identified NOON-like states in the system 
which are expected to be useful for quantum information processing when used along with the quantum gate 
operations proposed in recent studies [5, 6]. While earlier results from the single-mode case [7] are recovered for 
mode-symmetric initial states, new nontrivial results emerge for asymmetric initial states. 
 
[1] K. B. Davis et al., Phys. Rev. Lett. 75, 3969 (1995). 
[2] M. Greiner et al., Nature 419, 51-54 (2002). 
[3] J. Esteve et al., Nature 455, 1216 (2008). 
[4] L. Sanz et al., Ann. Phys. 321, 1206 (2006). 
[5] T. Byrnes et al., Phys. Rev. A 85, 040306 (2012). 
[6] F. S. Luiz et al., arXiv:1503.03841v1 (Mar 2015). 
[7] C. Sudheesh et al., J. Opt. B: Quantum Semiclass. Opt. 7, S728 (2005). 
 

 
Controlled dense coding scheme for different types of three and four particle 

 
Biplab Ghosh 

Vivekananda College for Women, Kolkata, India 
 
We have studied controlled dense coding scheme for different types of three and four particle states. It consists 
of GHZ state, GHZ type states, Maximal Slice state, Four particle GHZ state and W class of states. It is shown that 
GHZ-type states can be used for controlled dense coding in a probabilistic sense. We have shown relations 
among parameter of GHZ type state, concurrence of the shared bipartite state by two parties with respect to 
GHZ type and Charlie's measurement angle $\theta$. We have seen that tripartite W state and quadripartite W 
state cannot be used in controlled dense coding whereas $\vert W_{n}\rangle_{ABC}$ states can be used 
probabilistically. Finally, we have investigated controlled dense coding scheme for tripartite qutrit states where 



 

we have introduced two 9x9 unitary Braid matrices to send 2 classical bits of information from Alice to Bob 
controlled by third party Charlie. So we can infer that the tripartite qutrit state of GHZ form is an optimal state 
that achieve the desired task of controlled dense coding. It would be quite interesting to make a quantitative 
study of this above scheme with GHZ states in arbitrary dimension and for maximally and non - maximally 
entangled mixed states which is very important from quantum information theoretic perspective. 
 
Sovik Roy, Biplab Ghosh, Int. J. Quantum Inf.  13, 1550033 (2015). 
 

Quantum coherence, steering, and measurement- disturbance 
 

Debasis Mondal, Chiranjib Mukhopadhyay, Namrata Shukla 
Harish-Chandra Research Institute, Allahabad, India 

 
A quantum state loses its coherence under measurement.  The process of measurement introduces error and 
disturbance for incompatible observables. For entangled particles, measurement on one particle can 
change the coherence of the other particle. We formulate steering inequalities to check whether one subsystem 
has control over the coherence of the other entangled subsystem. The interplay between steering and quantum 
coherence is studied in a scenario, where two atoms move through an external massless scalar field. We show 
that just like entanglement, the steering induced coherence of the equilibrium state may increase or decrease 
with acceleration depending on the initial condition of the state. We also investigate the condition for coherence 
steerability - as opposed to simple state steerability. Interestingly, we find that the quantum coherence of the 
equilibrium state cannot be steered, even when the steering induced coherence is non-zero. Subsequently, we 
formulate new error disturbance relations, one of which is free from explicit dependence upon intrinsic 
fluctuations of observables. The first error-disturbance relation improves the one provided by the Branciard 
inequality and the Ozawa inequality for some initial states. Other two error disturbance relations provide a 
tighter bound to Ozawa's error disturbance relation. 
 

Quantum state estimation scheme with weak measurements 
 

Debmalya Das 
IISER Mohali, India 

 
In quantum mechanics, measurement works in a very different way as compared to the classical world. The 
result of a quantum measurement is probabilistic and disturbs the initial state of the system. Consequently, one 
cannot, in general, reuse a system for a second measurement. However, if we reduce the coupling between the 
system and the measuring device, it is possible to extract a small amount of information without causing much 
damage to the initial state. Such measurements are called weak measurements and can facilitate state recycling. 
Projective measurements, in an ideal situation, require a large ensemble of states for a good state estimation to 
avoid the problem of “collapse”. However, with limited number of resources, state recycling may become 
essential and it is here that weak measurements may provide the answer. We present our recent work, a scheme 
with weak measurements and state recycling, and test it for the state estimations of Gaussian states. We perform 
the corresponding state estimations with projective measurements, as well, and compare the efficacy of the two 
schemes. We show that with small ensemble sizes, in certain circumstances, our method provides an advantage 
in state estimation over projective measurements. 
 
