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use Rydberg excitations to 
characterize cold atoms: 
temperature measurement

... we’ve got as far as one dipole trap



87Rb atoms in a magneto-optical trap (MOT)
T ~ 150 micro Kelvin («frozen gas»)
N ~ few 105 

size around 150 microns

Exciting and detecting Rydberg atoms
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840 nm

light shift

trap frequency



5S

nS

6P

continuum

photoionization

• measure number of atoms in dipole trap
using photoionization

• measure trap frequency via parametric
heating / loss
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• Can realiably detect
very small numbers
of atoms due to 
high ion detection
efficiency
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Measuring atom temperature using Rydberg excitation

standard method: time-of-flight → map momentum distribution to spatial distribution

R. Hobson et al, Rev. A101, 013420 (2020)



Measuring atom temperature using Rydberg excitation

standard method: time-of-flight → map momentum distribution to spatial distribution

drawbacks: need to know initial spatial distribution; assumes uniform temperature in sample; 
doesn’t work well for small atom numbers

R. Hobson et al, Rev. A101, 013420 (2020)
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measurement of Doppler broadening at room temperature ↔ measurement of temperature  
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Small intrinsic linewidth of 
Rydberg transition of a few
kHz means good
(theoretical) temperature 
resolution down to a few
hundred nK!
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atoms in MOT

T ∼ 200 µK
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T ∼ 40 µK

optical molasses cooling

Measuring atom temperature using Rydberg excitation



T ∼ 15,000 µK

resonant heating
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• Leave magnetic field switched on and 
measure total broadening, including
Zeeman shift due to locally varying
magnetic field (linear gradient)

• centre of MOT does not coincide with 
zero of magnetic field (probably due to 
imbalanced MOT beams)

How do we know that we are measuring local temperature?
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ballistic expansion

fast atomsslow atoms

effective cooling
at centre of cloud

How do we know that we are measuring local temperature?
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Other applications: measurement of energy transport; 
link between high-temperature and ultra-low-
temperature measurements

Question: is the temperature in a MOT uniform?



Conclusions

• Rydberg excitations are useful for characterizing cold atom
systems

• Dipole traps can be characterized using photoionization and 
Rydberg excitation to measure the trap frequency and light 
shift

• Temperature can be measured with spatial resolution using
Rydberg Doppler broadening thermometry
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