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let us noweply this famolism to study the

interaction of atoms with on E .M . field

we found generat frumla

drig
it. (i) imw(f) i)i)Ifle

Approx

Importicular , we consider on HYDROGEN ATOM

Chydrogen-like with gard 2)

(i) = Ini , li ,mil ; If> = 14g
,
ef
,
my

(fri)=ridr Rne(r) Rnei(r)
~ Jaz Ym(0,

e) Yemilie ir



wate
.. = r() =

= Exintanc + Exainting + Ez and

↑
we moperstubsupt "t" to simplicity

now
,
remember that

Y:015,4) = Fund

Ye
,
= 1
(0
,4) = = Sinc Fig

= Fund [cy tiony]

=>

ut= Yoa



which gues

= Ye+ 2]
=> THREE POLARIZATIONS OF PHOTON

m = 0
,
1
,

- 1
SPIN 1
-

this is convenient because now angular interation

can be perfered using properties of spherical hamonics

with Yem(d,4) with m = -1
,

0
,
17.

un far-ja fo ind
Fas fren Jay , remembering dependence

of spleical hormonics on I

Yem10,4) a eme period
all dependence an p is her
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<fli] = dr Rngef(r) Rnei(r)1
.

Sad( .... Time im im
-
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-2Ti (my -mi-m))

-

im mi-m]
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my
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mi E I
,
if me-mi-m + O

ther e-Ci (mf-mi -m) = 1

resultnPeo

Only exception of Mf-mi-m= o => my-mi = M
=10, 1)

Sady = 2
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-icm-mimly a Omf-mi e

this plowdes a first SELECTION RE

=> im Dipole approx
,
traction can hope

CONS Of

only if my -mi = 1-1, 0, 1 ] Anguar MoM !
PHOTON SPIN 1
--

Now
imague

we rotate reference system such that

& =10
,
0
,
42) = = (EX

, Ey ,
0) fo

photon momentum

in this cose Yeo is missing in orignal frumla

so Mf-me = h-1 , 1]

SPECIAL Case (=/decoy to ground state)

=> M = -Mi
where m is the polntation

of the photon ! 5



so if mi = 1
,

atom poloitedalong poutre

zatis
,
then photon has m = - 1

· is Y

ATOM In Mi = 1
,
decoys to My = o

emitting a photon which corres argulir
momentum dang z ois !
-
-

17

zitspie Extidy is left-circularly polonized
E

photon with spir

2 Along its checkou of

motion
⑨

=> POSITIVE HELICTY
-
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What about t integration ?

Let's consider to simplicity decoys to ground
state IS

,
much that Yetme = Yo : Fit

thenangular integration reads

↓~ Jac Ye
,
mide)Keimi

I
t Ge

,
2 Smi

,
-m-uTT
↑

↓ this part we already
discussed

IMPLIES initio state must de l =1

In DIPOLE Approx only up -> 1s traction

are
allowed

=> DOMINANT TRANSITIONS
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IMPORTANT: therea no ns + mS
-
-

trontious (zero-zer (

=> if bi = If = o we are left with

Soon You Yeme Yerimi-She Yem 7
All zero !

MeIn General if lito l + o

one has to accounthr Ital angula momentum

bi = initial ; Le = sum(le , It proton
Addition ofangula momentum gves

If = 4ef + 2, If , 19e-11] since l= 1
-

must be equal to l g
-



= conservation of angula momentum becomes

lf- li =D4- 1,0 , + 13

let us consider St = 0 in particulor . This would

mean that some truction like 3p-Cp should

be allowed.

PARITY ques
extra constraint

.