Debmalya Das, Arvind, Phys. Rev. A 89, 062121, 2014. 
 
 

Light storage based on electromagnetic induced transparency and coherent population oscillation in 
metastable helium 

 
J. Lugani  

Laboratoire Aimé Cotton, CNRS, University of Paris, Saclay, France 
  
Over the last few years, there has been an interest in quantum memories based on cold atoms, doped crystals, 
atomic vapors, etc. In this work, we present our results on quantum storage experiments based on 



 

electromagnetic induced transparency (EIT) and coherent population oscillation (CPO) in metastable helium 
vapors. Both these storage experiments are based on the 23 𝑆1 = 23 𝑃1  transition, and with appropriate 
polarizations of the incident strong coupling field and the weak probe field, we obtain a clean lambda system in 
Helium. We use the same storage sequence for both EIT and CPO, and  demonstrate that while in EIT based 
storage, the incoming electromagnetic field (probe) is mapped on the atomic coherences of the two ground 
states of the lambda system, for the CPO, the incident light is mapped on to the population oscillation between 
the two ground states. As a consequence, the former is dependent on the coherence lifetime, and hence EIT is 
very sensitive to dephasing effects such as magnetic field gradients but CPO is robust to such inhomogeneties 
[1,2]. Further, we also perform homodyne detection with the coupling field as the local oscillator, which in turn 
helps us to study the evolution of the phase of the retrieved signal with respect to the coupling beam. 
Particularly for EIT, we have found that there is an added relative phase between the incident and the retrieved 
pulse and that it increases with optical detuning and evolves with time during the retrieval step. This extra phase 
shift can be accounted due to the dispersive propagation of the pulse in the medium under EIT conditions [3]. 
We believe that the existence of the time dependent phase shift is of particular importance for light storage in 
far detuned regime [4]. 
  
1. M.-A. Maynard, F. Bretenaker, F. Goldfarb, Phys. Rev. A 90, 061801 (2014). 
2. A. J. F. de Almeida, J. Sales, M.-A. Maynard, T. Lauprêtre, F. Bretenaker, D. Felinto, F. Goldfarb, and J. W. R. 
Tabosa, Phys. Rev.  A 90, 043803 (2014). 
3. M.-A. Maynard, R. Bouchez, J. Lugani, F. Bretenaker, F. Goldfarb, E. Brion, Phys. Rev. A 92, 053803 (2015).  
4. K. F. Reim, P. Michelberger, K. C. Lee, J. Nunn, N. K. Langford, I. A. Walmsley, Phys. Rev. Lett. 107, 053603 
(2011). 
 
 

A comparative study of two different approaches of controlled quantum communication 
 

Kishore Thapliyal 
Jaypee Institute of Information Technology, Noida, India 

 
A large number of controlled quantum communication schemes, such as bidirectional controlled state 
teleportation, controlled quantum secure direct communication, controlled quantum dialogue, etc., have been 
proposed and analyzed with multiqubit entangled states. Recently, we have provided a general structure of 
multiqubit quantum states preferable as quantum channels in different controlled quantum communication 
schemes [1]. We have also proposed that the same task can be achieved solely using Bell states and permutation 
of particles (PoP) technique [2]. Here, we wish to compare the two altogether different approaches for controlled 
quantum communication by comparing the general structure of the quantum channels suitable for a particular 
aspect of controlled quantum communication with the corresponding Bell state based protocol. Further, these 
two approaches are also compared on the basis of the feasibility of the experimental realization. 
 
1. K. Thapliyal, A. Verma, and A. Pathak, arXiv:1504.00833 (2015). 
2. K. Thapliyal and A. Pathak, Quant. Info. Process 14, 2599 (2015). 
 
