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20th century: a new theory of matter and energy was emerging 
  
—unsatisfied with classical explanations
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Quantum Computer Quantum cryptography

Quantum Sensors
Quantum Simulators

Quantum simulators Quantum batteries

Quantum 
Science

Second revolution of Quantum Technologies

Potentially deep social impact 

May lead to nation’s further development



Quantum Computer

Quantum Sensors

Quantum thermal deviceQuantum simulators Quantum batteries

Quantum 
Science

Second revolution of Quantum Technologies

Quantum cryptography

Quantum communication



Q Computer

Quantum Computer
Q Algorithms, Q error correction, Q gates….

Why?
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Thanks to Tamoghna Das
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Digit Time

82 1.1 year

120 2100 years

200 25 Billion

PRIME FACTORIZATION



To factor an n-digit number, an 
algorithm in our computer may 

take huge time

M. Nielsen & I. Chuang, Cambridge University Press, (2010)

PRIME FACTORIZATION



No efficient classical algorithm till date
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Quantum mechanics promises qualitatively 
better efficiencies than its 

classical counterpart:

    “Shor’s algorithm”

SHOR, ‘94

No efficient classical algorithm till date
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Breakthrough discovery & 
motivation for  

quantum computer
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Thanks to Tamoghna Das

PRIME FACTORIZATION
Quantum vs Classical
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PRIME FACTORIZATION

• Google claims that Q computer can finish a 
task in 3 minutes and 20 seconds while a 
classical supercomputer requires 10,000 years.                                 

• Researchers in Beijing say they took a different 
approach that saw 60 graphics processors 
complete the job ‘in about five days’



1. How quantum circuits gets affected by noise? so quantum algorithms?…

Quantum Computer @HRI
Q Algorithms, Q error correction, Q gates….
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1. How quantum circuits gets affected by noise? so quantum algorithms? 

2. Design of quantum circuits (bunch of quantum gates) — 
Characterization of q gates,  
robustness against noise, imperfections in circuits,… 

3. Measurement-based quantum computation — implementable, eg. in 
ion-traps, supcon circuits 

Quantum Computer @HRI
Q Algorithms, Q error correction, Q gates….



Classical Gates

AND, OR and NOT

NAND

Universal quantum gates



Classical Gates

AND, OR and NOT

Quantum Gates

Hadamard gate

CNOT gate

|0i ! 1p
2
(|0i+ |1i)

|1i ! 1p
2
(|0i � |1i)

<latexit sha1_base64="9Njz22IBkH81QJz+2plfzocxaR4="></latexit>

|00i ! |00i
|01i ! |01i
|10i ! |11i
|11i ! |10i
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NAND

Universal quantum gates



Quantum circuits
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Quantum Circuits consisting of quantum gates execute quantum algorithms 

Finding optimal q circuits — a challenge
Understanding — capabilities of q gates

S. Mondol, S. K. Hazra,  ASD, arXiv:2302.06574

Quantum circuits



Quantum Circuits consisting of quantum gates execute quantum algorithms 

Finding optimal q circuits — a challenge
Robustess of quantum gates

S. Mandal, S. K. Hazra,  ASD, arXiv soon

Quantum circuits
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Initial state  
preparation

Evolve with  
suitable Hamiltonian

Measurements on 
evolved state 

(gate implementation)

nearest-neighbor interactions

1 2 3 4 N

Raussendorf, Briegel: Phys. Rev. Lett (2001), Nat Phys. 2009



Measurement-based Q computer

Initial state  
preparation

Evolve with  
suitable Hamiltonian

Measurements on 
evolved state 

(gate implementation)

nearest-neighbor interactions



Measurement-based Q computer

Initial state  
preparation

Evolve with  
suitable Hamiltonian

Measurements on 
evolved state 

(gate implementation)

nearest-neighbor interactions

Long-range interactions



Measurement-based Q computer

Initial state  
preparation

Evolve with  
suitable Hamiltonian

Measurements on 
evolved state 

(gate implementation)

Spatial distance between the 
lattice sites, i and j.

