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Superconducting Qubit

Energy gap between levels is 
different



Temperature

𝑝e

𝑝g
= 𝑒

−
ħωge

𝑘B𝑇

Occupation by 
Boltzmann Distribution

Depends on Energy gap
and Temperature



𝜑i- Pure state Response

𝑝i- Pure state Probability

Measurement Response

𝜑 = 𝜑g𝑝g + 𝜑e𝑝e + 𝜑f𝑝f

Thermalized State

Measurement

*Finite Temperature



Measuring Excited State

𝑥0 = 𝜑g𝑝g + 𝜑e𝑝e + 𝜑f𝑝f

𝝅𝐠𝐞

𝑥1 = 𝜑g𝑝e + 𝜑e𝑝g + 𝜑f𝑝f

Inverting population 
by applying a pulse



6 outcomesPossible excitations in 3 level systems

6 possible outcomes 
possible



Systematic Measurements

1. Photon Temperature 𝑇MXC using RuOx

2. Population (all 6 iterations)

3. Qubit Relaxation time 𝜏1

4. Ramsey oscillations 𝜏2
R

5. Hahn echo 𝜏2
E



Extracting Temperature

𝐵2 =
𝑥1 − 𝑦1

𝑦0 − 𝑥2
= ⋯ =

𝑝e − 𝑝f

𝑝g − 𝑝e
= ⋯ =

1 − 𝑒
−

ħωfe
𝑘B𝑇

𝑒
−

ħωge

𝑘B𝑇 − 1

Solving System of 
Linear Equations



Extracting Temperature 9 Ways to Calculate 
Temperature



Extracted 
Temperature

•  Gray dashed line 𝑇eff = 𝑇MXC 

•  Red/Blue/Green: Different devices

• Axes: linear, y origin offset

𝐵2 =
𝑝𝑒 − 𝑝𝑓

𝑝𝑔 − 𝑝𝑒



Deviation Mechanisms

Multiple Heat 
Sources Quasiparticles

LOW T HIGH T



Source of Heat

Mixing Chamber



Source of Heat
Mixing Chamber

Environment 1

Environment 2

Environment n-1

Environment n



Multiple Bath Model

𝑛eff =
1

𝛾1
0 ෍

𝑖

𝛾 𝑖 𝑛𝑖

𝑛eff 
Average photon number over 

different baths, weighted by their 
coupling

𝛾1 
Qubit energy relaxation rate

𝛾1 = ෍

𝑖

Γ↓
𝑖

+ Γ↑
𝑖

= ෍

𝑖

𝛾 𝑖 2𝑛i + 1

𝑛i =
1

𝑒
ℎ𝜔

𝑘B𝑇 𝑖 − 1



Two Bath Model
Mixing 

Chamber

Environment

𝑛eff =
1

𝛾1
0 ෍

𝑖

𝛾 𝑖 𝑛𝑖
𝑛eff =

𝛾MXC

𝛾1
0 𝑛MXC +

𝛾env

𝛾1
0 𝑛env

𝛾1 = ෍

𝑖

𝛾 𝑖 2𝑛i + 1
𝛾1 = 𝛾MXC 2𝑛MXC + 1 + 𝛾env 2𝑛env + 1 =
 = 𝛾1

0 2𝑛eff + 1

𝑛eff =
1

𝑒
ℎ𝜔

𝑘B𝑇eff − 1

• 𝛾1 
Qubit energy relaxation rate

• 𝑛eff 
Average photon number



Temperature – Photon Number

𝐵2 =
𝑝𝑒 − 𝑝𝑓

𝑝𝑔 − 𝑝𝑒



Coupling Strength

𝑛eff =
𝛾MXC

𝛾1
0 𝑛MXC +

𝛾env

𝛾1
0 𝑛env

Ratio of coupling strength is 
deduced from the slope



Guessing Environment

Environment coupling and 
temperature are obtained from 

“Best Fit”

𝑛eff =
𝛾MXC

𝛾1
0 𝑛MXC +

𝛾env

𝛾1
0 𝑛env



Effective Environment

Environment

≈100-165mK

Mixing Chamber

Saturation 
Temperature

𝑇eff = 65 − 85 mK



Theoretical Confirmation

𝑇eff ≈
𝛾env

𝛾1
0 𝑇env

• Hot environment 
ℎ𝜔

𝑘B𝑇𝐞𝐧𝐯
≪ 1

• Strong coupling to MXC 
𝛾MXC

𝛾1
0 ~1 



High Temperatures

High Temperature 

Regime

Quasiparticles

Temperature dependence of  
𝜏1 and 𝜏𝜑 



Quasiparticles

• One sample

• Different ways to measure 
temperature



Relaxation Time 
• Significant changes at T > 

180mK



Including Time Evolution of states

Theoretical Model

• Solid line: Time evolution 
during readout

• Dotted line: Time 
evolution during readout + 

imperfect pulsing



Model-Experiment

Theoretical Model Experiment

• Model predicts the error 
seen in experiment



Probing Environment
• Could be bad qubit

• Could be hot environment



Setup



Devices



Applications

Microscopic thermometer

Probing environment temperature and coupling



Conclusion

Thermometry done 
based on 3 levels of 

Transmon Qubit
Range 60 – 200 mK 

Deviations well 
explained by two-bath 

model and 
Quasiparticles

Analysis determined 
effective environment 
temperature as well as 

its coupling strength

Niche Applications

Conclusion



Thank you!



Appendix



Limits



Ramsey Echo



HIGH TXMC

High Temperature 
Regime

2 Components to consider

Multiple Heat Baths Quasiparticles



HIGH TXMC High Temperature 
Regime

2 Components to consider

Multiple Heat Baths Quasiparticles

𝑇eff ≈
𝛾MXC

𝛾1
0 𝑇MXC

RESULT
• 2 Taylor expansions 

assuming ℎ𝜔

𝑘B𝑇
≪ 1

• Weak coupling to 
environment 



Occupation Probabilities
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