 

Complementarity in multi-beam interference experiments 
 

Mohd. Asad Siddiqui 
Centre for Theoretical Physics, Jamia Millia Islamia, Delhi, India 

 
We analyse the problem of complementarity relation in multi-beam interference experiments. We derive a 
duality relation between fringe visibility and which-way information for three slit interference set up [1]. For 
multi-beam set-up, instead of conventional notion of the wave nature of a quantum system, i.e., the interference 
fringe visibility, we introduce a novel quantifier as the normalized quantum coherence, recently defined in the 
framework of quantum information theory and therefore reached to a generalized wave-particle duality relation 
for multi-path quantum interference phenomena [2]. The particle nature is quantified by the path 
distinguishability or the which-path information based on unambiguous quantum state discrimination. We show 
that, the Bohr complementarity principle, for multi-path quantum interference, can also be stated with a duality 



 

relation between the quantum coherence and the path distinguishability. For two-path interference, the 
quantum coherence is identical to the interference fringe visibility, and the relation reduces to the well-know 
complementarity relation. The new duality relation continues to hold in the case where mixedness is introduced 
due to possible decoherence effects. The generalized wave-particle duality relation is shown to be reducible to 
the duality relation of fringe visibility and which-way information for three slit interference, derived 
independently. 
 
[1] M. A. Siddiqui, T. Qureshi, arXiv:1405.5721. 
[2] M. N. Bera, T. Qureshi, M. A. Siddiqui, A. K. Pati, arXiv:1503.02990. 
 
 

Suppression of ac Stark shift scattering rate due to non-Markovian behavior 
 

Muzaffar Qadir Lone 
University of Kashmir, Srinagar, India 

 
The ac Stark shift in the presence of spontaneous decay is typically considered to induce an effective dephasing 
between the ground states of the atom. We show that under realistic circumstances this dephasing rate may be 
strongly modified due to non-Markovian behavior. The non-Markovian behavior arises due to an effective 
modification of the light-atom coupling in the presence of the ac-Stark-shift laser. An analytical formula for the 
non-Markovian ac-Stark-shift induced dephasing is derived. We obtain that for narrow laser linewidths the 
effective dephasing rate is suppressed by a quality factor of the laser. 
 
M. Q. Lone, T. Byrnes, Phys. Rev. A 92, 011401(R) 2015. 
 

 
Understanding coherence properties of planar and 3D Transmon quantum bits 

 
Madhavi Chand 

Tata Institute of Fundamental Research, Mumbai, India 
 
Quantum bits (qubits) made using superconducting electrical circuits are one of the leading candidates for 
quantum information processing systems. We study the so called Transmon qubits, which are essentially non-
linear oscillators that comprise of a Josephson junction (non-linear inductor) and a shunting capacitor patterned 
on a chip. The qubit is coupled to a microwave cavity (planar or 3D) which not only shields the qubit from the 
environment, but also provides a mechanism for measuring the state of the qubit. In addition to the microwave 
environment, qubit coherence depends on material properties of both metal and substrate, as well as the metal-
substrate interface. Although the best coherence times in superconducting qubits are reported in 3D 
architecture, the potential scalability of the 2D architecture makes the pursuit of coherence in the latter 
extremely important. Unlike large capacitors used in three dimensional architecture, the capacitors used in 2D 
architecture tightly confine EM fields near the surface of the capacitor pads which is expected to enhance the 
surface effects. We will present a systematic study of qubit coherence as a function of the size and separation of 
the capacitor pads. We will also study the effect of the substrate and different fabrication steps on the coherence 
properties.  
 
 

Pancharathnam-Berry phase in entangled systems and violation of Bell inequality 
 

P. Chithrabhanu 
Physical Research Laboratory, Ahmedabad, India 

 
We generate classical Bell like states of polarization and orbital angular momentum (OAM) using a laser beam. 
These are equivalent to the hybrid entangled systems in which two degrees of freedom of a single particle are 
entangled. We consider a cyclic evolution of the polarization state which introduces a relative phase to the 
generated Bell state. This is due to the different geometric phases acquired by two orthogonal polarizations 
under a cyclic evolution. For confirming the entanglement, we verify the Bell’s inequality by projecting the state 



 

to different polarization and OAM states. We observe that the violation of Bell’s inequality depends on the 
relative phase and the choice of our measurement basis. The maximum Bell violation (Bmax) and the 
corresponding measurement angles will vary according to the relative phase if the measurement basis is linear. 
This value can be maximized to 2*sqrt(2) by introducing compensating relative phase in one of the projected 
measurement bases (either in polarization or OAM states). On the other hand, Bmax is independent of the 
relative phase when we measure in the circular basis. Experimental results are in good agreement with the 
theoretical predictions. Our results are also useful in quantifying and compensating the relative phase in the 
entangled states. 
 

