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From Q. gases to Q. simulators...
SF-MI transition, Munich 2002BEC, JILA 1995

Q. gas microscope, MIT 2009



Quantum technologies
Q. simulationQ. computing

Q. sensing & metrologyQ. communications



Measuring the quantum way

How do we measure something?

1. Prepare a probe

2. Probe to interact with system

3. Read probe

Quantum Metrology

● “quantum efects enable an increase in 

precision when estmatng a parameter”

● Uncertainty scales with no. probes N as 

1/N [QC,QQ] vs. 1/sqrt(N) [CC,CQ]

● Goal: ‛ultmate’ precision limit

● Giovannet et al., PRL 2006, Nat. 

Photon. 2011



Measuring the quantum way

Quantum Sensing

● Quantum systems can be very 

sensitve to external felds

● Harness increased control & 

measurement capabilites on them 

to measure with enhanced 

accuracy

● Goal: improve precision

Quantum Metrology

● “quantum efects enable an increase in 

precision when estmatng a parameter”

● Uncertainty scales with no. probes N as 

1/N [QC,QQ] vs. 1/sqrt(N) [CC,CQ]

● Goal: ‘ultmate’ precision limit

● Giovannet et al., PRL 2006, Nat. 

Photon. 2011

How do we measure something?

1. Prepare a probe

2. Probe to interact with system

3. Read probe



Q. logic molecular spectroscopy

The Challenge: Willitsch lab, 2010

– N2+ in ground vib-rot state, |v=0,N=0>

– State identfcaton by LICT – destructve

X. Tong et al., PRL (2010)



The Team: QI + Molec. Phys. + Basel:

– Molecular hf structure N
2

+

– Q. logic spectroscopy 

– State-dependent forces & phase gates

e
i t Oσ z P↑(tO)H

+
H0

? (recycled)

Q. logic molecular spectroscopy

J. Mur-Pett et al., PRA 85, 022308 (2012)



Q. Logic Spectroscopy + State-dependent forces  

= a non-destructve measurement protocol
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J. Mur-Pett et al., PRA 85, 022308 (2012)

State-dependent forces lead to 

state-dependent phases ϕ
mn
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Ramsey sequence

A new spectroscopy protocol
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How-to: Zeeman spectroscopy
Spectroscopy protocol + Structure calculatons

O=μ

Measure P
↑

Obtain phase Φ
O
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Structure calcs.

Know your

quantum state
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PRA 85 022308 (2012)



Q. sensing protocol extended:

– molecular EDMs

JMP & JJ Garcia-Ripoll, APB (2014), PRA (2015)

– frequency comb CEP stabilizaton

A. Cadarso, JMP, JJ Garcia-Ripoll, PRL (2014)

Q. logic molecular spectroscopy
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Quantum impurities

Impurity in quantum system

- Spin-boson model

- Polaron problem

- ...

Recat et al., PRL 2005

Catani et al., 2012

Fukuhara et al., 2013
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Eigenenergies of a Rb-87 atom

Double well potental formed by the

dressed-atom Adiabatc Potental
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Quantum impurities

Impurity in quantum system

- Spin-boson model

- ‛Polaron’ problem

- Quantum probe

Recat et al., PRL 2005

Catani et al., 2012

Fukuhara et al., 2013



Q. Probing 1: Work statistics

Dorner et al., PRL 110, 230601 (2013); Mazzola et al., ibid. 230602 (2013)

(=qubit)



Q. Probing 1: Work statistics

Dorner et al., PRL 110, 230601 (2013); Mazzola et al., ibid. 230602 (2013)

(=qubit)



Q. Probing 2: Thermometry

TH Johnson et al., PRA (2016)

BH system

Tasaki-Crooks relaton (TCR)

β

β

‛fwd’

‛bwd’{



Q. Probing 3: Correlations
M. Streif, D. Jaksch, JMP, in preparaton

BH system
(= qubits)



Correlations: Numerical results
M. Streif, D. Jaksch, JMP, in preparaton

C(0,j) (Bogol.)

Simulated RHS

U/J=0.1

N=M=1000

g1=g2=0.5

β J=1

sims=100/j

*

*
* * * * * * * * *

*
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Q. Fluctuation Relations (QFRs)

– Strict equalites vs. ‛thermodynamic laws’, e.g.,

– Derivaton assumes inital state = canonical

TCR: Tasaki-Crooks relaton

‛fwd’

‛bwd’{
β

β

Q. Jarzynski equality

β



A quench in 1D

Split a 1D gas quasi-adiabatically [Schmiedmayer/Vienna, 2012]



A quench in 1D

Split a 1D gas quasi-adiabatically [Schmiedmayer/Vienna, 2012]

* Fit 2-point correlaton functons -> Extract Tef

* Apparent thermalizaton with Tef independent of inital T!

   Pre-thermalizaton



‘slow 
split’ 

‘fast 
split’ 

Another quench of the 1D screw

Split a 1D gas non-adiabatically [Schmiedmayer/Vienna, 2015]

Two-point correlaton functon vs. splitng rate:



‘slow 
split’ 

‘fast 
split’ 

Another quench of the 1D screw

Slow split: Correlatons well described with Gibbs distributon with... Tef 

independent of inital T: Pre-thermalizaton

Gring et al., Science 2012; Langen et al., Science 2015



‘slow 
split’ 

‘fast 
split’ 

Another quench of the 1D screw

Fast split: Need up to 10 diferent ‘temperatures’ to ft!

=> Memory of conserved quanttes: generalized Gibbs ensemble  

Langen et al., Science 2015
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Recall Q. Fluctuation Relations

– Strict equalites vs. ‛thermodynamic laws’ [e.g.,                   ]

– Derivaton assumes inital state = canonical

TCR: Tasaki-Crooks relaton

‛fwd’

‛bwd’{
β

β

Q. Jarzynski equality

β



QFRs for GGEs

– Can we derive q. fuctuation relations if initial state = GGE?



QFRs for GGEs

Generalized Tasaki-Crooks relaton(s)

Generalized Q. Jarzynski equality

Equil. Q. Thermo with conserved quant’s: Guryanova et al., & Halpern et al., arXiv:1512*

– Can we derive q. fuctuation relations if initial state = GGE?



QFRs for GGEs

Generalized Tasaki-Crooks relaton(s)

Dicke model: fwd and bwd P(W) afer quenches - preliminary



QFRs for GGEs: Outlook

– Can we derive q. fuctuation relations if initial state = GGE?

– Dynamics of relaxaton with conserved quanttes

– Extract ‛generalized’ work?

– Probing with new QFRs? How to couple to conserved quanttes?



✔ Quantum sensing
✔ Molecular spectroscopy

✔ Quantum probing

✔ Thermometry

✔ Correlatons

➢ QFRs for GGEs

Summary
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Thank you!

Contact me at  

jordi.murpett@physics.ox.ac.uk www.quprocs.eu