Long-range interactions



Measurement-based Q computer

Initial state  
preparation

Evolve with  
suitable Hamiltonian

Measurements on 
evolved state 

(gate implementation)

Long-range interactions

Spatial distance between the 
lattice sites, i and j.

Is it suitable for MBQC? 
``Entanglement” properties?

Ghosh, Agarwal, Halder, ASD: Phys. Rev. A (2024)
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Measurement-based Q computer

Initial state  
preparation

Evolve with  
Suitable Hamiltonian

Measurements on 
evolved state 

(gate implementation)

Long-range interactions

(1) Possible to create maximum multipartite 
entanglement as NN case. 

(2) It can detect transition points efficiently.  LR

Quasi LR
SR

Ghosh, Agarwal, Halder, ASD: Phys. Rev. A (2024)
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Allahabad

Communication

Alice Bob

Kolkata
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Allahabad

Communication



Alice Bob

Sender Receiver

Communication



Aim: Sending info from A to B

Alia Barun

Sender Receiver

Alice Bob

Communication
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classical or quantum 
Alia Barun

Sender Receiver

quantum state

Alice Bob

Bhubaneswar —> 01100011001010….

Classical computer unit: 
 Bit = one of {0, 1}
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classical or quantum 
Alia Barun

Sender Receiver

Classical computer unit: 
 Bit = one of {0, 1} qubit

Alice Bob

Aim: Sending info from A to B

Communication



classical or quantum 
Alice Barun

Sender Receiver

qubit

| "i
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Communication

Aim: Sending info from A to B

Classical computer unit: 
 Bit = one of {0, 1}



quantum state

classical or quantum 

provides better efficiency than their classical counterparts

CommunicationQuantum version

Classical computer unit: 
 Bit = one of {0, 1}

Aim: Sending info from A to B



classical or quantum 

Q dense coding Q teleportation
1992-93
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provides better efficiency than their classical counterparts

CommunicationQuantum version
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classical or quantum 

Q teleportation
2004 —-

Aim: Sending info from A to B

provides better efficiency than their classical counterparts

CommunicationQuantum version

Q dense coding



Alice Bob
Eavesdropper

Classical information transfer securely

Quantum Cryptography



Usefulness of  
Secure Communication

World War II

Ancient



Scytale (Greek) 

Classical Cryptography



The Katapayadi Shankya (Indian) 
Scytale (Greek) 

Classical Cryptography

Enigma (German) 



Classical ways to hide info
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Alice

Plaintext:    01010110 

Key:             00111001 

Ciphertext:  01101111

Bob

Ciphertext: 01101111 

 Key:            00111001 

Plaintext:    01010110 

 Se
nd

in
g

 Decoding:   
 Plaintext   =  
 Ciphertext + key (modulo 2)

Encoding:  
Ciphertext =  
Plaintext + key (modulo 2) 

One-time pad



One-time pad



a random binary sequence at Alice, & the same at Bob,  
but no-one else has it. 

One-time pad



Classical:  
Security depends on whether  

a mathematical problem can be solved or not.

Classical Case



Classical Cryptography

Security based on the belief that some 
mathematical problems cannot be 
solved in classical computer (in 

polynomial time)

Ex: Prime factors of a given integer

Current 
Secure Communication



Eg. Shor algorithm 1994

 QM makes all current crypto systems insecure

These mathematical problems 
can be solved using quantum 

mechanics



Quantum Device 

Security based on validity 
of quantum mechanics

Quantum 
cryptography

Secure 
even when quantum computer exists



Bennett, Brassard, Ekert

Quantum key distribution 
1984, 1991

Quantum 
cryptography
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Properties of composite q system
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Entanglement : key ingredient

Resource?



Resource?

Alice and Bob are unable to prepare these states 
when they are far apartEntangled states

A B

S

Singlet state



A B

Resource?

S

Alice and Bob are unable to prepare these states 
when they are far apartEntangled states

Singlet state

Product states Ex: |0⟩ ⊗ |1⟩
|0⟩ ⊗ |0⟩
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A B

Resource?