Monogamy inequality using squared entanglement of formation and squared negativity in pure and mixed 
states 

 
P. J. Geetha 

Kuvempu University, Shimoga, India 
 
We evaluate the monogamy inequality for symmetric, non-symmetric pure states of importance, in terms of 
squared entanglement of formation [1], squared negativity of partial transpose [2] and compare the 
corresponding tangles. We consider mixed 3-qubit entangled states [3] with zero concurrence and zero 
concurrence-tangle and evaluate their negativity tangle. We show that though concurrence, concurrence tangle 
is zero for these special states, negativity tangle turns out to be non-zero indicating genuine entanglement in 
these states. We also evaluate the negativity tangle for N-qubit entangled mixed states [4] with zero two-qubit 
concurrence and nconcurrence tangle (n=3, 4,...N) and show that it is non-zero quite in accordance with the 
genuine multiparty entanglement in these special states [4]. 
 
[1] Yan-Kui Bai, Yuan-Fei Xu and Z. D. Wang, Phys. Rev. Lett, 113, 100503 (2014). 
[2] Yong-Cheng Ou and Heng Fan, Phys. Rev. A, 75, 062308 (2007) 
[3] R. Lohmayer, A. Osterloh, J. Siewert, and A. Uhlmann, Phys. Rev. Lett. 97, 260502 (2006) 
[4] Y.-K. Bai, M.-Y. Ye, and Z. D. Wang, Phys. Rev. A 78, 062325 (2008). 
 
Simultaneous Hong-Mandel’s higher-order squeezing of both quadrature components in superposition of two 

coherent states 
 

Pankaj Kumar 
V. S. Mehta College of Science, Bharwari, Kaushambi, India 

 
We study simultaneous Hong-Mandel’s higher-order squeezing of the two quadrature components in the most 
general superposition state of two coherent states. We find conditions on parameters for maximum 
simultaneous Hong-Mandel’s higher-order squeezing of both quadrature components and show that maximum 
simultaneous Hong-Mandel’s higher-order squeezing in superposition state of two coherent states occurs for an 
infinite number of combinations of parameters. 
 

Stability of Quantum Error Correction for Weak Measurement 
 

Parveen Kumar 
IISc, Bangalore, India 

 
Interaction between a quantum system and its environment leads to its decoherence. Quantum error correction 
is a way to suppress this decoherence, and protect the desired evolution of the system, by embedding the logical 
quantum state in a larger physical Hilbert space. Unlike projective measurements, weak measurements cannot 
fully eliminate the environmental decoherence, but they can keep the noisy fluctuations bounded within a 
specified tolerance limit. Using a model of weak measurement, with the logical space as its ``fixed point", we 
study the [[4,2,2]] stabilizer code that protects a two qubit system against arbitrary single qubit errors. We derive 
a relation between the measurement coupling and the decoherence magnitude, which needs to be satisfied for 
bounded error evolution, and then demonstrate it using numerical simulations. 
 
A. Patel and P. Kumar, arXiv:1412.1312 (2014) 



 

Quantum reading of digital memory using Squeezed states 
 

Prabhu Tej J. 
Bangalore University, India 

 
The problem of reading a classical digital memory is one of the most practical applications of channel 
discrimination. Here one has to discriminate between two possibilities of the reflected light corresponding to 
two logical bit values: 0 and 1. The two bit values are encoded in the reflectivity of the digital memory (r_0, r_1). 
Using classical sources of light (laser), the probability of error (inferring bit value 0 as 1 and vice versa) can be 
minimized by using a sufficiently bright light (large photon number). However in some applications, light with 
high intensity can actually destroy the memory itself (photodegradable memories). Non-classical sources of light 
such as entangled sources are shown to retrieve more information than classical ones in the low photon number 
regime (~5 photons). In this work we present the performance of single mode squeezed states for quantum 
reading in the low photon regime. 
 

Measurement Induced Nonlocality in Spin Systems 
 

R. Muthuganesan 
National Institute of Technology, Tiruchirapalli, India 

 
Maximal information in composite systems using local projective measurements is captured by quantum 
correlation, which helps to understand the key difference between quantum and classical systems. Recently, 
quantum correlation has been proposed as a resource for information processing task such as cryptography, 
communication process, etc. Measurement Induced Nonlocality (MIN) which is defined based on the projective 
measurement is a good measure of quantum correlation. In this work, the geometric MIN in two qubit 
Heisenberg XXZ spin chain is studied in detail. In particular, influence of the anisotropic parameter and external 
magnetic field on geometric MIN is analyzed. It is shown that both anisotropy and magnetic field can serve as 
efficient controlling parameters for tuning the MIN in the XXZ chain. 
 

