
Lecture 18 - 11/8

Announce :

At week (11113+ 15) ,
I'll be gone

=D

111 13 ,
does will be at Go'dod (instead of3)

11/15: dan will be taught by Abigail

Program :

Line shapes & Broadening
· Many-electron atomes



z) Line shapes
~ Recap/Motivation
-Ideal lieshape for measurement : Rabi transition
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P =a sin det transition probability
- General approach
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I gives same short-time (tx2) monodromatic
lint as Rabi)

b) Homogeneous & uihomogmeous broadening

geneous" : all atous (or molecules) in the



system have identical line shape functions .

Examples , natural line shape ("Liftin Gr
.) , pressure-

broadening
line shape : typically Comutzion
nhomogeneous": differnt (micro-) environment for
diffont abones .

=D total lineshape is arrage !
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most important example : Doppler

typical lineshape : Gaursion
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(Note : this is the limit of -0 !)



· Dopple broadenig
oppler shift of atom with velocity o and resonance

frequency wo :

w = wo+E . F
w - kr

E

wthr

I w =means aen ⑪

Fraction of atoms with velocity between ~ and ve do:

② fir) do= itae = t most probable
elocity C

Maxwell - Boltzmann distribution

L
-① +& = D & pouptor (10) "vita wo

e a) with DW=

w-wo

"spectral density" , "form factor"
-D FWHM

: swapte=2V = 2 Itch

for Hydrogen & RT =
<= 2230 *

S

SCO Dopp
-

2π
~ 6(Hz)s = 600nm

- Power broadening
- * natural lineshape
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(see Budkers .7) E Lorentzion
↳Wpower



-Pressure broadening :

colliding atoms (dalic) =s motion is geverned

by diffusion .

=D collision time = correlation (colunce) time Ic
s wonssure

- #
Lorentzian (because differsion affects all atous

equally)
- Dicke narrowing

some elastic collisions don't chilol colurnce of atoms

2 . g .

With buffer gas (e . g . He)
-D Dopple broadening is ked

Diffusing atoms :

P(z ,
z! 1) = probability((z ,0) -(2, t)]
-
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Ideal gas : D= l: mean free path

-
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- transit turie broadenig
ons transit through iiteraction region (e.g . laser

beam) during time window:

-

Ecos

= teie-icot
it te

=

G transil (d) = wit
=D Altransil I

For v = 500 ,
laser beam width I mi

=>I = 2 .10s- sttransit 2
.
8 MHZ

Budber 3
. 13)

typically Gaussian



a) Mitigation of broadening
Often easy/possible tomake line width narrower :

-measure longo (often : sw x it or similar)
- "split the live t
- for inhomogeneous : smigle out atoms

example : Doppler-select sigle velocity element
I"hole Garning" (

example : spiri echo

in geneal : vihomogeneous livi broadening
can alwa be mitigated-

- homogeneous : often only made better by increasing
measuring bene T =D Ramsey ?

Life times :

T : population life times (typically T = 5)I

Is : coluce life time (i. e . decay rate of off -
diagonal density-matrix elements in the
ideal care

,
e

. g . single-atoen
T: ral measured decoluence time Inivose of

inhomogeneous broadening) - often orders of
magnitude larger than T

, , Te

Ramsey intofroutry
Zumember

: probability of transition vito) excited state :
-

P()=: Sine s +

lideal care col decay neglected (



-D livewidth of this determines precision , measuring
tinie for - pulse :

I
= Is =D limewidth ideally i =
small or =D narrow him = long <

compounded/lnited by decolence

Ramsey's idea : two -pulses replace it pulle

=> Interaction - fre evolution - viteract
(no technical noise)

nee
Tar ta
Metee

ther ( for s-07 :

2 sw .T
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=1 sw = for one fringe . T iNoxly by nation
decobruce "

I see Is clock example)


