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Abstract

The area of quantum information processing has broadly two main research objectives:
(i) unraveling novel quantum features for a better understanding of quantum founda-
tions and, (ii) designing potential information processing applications with different
quantum features as resources. Though the first objective dates back to the incep-
tion of quantum mechanics, it has received renewed research attention owing to the
resource-theoretic importance of different quantum features. This, in turn, has led to a
plethora of resource theories, with the resource theory of entanglement being the most
celebrated example. We believe that it is timely to investigate whether criteria for
different forms of quantumness (nonclassicality) may be arrived at through a unified
framework. In this thesis, we accomplish this task by employing two frameworks—
based on logical quantum systems and based on pseudo probability. In the framework
based on logical quantum systems, we start with a simple observation: coherence in
logical quantum systems is a manifestation of nonclassical correlations in the underly-
ing physical qudits. For this reason, there is a reciprocity between the conditions for
the former and the conditions for the latter. The reciprocity also permits a system-
atic construction of sufficiency conditions for nonclassical correlations. By employing
a framework based on pseudoprobability, we show that all the criteria for multiparty
nonlocality and entanglement can be looked upon as violations of classical probabil-
ity rules. Importantly, these violations are not purely theoretical constructs, rather
they can also be experimentally observed as anomalous weak values, thanks to rapid

advancements in the area of weak measurements.

In the second part of the thesis, we turn our attention to the question: to what extent,
can we relax the need for entanglement in quantum protocols and still get a quantum
advantage, albeit in some restricted scenarios? This question stems from the fact that
entanglement is a costly resource. We answer this question in two steps. In the first
step, we leverage the counter-intuitive finding of [Bharath and Ravishankar. Phys.
Rev. A 89.6 (2014): 062110] that an entangled quantum state can be simulated by a
suitably higher-dimensional separable state. In fact, the two have the same informa-
tion content. Based on this insight, we present protocols for quantum communication
with SU(2) invariant separable higher dimensional states. These protocols are designed

for transferring information to remote locations. In the second step, we explore the


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.89.062110
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.89.062110

potential of reducing the requirement for quantum resources by expanding the domain
of classicality to include classical waves. As a consequence, protocols requiring paral-
lelism at the same spatial location can be simulated with classical waves as well. We
take a step ahead and ask the question: can classically entangled beams be replaced by
classically separable beams? We show that the answer to this question is in the affir-
mative and lies in laying down a classical optical version of the concept of simulability
introduced in [Bharath and Ravishankar. Phys. Rev. A 89.6 (2014): 062110]. No-
tably, it is an area in which a quantum mechanical concept enriches the understanding

in the classical realm.


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.89.062110

arR

FTCH FIAT THERI0T & &5 W & H3H 37U 3229 &: (i) FaicH Aldl Bl I8k 31 & FHeH & foy
T FaieH faQSarsil T 3MTERoT &A1, 31K (i) fafi=T Faien faerwarsi & TarMAT & B9 § 3udnT
PYh THTII AT THBROT 3TTANT bl TSSITS BRAT| JefT UEAT 35T dicH Aifach! bl QB3I
e g3 &, defU fafi=1 errie farsarsif & Fara-Hgifde Aec & BRUT e oY | TdiH B
YT 37T 81 39 PRUT A &g HHTHA Hgidl BT 3gd g3 &, foH Afdeor (Terare) o1 ddmed
Ogid 99 UfAg 3aTeR0T 21 89 A ¢ fob a8 a7 fafi=T wepR &Y darfer (R-emeiiear) & fag
HHES! &1 Yebldpd el b HIeH I ST o felq 3ugerd 81 54 2Mertiel #, g9 1 il &l 3udIT ik
S B Bl T B — 1 1o qdbETTd daieH JoTTferdl (quantum logical systems) 3R
BT (pseudoprobability) TR 3TUTRA | dHETd ddicH YUTf@dl U1 3R 8 H, 89 Uh
IR AP B 1Y B B &: dDHATd Fdieq Yunferdl § ATHSRA (coherence) 3fdffea ifas
HfeeH # TR-2MET HedeHT (nonclassical correlations) @7 Ueh YhSa_UT &1 9 BROT H, !
& foig 2raf & S U IRTERGBAT 81 I8 URTIREBAT TR-2MTH T Tgaad] & fog gafeddr 2raf &
Fafeyd fAmfor B srgAfd Wt St &1 BERITEAT R TR 379 &1 391 e, BF @ ¢ b it
ggueftd R-TATRIET (nonlocality) 3R @fddoT & HIAEEY BT M IHTAT WY & Iocier &
B H 3T ST Hebdl 2| Hedqul 91d Ig & fob A Ieoia dpaet dgifdes fnfor 981 2, afes 9 AR
HI9 (weak measurement ) & &1 H doft & YiTfd & BRUT fRiTTd HHGIR AFT & B H TATHD
BY I W SH ST Fhd Bl

MTe b GER VT H, §H S Y7 R B bicd Bd &: fbd HIHT deb, §H adicH Hiibid |
AfdPBIT B 3TTaedesdT b feifeiet Y Febd B 3R i Wt P ufdefd uRgedl # wieH o ure
P Phd 87 T U7 89 97 F 39 8idl & b ATdHI0T Yo HETT TATHA 2| BH 59 U7 BT IR &l
TROT H &d 3| Ugel oRUT H, §H [Bharath and Ravishankar. Phys. Rev. A 89.6 (2014): 062110]
% 39 YfABRP FIoT &I @M 381d & 1o Ub Afdpd

FRITCH I B Ueh IUYd 3TT-3TTATHT G&[ch LT GIRT 3BT faaT ST HebdT 21 ITdd H, HI A Ub
& AT AU Eld! 81 39 e & 3TUR W, 84 SU(2) 31Rad-1a 3T 3TTATHT Gk 3TaiT3ii &
T Fien HaR & ol Wieldia IRgd 3d 8| 3 WIeIble STHBRT Pl g LT R TR
B & foig fesime fosy 0 21 8- oROT H, €7 AT & STHA & fawarRa a<ds aaicH SameA|
DI TALIDBAT BT BH B Dl FHTIAT BT IdT T1TTd & aTfch SHH ATHIT il MHe 8f 1 TRUTHERY,
FHT AT T R FHAIARAT bl STagehdl dTel HIeIblc bl AT a1 b HIY HY 30T
BT ST AbdT 81 EH U PBaH 3T I6h YBd &: T ATHI BU F fdepd fBIull Bl 2l Bu A
G TehRuTl F geeTl ST HebdT 872 BH f@Td § fob 39 Heq T 3tR HPBRIHS & 3R Ig [Bharath and
Ravishankar. Phys. Rev. A 89.6 (2014): 062110] ® WRqd Agafafcicl Pl 31aqaRoT & et
3TfEheT TR B IATUd = B FfEd €1 oy B A, 7 Uas 01 &7 & 59 U adien gifie
TR AT & W THS Bl THg Bl 8

Vi
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