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Dicke model

Superradiant phase transition
! " ! "

- M. Bina et al., Phys. Rev. E 93, 052118 (2016).

∼

N → ∞

Critical quantum sensors

Critical phase transition High sensitivity

Q. Fisher Information

23/09/2020 Desmos | Elaboratore grafico

https://www.desmos.com/calculator?lang=it 1/2

arctan 6x
1

So
me phys

ica
l

property

Physical parameter

Susce
ptib

ility

Physical parameter

Introduction



 7

Introduction

Ground-st
ate

property

Tunable parameter

Infinite precision

Diverging Susceptibility



 7

Introduction

Ground-st
ate

property

Tunable parameter

Infinite precision

Diverging Susceptibility

Energy

gap

Coupling strength

Closing energy gap

Infinite time..



 7

Time is a resource
CQM

Introduction

Ground-st
ate

property

Tunable parameter

Infinite precision

Diverging Susceptibility

Energy

gap

Coupling strength

Closing energy gap

Infinite time..



 7

Time is a resource
CQM

Introduction

Ground-st
ate

property

Tunable parameter

Infinite precision

Diverging Susceptibility

At the Limits of Criticality-Based Quantum Metrology:
Apparent Super-Heisenberg Scaling Revisited

Marek M. Rams,
1,*

Piotr Sierant,
1,†

Omyoti Dutta,
1,2

Paweł Horodecki,
3,‡

and Jakub Zakrzewski
1,4,§

1
Instytut Fizyki im. Mariana Smoluchowskiego, Uniwersytet Jagielloński,

PHYSICAL REVIEW X 8, 021022 (2018)

GB ∼ t
2
N

2

For spins

Energy

gap

Coupling strength

Closing energy gap

Infinite time..



 8

Introduction

Dicke model

H = ωca
†a+

ωq

2

NX

i=1

σ
z
i +

g
√

N
(a+ a†)

NX

i=1

σ
x
i



 8

Introduction

Dicke model

H = ωca
†a+

ωq

2

NX

i=1

σ
z
i +

g
√

N
(a+ a†)

NX

i=1

σ
x
i

Thermodynamic limit N → ∞



 8

Introduction

Dicke model

H = ωca
†a+

ωq

2

NX

i=1

σ
z
i +

g
√

N
(a+ a†)

NX

i=1

σ
x
i

Thermodynamic limit N → ∞

g <

√

ωcωq

2
Normal Phase

Xa

Ya

Harmonic 

potential

(Squeezed)

vacuum



 8

Introduction

Dicke model

H = ωca
†a+

ωq

2

NX

i=1

σ
z
i +

g
√

N
(a+ a†)

NX

i=1

σ
x
i

Thermodynamic limit N → ∞

g <

√

ωcωq

2
Normal Phase

Xa

Ya

Harmonic 

potential

(Squeezed)

vacuum

g >

√

ωcωq

2
Superradiant Phase

Xa

Ya

α ∼
√
N

Double-well

Potential

Superposition



 9

Introduction

Finite-component quantum phase transitions

N ∼ 1N → ∞
<latexit sha1_base64="Re0Pe43zozd13JnedhD7nT8NYOI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZdFN66kgn1AE8pkOmmHTiZh5kapofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wSJ4Boc59sqLC2vrK4V10sbm1vbO/buXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLya+K17pjSP5R2MEuZHpC95yCkBI3XtgxvsKd4fAFEqfsAelyGMunbZqThT4EXi5qSMctS79pfXi2kaMQlUEK07rpOAnxEFnAo2LnmpZgmhQ9JnHUMliZj2s+n1Y3xslB4OY2VKAp6qvycyEmk9igLTGREY6HlvIv7ndVIIL/yMyyQFJulsUZgKDDGeRIF7XDEKYmQIoYqbWzEdEEUomMBKJgR3/uVF0qxW3NNK9fasXLvM4yiiQ3SETpCLzlENXaM6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/AGNZlTA=</latexit>



