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Lecture 1 PrecisionMeasurements withatoms

keywords Atomicclocks fineandhyperfinestructure

parity men conserving interaction LIGO

Whyare atomsgoodfor precision
measurements

Atomicenergylevels are welldefined

Atomsare identicalparticles

Easy toprepare in differentstateswith lasers

Howprecise do we need

GPS trilaterationfromfewsatelites
Precision Im t Llc
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How is itpossible that one can measure something to do 19digits
Atom interferometry ideafrom laserinterferometry
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Equation

step1 prepare atoms in the g state 1g
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steps make a superpositionstate lig tie

firstbeamsplitter
step wait for t lg éiwoties

step4 apply the 2nd beamsplitter Details see next
slide
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Lectured RadiativeProcess and Rabi flopping 9 30 2021

Radiative excitation Foot7 and7.3.1

Cs clock 187,34 EnergyseparationEa Es 4 9192631770Hz

Sr clock

P

P g
Energyseparation 4 429228066418007Hz

it 2,4 144 IT H two const 52,4 Woy Yettycoséiat

Nowconsider a 2 level system is
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Show that u e it ok Ucoto Uco V10 UCT 9,8 UCT 1

Theonlything we need to do is to implement a rotationoperation which is

thetransitionbetween ig S ie

Howdo we induce a transition

Lasertransition Electricdipoletransition interaction V d E I 1 Tron

Considerhydrogenatom as an example
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Microwavetransition Magneticdipoletransition int V M B

V MB OE B guÉ B T gyro magnetic ratio

g g factorM I transition
L angularmomentum

MB Bohrmagneton

Ingeneral I comesfrom e as I h t 5 orbital A spin angularwomen

g 1 for orbital gas forspin
There is also nucleus spincontribution E hi which is muchweaker

Cs atomic clock is based onMwave transition
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We arrive at the same H hw o the b cos at

Ournextgoal is to solve

Schroedinger's on
withtheaboveHamiltonian
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Unfortunately no analytic solution We will introduce2 methods

1Perturbation assume light is weak

0thorder light is off atoms in thegroundstate 9101 Y
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A W Wo o

ji jewsonance
occurs when a o

2 Rotatingframesrotatingwaveapproximation RWA

Idea go to theframe that corotates with the laser
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This is therotating wave approximation
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Now we can solve it analytically

Assume 17 07 1 Act o o weget
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Derive theformof U't in therotating S Labframe



Plot thesolution 191 EI sins It
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period 271s also calledRabiperiodor 2Tpulse

This is calledRabi flopping
100 oscillation occurs on resonance

Aresonantpulse that lasts for 27s is called a 2Tpulse

Aresonantpulse that lasts for Me is called a Tipulse

Aresonantpulse that lasts for Ths is calleda Tila pulse
Consider max transfer Tipulse on resonance t Tyr We have

Rabi Spectroscopy
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consistentwithHeisenberg's uncertaintyprinciple