Atomic Squeezing by the action of Dicke Operator on an Atomic Coherent State for two-level atoms 
 

Rakesh Kumar 
Department of Physics, Udai Pratap (Autonomous) College, Varanasi, India 

 
In quantum optics, there are several models which play important roles in the study of interaction of a quantized 
field with atoms. One of the well-known models is the Dicke model [1] which describes the interaction of a 
quantized radiation field with a sample of N two-level atoms located within a distance much smaller than the 
wavelength of the radiation. In the present paper, we study the generation of atomic squeezing [2] using the 
action of Dicke operator on an atomic coherent state [3] for a collection of N two-level atoms in ground states 
considering Dicke model. We investigate the conditions on the various interaction parameters for occurrence of 
spin squeezing. We also discuss the variations of spin squeezing factor with various relevant parameters. 
 
[1] R. H. Dicke, Phys. Rev. 93, 99 (1954). 
[2] H. Prakash and R. Kumar, J. Opt B: Quantum and Semiclass. Opt. 7, S757 (2005); Eur. Phys. J D, 42, 475 (2007); 
A. Sorenson, L. M. Duan, J. I. Cirac and P. Zoller, Nature 409, 63 (2002).C. C. Gerry and A. Benmoussa, Phys. Rev. 
A, 77, 062341 (2008); M. Kitagawa and M. Ueda, Phys. Rev. A 47, 5138 (1993). 
[3] J. M. Redcliffe, J. Phys. A 4, 313 (1971). 
 

 
On the validity of Lorentz non-covariant extensions of quantum mechanics 

 
S. Aravinda 

Poornaprajna Institute of Scientific Research, Bangalore, India 
 
By relaxing free will of observers in the choice of measurement settings, the complementarity between signaling 
and randomness in the resources required to simulate quantum singlet statistics is generalized. We demonstrate 



 

how to convert any protocol for simulating quantum nonlocality into an ontological model of quantum 
mechanics (QM) by embedding the protocol into the Newtonian spacetime by a procedure of 'oblivious 
embedding'. The complementarity of simulation resources then passes over into a complementarity of 
indeterminism and ontological signaling in the extension of QM. According to the complementarity for 
simulation resources, reduction in randomness will lead to signaling. Correspondingly the transplanted 
complementarity entails that predictively superior ontological models of QM must be Lorentz noncovariant. All 
the same, the operational theory reproduced by the extension will be non-signaling and recover Lorentz 
covariance. Turning our attention to a recent debate with proponents for and against the extendability of QM, 
we show that the contra-arguments assume that the causal structure of the spacetime of the extensions to be 
Minkowskian. Our work shows that this assumption is not necessary. 
 
 
 

Characterization of quantum dynamics using quantum error correction 
 

S. Omkar 
IISER Thiruvananthapuram, India 

 
Characterizing noisy quantum processes is important to quantum computation and communication (QCC), since 
quantum systems are generally open. To date, all methods of characterization of quantum dynamics (CQD), 
typically implemented by quantum process tomography, are off-line, i.e., QCC and CQD are not concurrent, as 
they require distinct state preparations. Here we introduce a method, “quantum error correction based 
characterization of dynamics,” in which the initial state is any element from the code space of a quantum error 
correcting code that can protect the state from arbitrary errors acting on the subsytem subjected to unknown 
dynamics. The statistics of stabilizer measurements, with possible unitary preprocessing operations, are used to 
characterize the noise, while the observed syndrome can be used to correct the noisy state. Our method requires 
at most 2[(4^n)-1] configurations to characterize arbitrary noise acting on n qubits. 
 
S. Omkar, R. Srikanth, Subhashish Banerjee, Phys. Rev. A, 91, 012324 (2015). 
S. Aravinda, R. Srikanth, arXiv: 1506.03058. 