In fet

<fris-SYeme Yemi F

PARITY TRANSFORMATION sends + F

Yegme Yenmi +- 197
+ey

Ponty inveience requires therefore that Cf +bi = ODD
-

PARITY Of STATE MUST CHANGE 3p-2p not

allowed
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SELECTION RUL

-I z In DIPOLE APPROXIMATION

On top of this , if VH)= . p

this has no spir dependence
,

so it CANNOT FLIP Spin

-Et Spir election
rule

Notice that while angula momentum MUST

BE CONSERVED
,
Al = 11 es a consequenc

IS ONLYThe In Dipoce Approximation

=> expanding (f)eEr 11) to

higher orders (MUCHPOLE EXPANSION) allows

transilious with (DelL1

QUADRUPOLE Allas -=2 etc...
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At higher orders
,

or if weodd a moretic feld,

we can also generate AS #O trourlious

I see exercises (

IMPORTANT the selection role that vidates
-

ns + ms trutiousis

ABSOLUTE
-

lonly pot)
-

ExPLICIT Case : 2p -> 1s transition

After having studied the Dipols matix element

in gard ,

and discussed voious selection rules,

let us now consider on explicit calculation in

order to get a feeling of the numeical

impact of these decoys => decoy probability

and life-time of excited states.
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T

<fili) = Far R*no(r) Rey (r)1
.

So 48 10
.
4) Yam 10

,4) F

where I used

(i) = (ep) = 121m) ; 1f) = les) = 11007

Let's evaluate radia andougula part

explicitly .

We get

rvs(2(32-Er]o

=-zk
-
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Angular port gives instead

far Yam10,2) =

↑ I recate this in tems of spheical homY

= for Yam(3zY0 +- ye+)

=30+ -Edg [m
,
1+

Product of the two integrals gres !
<fri)= ( ...

J

now we need to compute(f) 11) 12
13



from the voious konecker Sig we get

Kflis = 96(520(8)

~ [im ,
0 <E + 110m, + Om,-1)(3= j)]

As all non-products are zew dmodme = o etc

A Tel m2w2
dtepees =

mor y
Kf117 g(E) dE

from DIPOLE APPROX ! 7
you computed GCE) for photons in exercises

I
If we work in volume V ,

we have

din = cddpydz ving Pi=

= photon has p=E
is
-



nou dr = d&k dk = de(k)d
2

& photons k=
CE = tw)

V ↳352
di n dE JlEf-Ei +tw)-

3to f(E) dE = (ith) > ↑
Fixes photon energy !

E = ww = mc (2)(1-] =E
-

w = 3m(2) on frequency !

andputting everything together we get

I

di
+ I fl 17 &lk

2p-es
=

-ms Y
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2

--mode
=()[(im]
withw feed before !

we slide need to integrate over directions of

photon momenta dM

recol initial stote 2p can have m = 1- 1
,
0
,
1)

Depending on exoct initial state
,
we need to integrate

always remembering that .E = o <transversality)↓

the expression becauses simples if we onume that

ALL M values an EQUALLY PROBABLE =) We

orece
0
,

1995 in
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in fast , sum because

↳ (Omo+]
= 1/3
↑

normalization cadtion

of polization rector !

remember that photon has 2 polizations It !

to cholly J= !↳ t=/

now integration over doin =hit (nothing depends
on Es anymore)

and we get

<Nep+ ns)) = ()[](012h
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[=22/07 m()
-

photon frequency

2

= 27 m, go=
mc2

3 2

I -2
= 27z

- m5(0 "g

mc
Z
4
= 0 . 62 . 109 zl< Epers] = (2015- 5h

DECAY RATE ~ EMISSION LATE FOR PHOTONS !
-
-

T = I = 1
. 61 . 6- 9s lifetime

remember Pict) = 1 CiCH)" = e-it

exponential decey ! red



Since we have the rate
,
we can compute the

RADIATION INTENSITY Of

&[Iw) = tw · & M
-

photon ↑
rate fr emission

energy of photons

= tw # miwKistidi
mswV

=
~ clorical frmula be intensity of light

emitted byon oscillating DIPOLE of
int

electric dipole moment (frit e
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