 9

Introduction

Finite-component quantum phase transitions

 L. Bakemeier, et al., Phys. Rev. A 85, 043821 (2012). M.-J. Hwang, et al., Phys. Rev. Lett. 115, 180404 (2015).

Quantum Rabi model

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

he Ω=ω0 → ∞

transition.—We consider

Superradiant phase transition in the
scaling limit

N ∼ 1N → ∞
<latexit sha1_base64="Re0Pe43zozd13JnedhD7nT8NYOI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZdFN66kgn1AE8pkOmmHTiZh5kapofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wSJ4Boc59sqLC2vrK4V10sbm1vbO/buXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLya+K17pjSP5R2MEuZHpC95yCkBI3XtgxvsKd4fAFEqfsAelyGMunbZqThT4EXi5qSMctS79pfXi2kaMQlUEK07rpOAnxEFnAo2LnmpZgmhQ9JnHUMliZj2s+n1Y3xslB4OY2VKAp6qvycyEmk9igLTGREY6HlvIv7ndVIIL/yMyyQFJulsUZgKDDGeRIF7XDEKYmQIoYqbWzEdEEUomMBKJgR3/uVF0qxW3NNK9fasXLvM4yiiQ3SETpCLzlENXaM6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/AGNZlTA=</latexit>



 9

Introduction

Finite-component quantum phase transitions

 L. Bakemeier, et al., Phys. Rev. A 85, 043821 (2012). M.-J. Hwang, et al., Phys. Rev. Lett. 115, 180404 (2015).

Quantum Rabi model

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

he Ω=ω0 → ∞

transition.—We consider

Superradiant phase transition in the
scaling limit

N ∼ 1

Normal phase

|&i ⌦D

λ < λc Superradiant phase

|&i ⌦D

λ > λc

N → ∞
<latexit sha1_base64="Re0Pe43zozd13JnedhD7nT8NYOI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZdFN66kgn1AE8pkOmmHTiZh5kapofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wSJ4Boc59sqLC2vrK4V10sbm1vbO/buXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLya+K17pjSP5R2MEuZHpC95yCkBI3XtgxvsKd4fAFEqfsAelyGMunbZqThT4EXi5qSMctS79pfXi2kaMQlUEK07rpOAnxEFnAo2LnmpZgmhQ9JnHUMliZj2s+n1Y3xslB4OY2VKAp6qvycyEmk9igLTGREY6HlvIv7ndVIIL/yMyyQFJulsUZgKDDGeRIF7XDEKYmQIoYqbWzEdEEUomMBKJgR3/uVF0qxW3NNK9fasXLvM4yiiQ3SETpCLzlENXaM6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/AGNZlTA=</latexit>



 9

Introduction

Finite-component quantum phase transitions

 L. Bakemeier, et al., Phys. Rev. A 85, 043821 (2012). M.-J. Hwang, et al., Phys. Rev. Lett. 115, 180404 (2015).

Quantum Rabi model

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

he Ω=ω0 → ∞

transition.—We consider

Superradiant phase transition in the
scaling limit

N ∼ 1

Normal phase

|&i ⌦D

λ < λc Superradiant phase

|&i ⌦D

λ > λc

Xa

Ya

⊗

�
|#i ⌦ Sλ|0i

N → ∞
<latexit sha1_base64="Re0Pe43zozd13JnedhD7nT8NYOI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZdFN66kgn1AE8pkOmmHTiZh5kapofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wSJ4Boc59sqLC2vrK4V10sbm1vbO/buXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLya+K17pjSP5R2MEuZHpC95yCkBI3XtgxvsKd4fAFEqfsAelyGMunbZqThT4EXi5qSMctS79pfXi2kaMQlUEK07rpOAnxEFnAo2LnmpZgmhQ9JnHUMliZj2s+n1Y3xslB4OY2VKAp6qvycyEmk9igLTGREY6HlvIv7ndVIIL/yMyyQFJulsUZgKDDGeRIF7XDEKYmQIoYqbWzEdEEUomMBKJgR3/uVF0qxW3NNK9fasXLvM4yiiQ3SETpCLzlENXaM6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/AGNZlTA=</latexit>