 
 
 

Regional and global quantum correlations: their interrelations and use 
 

Shrobona Bagchi, Anindita Bera, Tamoghna Das, Asutosh Kumar, Avijit Misra, Debasis Sadhukhan,  
Sudipto Singha Roy, Amit Kumar Pal, Debraj Rakshit 
Harish-Chandra Research Institute, Allahabad, India 

 
An important characterization of a composite quantum system is by using the quantum correlations present 
between its subsystems. The emergence of many such quantum correlations as resources in several quantum 
information processing tasks, and the tremendous experimental development in carrying out such tasks in 
controlled and other environments using different substrates have emphasized the requirement of proper 
quantification and characterization of quantum correlation measures. We exploit symmetries of certain mixed 
multiparty quantum states to evaluate their multiparty entanglement, as quantified by the generalized geometric 
measure. We also define a multiparty entanglement measure based on local measurements on the multiparty 
quantum state, and an entanglement measure averaged on the post-measurement ensemble. We find that the 
``localizable'' measure works better in signaling quantum critical phenomena as compared to the parent 
measure. Finally, we derive complementarity relations, useful for obtaining secret key rate bounds in quantum 
cryptography, between the purity of a part of an arbitrary multiparty system of arbitrary dimensions, and several 
bipartite measures of quantum correlation between that part with the rest of the system. 
 
A. Bera, A. Kumar, D. Rakshit, R. Prabhu, A. Sen De, U.Sen, arXiv:1509.07777. 
D. Sadhukhan, S. S. Roy, A. K. Pal, D. Rakshit, A. Sen De, U. Sen, arXiv:1511.03998. 
T. Das, S. S. Roy, S. Bagchi, A. Misra, A. Sen De, U. Sen, arXiv:1509.02085. 
 



 

Majorana representation of a qutrit and its use in NMR implementations of quantum gates 
 

Shruti Dogra 
IISER Mohali, India 

 
A qutrit is a three-level quantum system described in a three-dimensional Hilbert space. Geometrical picture of a 
spin-1 can be obtained via Majorana representation, where a spin-1 is represented by two points on a unit 
sphere. On the basis of Majorana geometrical representation, spin-1 states are widely classified as pointing and 
non-pointing states. We study Majorana representation of a spin-1 to explore its dynamics under SO(3) and SU(3) 
transformations. SO(3) transformations in three-dimensional Hilbert space have one to one correspondence with 
the rotations in three dimensional real space, under which both the points move together with a constant 
relative separation. SO(3) operations span only a part of the three-dimensional Hilbert space, which motivates us 
to define the canonical states and general states of a spin-1. On the other hand, SU(3) transformations are 
generated by a set of eight Lambda matrices that span the complete single qutrit state space. In the context of 
NMR based quantum computation, decomposition of quantum gates into NMR pulses is not well understood for 
qutrits (unlike qubits). In this work we develop a method to represent NMR pulses corresponding to logic gates 
as trajectories of a pair of points representing a qutrit state on the ‘Majorana sphere’. These operations are 
realized experimentally on a spin-1 oriented in a liquid crystal matrix using NMR. A sensitive issue of the physical 
realization of spin-1 magnetization vector is also addressed. 
 
 
 

Diffraction based Linear Optics Quantum Computation 
 

Simanraj Sadana 
Raman Research Institute, Bangalore, India 

 
We explore a new possibility of using a slit-system to do quantum information processing. Starting with a double-
slit system, we will try to construct a vector space using the solutions to the Helmholtz equation for propagation 
of light, and use the double-slit to simulate the operations on that vector space. With the help of post-selection 
we shall compensate for the losses that arise in this (and any such slit system), and make the operation unitary. 
Further, concatenation of such slit systems will lead to realization of different unitary operations. We set out to 
study this class of operations. We start out with trying to simulate one of the most common components used on 
an optical table, that is, the beam splitter. This particular choice of component is motivated by the idea that 
there exists an algorithm for experimentally realizing any unitary operator by using just beam splitters and phase 
shifters. 
 
 
 

Classical Simulation of Bipartite Spin-1 Systems 
 

Soumik Adhikary 
Indian Institute of Technology Delhi, New Delhi, India 

 
It can be shown that in a bipartite systems of two spins, many so called quantum (nonseparable) states (including 
certain non-local states) can be mimicked by higher dimensional separable (classically correlated) states. We call 
this the classical simulation of quantum states. We have also shown that in fact, only a small subset of these 
states can be identified as truly quantum (or exceptional), whose correlations can never be understood 
classically. In the particular case of, some highly symmetric two spin-1 particles states, viz. SU(2) and SU(3) 
invariant, the set of exceptional states can be shown to consist only of the maximally entangled SU(3) invariant 
states, corresponding to both the representations of SU(3) (the singlet state which also happens to be the Bell 
state and the triplet state) and all their convex combinations (which turns out to be SU(2) invariant). Similar 
results has also been for bipartite systems of spin half particles. A comparison between these two cases gives us 
an idea of how the number of exceptional states increases for higher spins. 
 
