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Clocks 

Local%Oscillator%

Atoms%

Counter%/%

Output%

The$ second$ is$ the$ dura/on$ of$ 9,192,631,770$
periods$ of$ the$ radia/on$ corresponding$ to$ the$
transi/on$ between$ two$ hyperfine$ levels$ of$ the$
ground$state$of$caesium$133$atoms$(1967)%



N:%Number%of%atoms%

f0:%Resonance%frequency%
τ:$Measurement%Cme%

∆fa:$Linewidth%of%transiCon$

3x10)13*/τ1/2.*Proposed*instability:*

A compact cold atom clock 
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An atomic clock 

Rb%

Lamp%

Rb%

Gas%

Photodiode%

6,834,682,610.904290(90)%Hz
%

795%nm%

Not%miniaturise]able%

SoluCon:%

%transfer%microwave%via%opCcal%

frequency%f0$

∆f$

=%4.4%cm%



Getting past cavities 

frequency%



Getting past cavities 

frequency%

377%THz%

3.4%GHz%



Getting past cavities 

Carrier%+%∆/2%

Rb !
Gas

Carrier%]%∆/2%
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Thermal atoms
Coherent%populaCon%trapping%



Atomic%collisions%are%bad% Wall%collisions%are%bad*

Add%a%buffer%gas%of%inert%gas%

f0$

Solu<on*2*Solu<on*1*
Use%a%completely%pure,%

trapped%atomic%gas%

What about accuracy? 



Simple physics … or physicists 
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How to get cold 



Innovation in laser cooling 

Micro-fabricated Grating MOT

Nature Nanotechnology 8, 321–324 (2013)



Coherent population trapping!
Cold atoms



Step 1 Step 2

Step 3
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Coherent population trapping

Compact measurement device 



Coherent population trapping!
Cold atoms
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Coherent population trapping!
Cold atoms
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The parameters of the thermal system were studied along with new 
parameters in order to find the lowest FWHM



Compact quantum measurement:
Towards a compact cold atom clock

N:%Number%of%atoms%

f0:%Resonance%frequency%
τ:$Measurement%Cme%

∆fa:$Linewidth%of%transiCon$

Using what we have achieved so far and subbing these values into the instability 
equation, predicts we have a compact clock with an accuracy to the 
7x10-9 /τ1/2 . In the coming year we aim to reduce this value to 3x10-13 /τ1/2.

Using what we have achieved so far and subbing these values into the instability 
equation, predicts we have a compact clock with an accuracy to the 
7x10-9 /τ1/2 . In the coming year we aim to reduce this value to 3x10-13 /τ1/2.

10)9*/τ1/2*
<10)12*/τ1/2.*

Current*value:*
Aim*for*coming*year:*



Proposal 
Stability%of%10

13
%in%a%sub]litre%package%within%five%years%

]  Ultra]high%vacuum%required%

]  Low]noise,%medium]power%lasers%

]  Robust%against%%

]  vibraCons%

]  electrical%noise%

]  magneCc%noise%

]  external%temperature%

Obstacles:* Solu<ons*
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%ELECTRONICS%%

%COLD%ATOMS%%
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