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Radiative forces — trial and errors
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A comet’s tail is formed by matter that Commuters are adamant that the Danube is far slower in the
the Sun’s rays chase through their morning when the Sun’s rays counter its course than in the
impulses outside the comet’s body afternoon when they aid it

Johannes Kepler, 1619 Nicolas Hartsoeker, 1696




-ctu re 4 — radiative forces

|. Reminder from previous lectures
Il. Radiation pressure
Ill. Application to atoms cooling

IV. Dipole force

V. Application to optical tweezers



‘Reminder of previous lectures - rates

Lecture 1
Lecture 3&4

Intrinsic line shape
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‘Reminder of previous lectures - populations
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evious lectures - methods

d

. T —n, >~ 0 I

Adiabatic elimination dt )
@

If one dynamic is much faster than all the others, C( )

consider the corresponding degree of freedom is always at steady state
g
Perturbation method

Starting from equilibrium, we add a small perturbation. AEn — <¢n ‘ V|w’n>

the response of the system can be estimated from the steady state properties.
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e — a haive approach

Momentum balance on photon reaching the well between t and t+dt

““VV\ANW’ ’W\W/W p(t+dt) —p(t) _ r
AW\M[W» dt — Lwall»y — —'y—wall
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hve C C

cdt

p(t) —n X Sedt x bk = L % S cdt x Bk Is the wall always able to absorb a photon ?
hve

dE =n x Scdt x hv = 1.5dt

Absorption <-> Emission. What about the emitted photons ?

p(t+dt) =0



‘Radiation pressure - semi-quantum model X
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Momentum balance

%patom — FRP — _nerrspthkspt (t) — nerstimhkL + ngTabshkL

Average force over many cycles :

<FRP> — (ng'rabs - rnff?,?ﬂstim) hkp = 1j—s g hkr,
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Radiation pressure [ ]
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Low intensity limit : <<i ShFQkL — %U
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Steve Chu, Claude Cohen-Tannoudji, Bill Phillips

1997 « for development of methods to cool and trap atoms with laser light. »
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l. Introduction to PHY208



trap
center

Force acting on bead

Extension

Laser beam
Glass surfce

|. Introauction to PHYZU3

re is not enough !
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Arthur Ashkin

2018 « in particular "for the optical tweezers
and their application to biological systems" »
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Recoil
(Emission)
Recoil
(Absorption)
Momentum balance
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Admitted, not proven :

ho Vs ho
Fpip = — — — —V—log (1
Dip = 5, TV g st
Ubip
Optical dipole potential:
ho hT? I
Ui =—1 1 ~ — —
Dip = 5 log(L+9) = 7

Lamp (or light) shift

[

....................



A semiclassical approact
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Electric field E(r,t) = R (E(r)e ")
Atomic dipole p(t) = —er(t) =R (ag(r)e—iwt)

Dipole potential
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' Asemiclassical approach (cont

Upip = — 521 (r)

2606

Atomic polarizability
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Converging lens
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Converging lens

Upip(r) =

RT?2 I(r)
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Converging lens
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‘Optical dipole trap - competing effects

7 106 40K atoms at 2pK.




sage

Atom in a laser beam => 2 forces
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Radiative pressure

(Frp) = 2=+ hkyp
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Dissipative force, X"’
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Dipole force
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Reactive force, )’
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Application :
Optical molasses

Application :
Optical tweezer

26