 



 

Separability of mixed symmetric state 
 

Suma S. P. 
Yuvaraja College, University of Mysore, India 

 
Majorana Representation of symmetric N-qubit pure states has been used successfully in entanglement 
classification.Generalization of this has been a problem for mixed symmetric states as definition of entanglement 
for a mixed state itself is problematic.Therefore we are going to identify a separability criteria for mixed 
symmetric states using geometric multiaxial representation of density matrix as symmetric states are 
experimentally viable and offer elegant mathematical analysis. Spin j state is equivalent to N qubit symmetric 
state with .Multiaxial representation is Majorana like representation for symmetric mixed states.Here we 
demonstrate our method for two qubits in terms of 5 local invariants and three qubit mixed symmetric system in 
terms of 18 local unitary invariants. 
 
 

Effect of local filtering on freezing phenomena of quantum correlation 
 

Sumana Karmakar 
University of Calcutta, Kolkata, India 

 
General quantum correlation measures such as Quantum Discord, One-norm Geometric Quantum Discord (one-
norm GQD) exhibit freezing, sudden change, and double sudden change behavior in their decay rates under 
different noisy channels. Therefore, one may attempt to investigate how the freezing behavior and other 
dynamical features are affected under application of local quantum operations. In our work we have analyzed in 
detail, the effect of single local filtering operation on dynamical evolution of Quantum Discord and One-Norm 
Geometric Quantum Discord (one-norm GQD) for the Bell diagonal state under different Markovian noise such as 
phase flip, bit flip, bit-phase flip channels. We have found that using local filtering, one may remove freezing 
depending upon the filtering parameter. In case of Quantum discord, any amount of filtering helps to remove its 
freezing but the sudden change in its decay rate occurs at the same parameterized time as before filtering. On 
the other hand in case of one-norm GQD, any amount of filtering reduces the duration of freezing. We observed 
that when amount of filtering increases, duration of freezing decreases and thus the points of abrupt transition 
in the decay rate of quantum correlation changes. We have found a range of filtering parameter, for which one-
norm GQD decays monotonically a without any disturbance, i.e., without any freezing, any sudden change in its 
decay rate. We hope our results will help further to understand basic nature of quantum correlations beyond 
entanglement. 
 
Sumana Karmakar, Ajoy Sen, Amit Bhar, Debasis Sarkar, Quant. Inf. Proc. 14, 2517 (2015).  
 
 

Generation of spatially correlated qutrits using SPDC 
 

Surya Narayan Sahoo 
Raman Research Institute, Bangalore, India 

 
Maximally entangled qudits are known to be more robust against decoherence and violate local realism stronger 
than qubits, making them subjects of interest in many quantum information protocols and fundamental tests of 
quantum mechanics. Transverse spatial correlations obtained from spontaneous parametric down converted 
photons are one of the simplest methods that could be readily implemented in various quantum information 
protocols. One way of extracting spatial qudits in such systems is by use of slit based interferometric systems. 
However, extracting spatial qudits out of signal-idler pairs by placing slits just before detection is not only less 
efficient but also more error prone. Recently, it was shown that, the angular spectrum of the incident pump can 
be transferred to the signal-idler bi-photon pair in SPDC process. Tapping onto this, we attempt to harness qutrit-
qutrit correlations in spatial degrees of freedom by making the pump have a profile of triple slit. We study how 
the idler profile is correlated with a given signal profile and establish the qutrit-qutrit correlations for different 
experimentally viable parameters. We plan to experimentally verify that these correlations are from quantum 

entanglement. This principle of generating spatially entangled photon qutrits could be easily extended to n–



 

dimensional space and find wide applications. 
 
 

An algorithmic approach to digital quantum simulation 
 

Swathi S. Hegde 
IISER Pune, India 

 
An important motivation for the quest for quantum processors is in quantum simulations, which can be often 
hard to realize in classical processors. Recently digital quantum simulation has attracted significant attention due 
to its universality. However, the major challenge is in efficiently decomposing a general unitary into a simple 
quantum circuit. Here we describe an algorithmic approach for the unitary decomposition into a sequence of 
generalized rotations over a set of mutually commuting Pauli operators with arbitrary rotation angles. We 
explicitly analyse the algorithm for 2 and 3 qubits, and interestingly, we find that the standard operations, such 
as CNOT, SWAP, TOFFOLI, FREDKIN, can all be represented as single generalized rotations. We also discuss the 
robustness of the decompositions and the applicability of the method for state preparation. 
 
