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Quantum Processes & MZ setup
Multiparameter estimation & CR 

bounds

Bath(s) and their interaction with 

probe

Process: A supermap from the set of linear operations (CP
maps) on an input Hilbert space to the set of linear
operations on an output Hilbert space. Example:

MZ setup:
• 1-bath: The state

of the (thermal)
bath depends on
the control (path).

• 2-bath: Two
independent
baths on the path
of the MZ.

State preparation of 
qubit(s) as probe(s)

Temperature(s) 
encoded through 

interaction with bath(s)

Measurement and 
estimation of 
temperature

A1 W A2

P

F
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Multiparameter 

CR bound : 

: Quantum Fisher 

Info. Matrix (QFIM)

1 – bath (Φ = π/2), ν = 100

2 – bath (Φ = π/2), ν = 100

Inv(QFIM) :

Bounds :

For a single qubit as a probe:
• 1-bath/ 2-bath : |QFIM| = 0 ⇒Bounds cannot be obtained.
For a two- qubit probe, |QFIM| ≠ 0 (generally)

Measurement, estimation
performed using probe states
postselected on path DOF
using detectors D1 and D2.
PS introduces a phase: Φ.

Results using MZ setup

Purified thermal bath constituted by 2 qubits, written in the
energy eigenbasis as follows, interaction through unitary (U):



Results using Switch & Det processes Conclusions

Ongoing & Future work

• Bi-partite process
• Conforms to indefiniteness in causal

order.
• Doesn’t violate causal inequality.
• Measurement & estimation performed

on
• Can be used to measure two

temperatures simultaneously

ν = 100

• Tri-partite process
• Violates causal inequality.
• Measurement & estimation

performed on
• Can be used to measure two

temperatures simultaneously.
• The variance depends on how many

instances of thermalizing maps of a
particular temperature are used.

ν = 100

Parallel scheme 
with simultaneous 
measurement of 

two temperatures 
using two 

independent/uncor
related probes 

outperforms all the 
others. 

• Although no significant advantage vis-à-vis
variances obtained, the diagonalization of
the covariance matrix can lead to interesting
results.

• For example, we can measure certain linear
combinations of temperatures: not possible
using the parallel scheme.

• Shown to be true in Quantum Switch and
MZ setups.

• For future: using Bayesian inference method
in the quantum process framework for
thermometry.
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