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(iii) Size : (r) = j(3n -e(e+1) a

(iv) DE = Z"Ry (i - t)
c) Angular momenture (What happens for Ze ?

or for combination of orbital
general : I = r = p

any Mor ,

and spin ? )
cany angmor) I = y = it ] ⑦

I"(j,xj) = +2j(j- 1) 1j,mi
Iz(gimi)= t m

; (j ,mp Ge
⑦
,

are equivalent

- I= 11 mi) : Riten(mn=1) 1j, ej=1)
Addition I = J,

+ Ta-
-
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[5 : 7) = (I , ]. 7 =
0

[J , , 3 + 0

·cause := I, Ij"= 25.. J2)
-Eigenstates (of coupled any mor Operatory
) "uncoupled representatio :

I j,
m

, Is , ene) : good 9 .
umbos (full desc ofsupter)

but not eigenstate of
I

2) coupled representation"
1j, m

, j , jz) (also good q e. )
eisenstate of I

:

Iz : I, Is but not of I. z . I



= transformation ?

1j , en
, j, ji) = multisen ,s z msim , je , (i)

*②
Ij, M , fi ,

Mz)= Ellen ,jjehit;u je ,Mab

⑰

⑦ : "Cebsol-Gordan coefficient"
only =O for en

, eMz=en

&117-121 j = (jn+ je
11-j:

I =(2; + 1) = (2+ 1)(2j : + 1) S

S
later needed to

Ccalculate transition

dipole clements

· Spin-orbit coupling Spiri 5 : found via

- Ston-Golach
,
but is

I
5 = magnetic moment so far only postulated;
-I does not follow from

they interact !
S

. Eq

His = Vis (r) [ . 5

H = H
.

+ Has does not commute with I
,
5

,
but

it contes with J = +5

([ . 5) = !(j- - s)
= (j: 1) - l(2+ 1) - s(s+1)

sche- E.E1) Gree



Quantum defect
Atoms with one outo-still e ball albali) :

it is ob approximation to use same potential as

for hydrogen (snice effective pobutial same(
But : finite probability density miside in

shell .
(see Foot pil

-short range potential changed !

Vot = Vcoulomb
.
H

+ Ushort-range
!↳ bein Vor r = 0

r- x

-) energy values En follow same rules (Enit
but with diffort u :

E = - Yae
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I Calculational approx :
Central fild approx : see Foot



Rydberg Afors

. Atoms with outer e excited into state with very
high principal quantum number .

Propertin (guesses)
high energy (i . e

., very dose
te continuum limit)

·
large orbits

· looks qualitatively like (luge) H-afore (i . e .,
[mudens +

othere) orbit ,
i

. e . look like nucleus

· large dipole high sensitivity to external fields ,
other

Rydberg atomes , ...

Scaling (from Adams
,

Pritdard
, Shaffe , J .Phip B =3, 012002(2020)

Why ? En-i



· Scaling of (r)) with u ? With ?

S20 : large r dominate behavior; largely independent
of 1 (nodal structure in dominate, ... ) - integral)

sc0 :

-0 dominates
;

I small more important
I because large I has low probability density
near r = 0)

· in general : i replaced by n
*

= n - 8 /quantum defect)
u G 2

= With Bol raclis =aen
= <r) a u

= (w) < u " for >O

- 5) < En < vi
" (s =-1)

= < r3 < x'3 (s<-1) Why ?

- ↳
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- 3
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↳ -

au widep ofi

crassection & < (r) < n4
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Applications
·

very strong unteractious ,

me for : controllable intractive ensembles

· high sensitivity do el
.
DC fields

use for : sensnig
· sensitivity forww,

THE rack .

me for : detecting
· Highlight : Rydbog blockach

dea : my shong interaction between Rydbeg atomes shifts-

transition out of monance .

E
D- Rydbeg- Rydberg r.

d.
W

. niteractionne
⑧

S

Wo

Igr) Al

Wo

1ggY ⑧ ⑧
r I distance between

R Rydery alons (
I"blocude radius")

Normally : for two Rydbeg atoms ,
one photon of frequency wo

excites one atom wile Ir)
, a second photon leads be

Irr .

For small r : -dependent ran de Waals interaction pushes
the Igr)--Irr) transition out of monance .

=> within a radius R
, only one atom can maximally be

excited into the Ryctleg state ,
more excitations are

blocked
.



is is typically defined as the raciou where the interaction

strength equals the linewidth of the excitation transitio .

A few review articles :

Saftman ,
Walker

,
Molmer

,
RMP 12 ,

23123 (2010)

Adams
,
Pritchard

, Shaffer , J .Phy . B(AMD), 012002 (2020)

Dunning ,
Killian

,
www .

scientia global/rydbog-atoms - giants-of-the-
atomic-world/

Gat using Rydbory blockade :
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I I S
u in anonlinear gale if

phase gale : o a (a) : (b) = (c) = (d) = 1 and

d normalize to a
= /
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- r

qubits : hypefic states of igs (call 10) , 11)) :
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: i-pulse & : hi pulse

One 25-pulse on a transition (or a combination of L it-pubes)
gives an overall shift of it . The same pulse at on a transilia

does nothing .