 9

Introduction

Finite-component quantum phase transitions

 L. Bakemeier, et al., Phys. Rev. A 85, 043821 (2012). M.-J. Hwang, et al., Phys. Rev. Lett. 115, 180404 (2015).

Quantum Rabi model

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

he Ω=ω0 → ∞

transition.—We consider

Superradiant phase transition in the
scaling limit

N ∼ 1

Normal phase

|&i ⌦D

λ < λc Superradiant phase

|&i ⌦D

λ > λc

Xa

Ya

⊗

�
|#i ⌦ Sλ|0i

Xa

Ya

⊗ Xa

Ya

⊗+
�

|.i ⌦D
−αSχ|0i+ |&i ⌦DαSχ|0i

N → ∞
<latexit sha1_base64="Re0Pe43zozd13JnedhD7nT8NYOI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZdFN66kgn1AE8pkOmmHTiZh5kapofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wSJ4Boc59sqLC2vrK4V10sbm1vbO/buXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLya+K17pjSP5R2MEuZHpC95yCkBI3XtgxvsKd4fAFEqfsAelyGMunbZqThT4EXi5qSMctS79pfXi2kaMQlUEK07rpOAnxEFnAo2LnmpZgmhQ9JnHUMliZj2s+n1Y3xslB4OY2VKAp6qvycyEmk9igLTGREY6HlvIv7ndVIIL/yMyyQFJulsUZgKDDGeRIF7XDEKYmQIoYqbWzEdEEUomMBKJgR3/uVF0qxW3NNK9fasXLvM4yiiQ3SETpCLzlENXaM6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/AGNZlTA=</latexit>



Louis Garbe Arne Keller Matteo ParisMatteo Bina



Louis Garbe Arne Keller Matteo ParisMatteo Bina



 11

Finite-component critical probe

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

�
Ω/!0 � 1
� �

Scaling

limit
ProbeParameter



 11

Finite-component critical probe

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

�
Ω/!0 � 1
� �

Scaling

limit
ProbeParameter

parameter. We also define

parameter g = �/
p
Ω!0.

system exhibits a phase

Quantum phase transition

for g ! 1
ards to so-



 11

Finite-component critical probe

Estimation

protocol

) : 0 for g
ards to

1
so-

�!
h (g)|Ô| (g)i
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h (g)|Ô| (g)i

Prepare trivial

ground stateh | | i
| (g)i = |0i ⌦ |#i

1)

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

�
Ω/!0 � 1
� �

Scaling

limit
ProbeParameter

parameter. We also define

parameter g = �/
p
Ω!0.

system exhibits a phase

Quantum phase transition

for g ! 1
ards to so-



 11

Finite-component critical probe

Adiabatic 

sweep ⇡
g(t) : 0 �! 1

2)

Measure

ground state�!
h (g)|Ô| (g)i
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h (g)|Ô| (g)i

Prepare trivial

ground stateh | | i
| (g)i = |0i ⌦ |#i

1)

HRabi ¼ ω0a
†aþ

Ω

2
σz − λðaþ a†Þσx;

�
Ω/!0 � 1
� �

Scaling

limit
ProbeParameter

parameter. We also define

parameter g = �/
p
Ω!0.

system exhibits a phase

Quantum phase transition

for g ! 1
ards to so-



 12

Finite-component critical probe

Prepare trivial

ground stateh | | i
| (g)i = |0i ⌦ |#i

1)

Adiabatic 

sweep ⇡
g(t) : 0 �! 1

2)

Measure

ground state�!
h (g)|Ô| (g)i
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Results
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Open questions

- Can we overcome 

the critical slowing down?

- What is the impact 

of previous knowledge?