S

Alice and Bob are unable to prepare these states 
when they are far apartEntangled states

Allahabad
Bhubaneswar

Mumbai



RMP, 84, 777 (2012) 

Right-handed and left-handed circular polarization: ideal candidate 
                                                                                   for a qubit

RMP, 84, 777 (2012) 

Individual particles of light

Physical System:1



Physical System:1

RMP, 84, 777 (2012) 

Right-handed and left-handed circular polarization: ideal candidate 
                                                                                   for a qubit





How far?



Experimental Achievements

Photons

Science 356, 1140-1144 (2017)



Experimental Achievements

Photons

Science 356, 1140-1144 (2017)
Breakthrough 
experiment
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>2024

Chennai

Bengaluru

Mumbai

Quantum internet



Sharing entanglement over large distance: 
A recent challenge

A network is a collection of nodes connected by edges

 Entanglement as resource for known communication protocols

Quantum Network
Phys. Rev. Research (2020), Phys. Rev. A 2022, Phys. Rev. A 2022



Sharing entanglement over large distance: 
A recent challenge

A network is a collection of nodes connected by edges

 Entanglement as resource for known communication protocols

Quantum Network
Phys. Rev. Research (2020), Phys. Rev. A 2022, Phys. Rev. A 2022

How to share quantum resource in 
predecided nodes?



Q Networks: Measurement vs Gates

Measurement-based

Probabilistic



Q Networks: Measurement vs Gates

Measurement-based Gate-based quantum circuit
Probabilistic Deterministic

Quantum Repeater — NQM



Samanta, Patra, Gupta, Ghosh, Roy, ASD, Phys. Rev. Research (2020), 
Phys. Rev. A 2022, Phys Rev A 2023, arXiv: 2407: 

Quantum Network w photons

Proposed an experimental set-up to implement



Samanta, Patra, Gupta, Ghosh, Roy, ASD, Phys. Rev. Research (2020), 
Phys. Rev. A 2022, Phys Rev A 2023, arXiv: 2407: 07609

Quantum Network w photons

Proposed an experimental set-up to implement Realistic noisy capacity set-up
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Local magnetic field as charger 

Goal: to store energy
Quantum battery

Quantum thermal machines

Total work-output of the QB

Average Power at time t: 

Performance 
quantifier



PRA’20-24

Design an interacting spin-1/2 model as a quantum battery
Local magnetic field as charger 

Goal: to store energy
Quantum battery

Quantum thermal machines

Interaction strengths play a crucial role to increase 
the extraction of power from it. 



PRA’20-24

Design an interacting spin-1/2 model as a quantum battery
Local magnetic field as charger 

Goal: to store energy
Quantum battery

Quantum thermal machines

Robust against impurities, decoherence 



Quantum Refrigerator

PRA22-23

Goal: to store energy
Quantum battery

Goal: to decrease temperature

Interacting spin-1/2 model attached to bath

Quantum thermal machines



Quantum Sensors

Quantum sensors: 
Design to improve precision,  

robustness against noise, imperfections

Implementation in NMR, NV centres, trapped ions,  
superconducting qubits



Quantum Sensors

Higher sensitivity of magnetic field  
with long-range interactions



Quantum Sensors

Higher sensitivity of magnetic field  
with long-range interactions

Enhancement in sensitivity 
with spin-s systems than spin-1/2
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Quantum computer

Quantum internet

Quantum cryptography
~2018—

Quantum Technology ~2035

?

?

Quantum sensors

Quantum thermal 
machines

Quantum simulators



India’s efforts  
on Quantum Technology 

DST launched a program called 
QUEST 

Quantum communication 
with quantum optics 

QT
with superconducting qubits

QT
with ultacold atoms/ions

QT 
with NMR, NV centre



India’s efforts  
on Quantum Technology 

National Quantum mission



Current group



Thank you
3 Faculty, 1 visiting Faculty

26 PhD students,
3PDFs+1

Several master students

QIC@HRI


