



































































































































Lecture 10 18.11.3020

cavity Cooling

II Quantum Picture

Now flot we ve see Lo quantum
spectral densities look let's get back
to quantum treatment of city
cool i 9
L t's suppose Hot our m Co r c

mode Lor o ic oscillator is coupled to

the radiation field of a co ite

Moccoicol
Mode

w res Guity radiation
freq w field

The coupling goes though a radiation

pressure force F whose spectral fo sity
is

is

SFF Cw Ect Eco jot It
is
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Noise E at the oscillator Fraga ray co

co caus t o sitios s beta on its L r o r c

oscillator eigenstates If F is s oh not to

raise Los short correlation time we

c use perturbation floor to do run the

transition t s O o finds 1 Lot tho

t o sitio rotc fro r to fr I is i

rel F Fl w xsfr.tw
a of from In to In I

T XzpI

y
i I Sff Oo a 5 61

Forni's Soe Rau Mod Alys 82 1155 2010
Golden
Rule for details

What is Sff from first on pressure in H

opt.co co ity Classically e rote
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TEN two

Cocity
length

Quantum

za
n b operator for

f two cocity photons

For a fluctuating force F acting or a

gao tu Lor o c oscillator we can say

that e Love extra to i TG

ft to i i

I F xzpf sites F

This fluctuating forces will cease transitions

t co o c Voter ego States The correspond
Form Golden rules rotas come from e

application of time dope da t porturbation
theory o K are related to Sff co

As slow before the transition note from

o c storo.ge state e to Ine l is



r rel Ser C w Gel T

and from 1ns to In I is

KEI SFF co Td

Given these notes we or write a

roster equation for TL probability of

bei in oscillator state In pea
t o sitio s into In

1 nrgpn.it Nti Tt put

retype Kei rgpn
transit out of In

Note flat 44 rays energy of 14 oscillator

is

LEAD 7
Kw nets pit

Its tin Iori otic is the

Entwines



E

7 Kw re E nm pre del Tapu

c IZ Kw melzer ntl Tr pm
we replaced n e r l

me r

t t.Z.tw quiz 1 gripe
we replaced q ne i

r z I

FZ.tw me purr t.Ehw.npr.rs

IE II too.Cn I pn ra r
oct

t.I.kw.pe'z roars

two
2

ICE kwo fq.ir CE re rrz



two KE Sff w x f FC o

Xt

L E SFFWo SffC o

SHE

I
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ICE
I e dissipation r
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P represents TC heating of tca oscillator

by the noise source and E represents
the damp y

of the oscillator by the

noise source TL Looting effect

is the result of a ro ko force casing
the oscillator's momenta to diffuse ca sing
E to grow

co ly in time this

is due to fl symmetric in frequency

port of tle que tu spectral density
Sff w Sff C w TL damping effect

is caused by TL not to do ay of the

noise to absorb energy from rather t

omit
energy to 1Co oscillator This is due

to the symmetric i froguacy port
of the quantum spectral density
SFF co Sff C Oo

This yields 11 p o a version of

the fluctuation dissipates floor

If the system is in thermal

equilibrium the the t o sitio rotas

must satisfy the detailed bolero
r lotion



n l

Iti SFF w I Sff co

I c I
I Stiff

SFFC as

it Stec
SFF two

Recall that at Her I ya b ice

E too I t.eu hw.Cr I

I

Th r fore i

Kus SFF co
e

SFF a

This shows us to foto tho symmetric o K

syn In a spectral fo sitios

SFF co Sff C w
e TEE

Ser Wo SFF Foo y e IIF

coth Fj



flu Ser L w coth 57 Ser w S w

Sff Wo quo tan 2kW T w

version of
symmetric quarter single sided z o tu definition
spectral density PSD Ifloo of dissipation

5 felon coth Iff 2kW Tcu

Noise o ol dissipates ro r Istaf by
temperature in equilibrium
This is the pasta corsion of the

Fluctuation Dissipation theorem

For L.gl temperatures test too

we r co o th class of fluctuation

kiss p tie fl ero i

Iff Coo
I tE

2kW Tcu

2
2 44 Tho

Koe
Kot

Ser w t Kot Tcu I



Not 1 lot Ho ya ta version of

C Fluctuation Dissipation theorem co

b o rift in forms of the rage

occupation number T since i

n

jI I

2 e4357 I e 4 I
2 I c I ETI i too

east I

2 a I coth IIIT

Iff w 2kW 2 1 r w

1 his expression also shows us to

solve for fl o o ago occupation
can be give a know pasta
spectral density of Force fluctuations

I rr.ca2 I c I I
2kW T W

Sff Oo SFF CWo
2T a I

SFF w SFF w



Sff w
I

Sff Wrs SFF ero

l In Strike
SFF Go

Give a quo to forces noise spectral density
we co ro see what its effect

will be o fl modonical mode's scorage

occupation number T

1 Ln is spectral density of His optical
force is given by

K
2 Ser Cw tee E

c S5 E 2

a A
SFF 2 photon slot noise

spectra

µ

T S w w is theO w L C

D we we cocity Irfan



Assa ing 1Let the Force oise due to 1Co

co ity dominate o r of Lo Sou c s this

implies Lot optical domping do inches o o

int i s c do ping Ipt 7 T a

co use i o d 2 to solve for
Cc Ppc brian occupation number rt

In coots woes

w c b 2 Kz

6 a s e Kz
r

twos

The plan occapf o T is minimum for

a c city do far given by solving

ace
Is O for S

Sun J co 2 Kz



For high finesse couity we have 44 so called rosol of

side book rag n i co K i

Sn E w

K 2

in

TL for to cool

74 n de iced
resonator the oui

K should be oh and

the n al real froze ray

U Could be forgo

G opli.rs E p o oti

Cool mechanical mode

red Kotaro cavityn.deLaser K

Wu wa
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D Coc Wc



A loser photo wa co b n o with a

phono fo Ho resonator as to

produce a c city photon Wa this

extracts phone s fro r s Ior s E

looses photons in the c city

FL r ro se ca also be done for

a dotanig of S w K o se

1 so photo use excites a Pho o

f the senator w not a

cavity photon Wa

floating mocconical mode

Cauity blue data
mode s s

We L
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