 
 

Optimizing bandwidth and dynamic range of Josephson Parametric Amplifiers for quantum measurements 
 

Tanay Roy 
Tata Institute of Fundamental Research, Mumbai, India 

 
Superconducting Josephson parametric amplifiers (JPAs) have become an essential component of quantum 
measurement setups involving superconducting qubits. They routinely achieve quantum-limited noise 
performance with 20 dB power gain. However, JPAs based on a single, non-linear oscillator have the 
disadvantage of narrow bandwidth (~20-50 MHz) and saturation at low signal power (~ -130 dBm), making them 
suitable for single qubit measurements only. To circumvent the first issue we demonstrate a new method where 
one modifies the environment by coupling the JPA to an auxiliary oscillator resulting in an enhanced bandwidth 
with a “plateau” shaped gain profile. Experimentally we achieved 640 MHz bandwidth while maintaining its gain 
and noise performance which is in a good agreement with our simulations. To improve the signal handling 
capacity of the JPA, one has to dilute the non-linearity of the Josephson oscillator. We will discuss a few different 
approaches which involve using a linear inductor as well as Josephson junction arrays. Numerical simulations 
were used to optimize the design and we will compare experimental performance for different designs. 
 
 
 

Asking quantum correlations about their monogamy ''scores'' 
 

Titas Chanda, Tamoghna Das, Asutosh Kumar, Utkarsh Mishra, Himadri Shekhar Dhar 
Harish-Chandra Research Institute, Allahabad, India 

 
The monogamy score corresponding to a bipartite quantum correlation can be conceived to be a multiparty 
quantum correlation, and is based on restrictions on the sharability of the bipartite measure in a multipartite 
system. We find that for a large majority of multiqubit pure states, the monogamy scores for different quantum 
correlation measures are bounded above by the functions of their genuine multipartite entanglement. We 
analytically show that the bound is universal for three-qubit pure states -- conditions for its validity in systems of 
a higher number of qubits are also identified. We also establish a relation between the multiparty dense coding 
capacity and the monogamy scores of quantum discord and concurrence squared in arbitrary multiqubit pure 
systems. Moreover, we show that in a light harvesting complex, the behavior of the monogamy score of quantum 
discord and negativity in the time-evolved state can infer the primary energy transfer pathway in the system. 
 
A. Kumar, H. S. Dhar, R. Prabhu, Aditi Sen De, and Ujjwal Sen, arXiv: 1505.01748 
T. Das, R. Prabhu, A. Sen De, and U. Sen, Phys. Rev. A 90, 022319 (2014) 
T. Chanda, U. Mishra, A. Sen De, U. Sen, arXiv: 1412.6519  
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A comparative study of quantum secure direct communication protocols under noisy environment 
 

Vishal Sharma 
IIT Jodhpur, India 

 
Various protocols of secure quantum communication, which circumvent the prior generation of key, have been 
proposed in the recent past. These protocols are generally classified as (i) quantum secure direct communication 
(QSDC) protocols, which require no additional classical communication for decoding of the message, and (ii) 
deterministic secure quantum communication (DSQC) protocols, which require an additional classical 
communication of one bit for each qubit is required decoding of the message. In an ideal situation (in absence of 
noise), security of all the standard protocols of QSDC can be shown to be equivalent. Here, we have investigated 
the effect of noise on different QSDC schemes. Specifically, we have investigated the effect of amplitude 
damping, phase damping, generalized amplitude damping, squeezed generalized amplitude damping, collective 
noise, and Pauli noise models on LM05, Ping-Pong and Kak protocols of QSDC. Further, a comparative analysis of 
the performance LM05, Ping-Pong and Kak's protocols in presence of different types of noise is performed using 
a strategy adopted in our earlier work. 
 
V. Sharma, C. Shukla, S. Banerjee, A. Pathak, Quant. Info. Process. 14 3441 (2015). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Rajdari-Debdari Falls Allahabad Fort

Khusroo-Bagh Anand- Bhawan

Sangam Peacock at HRI


	frontpage_v3.pdf
	Abstract Book QIPA15_finalbookletv3_WEBversion
	backpage_v3



