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Introduction — What is ,,Rydberg“?

* Rydberg atoms are (any) atoms in state with
high principal guantum number n.

* Rydberg atoms are (any) atoms with
exaggerated properties

mm) equivalent!




Introduction — How was it found?

e |n 1885: Balmer series:

— Visible absorption wavelengths of H:

2
bn

Hydrogen line spectrum: Balmer series A=
absorption
(white light backgro

— Other series discovered by Lyman, Brackett, Paschen, ...

- ~ R
— Summarized by Johannes Rydberg: v =v,_ —n—ﬁl



Introduction — Generalization

e |n 1885: Balmer series:

— Visible absorption wavelengths of H:

2
bn

Hydrogen line spectrum: Balmer series A=
absorption
(white light backgro

— Other series discovered by Lyman, Brackett, Paschen, ...

Ry

— Quantum Defect was found for other atoms: v =v_ — (=6
Y



Introduction — Rydberg atom?

\

- Energy follows Rydberg formula: Hydrogen

\=13.6 eV

Energy

n=20




Quantum Defect?

* Energy follows Rydberg formula:

h Ry Ojantum Defect
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Rydberg Atom Theory

* Rydberg Atom < >

* Almost like Hydrogen

— Core with one positive charge
— One electron

e What is the difference?

— No difference in angular momentum states



Radial parts-Interesting regions
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(Helium) Energy Structure (W o)

* 0, usually measured
— Only large for low | (s,p,d,f)

=0 >3 (hydrogenic)

e He level structure

-
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(Helium) Energy Structure (W =

2(n-5,)°
* 0, usually measured
— Only large for low | (s,p,d,f
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Electric Dipole Moment

* Electron most of the time far away from core

—_

— Strong electric dipole: d =er

— Proportional to transition matrix element
$7 ‘a V) =e(¥, ‘F“I’J =e(\P, ‘r cos(6)|¥;)

* We find electric Dipole Moment
— (¥, ‘CT ¥, ) o< (r){I 1 cos@)|1) o< n?

. 2
* Cross Section: o o« (r)” cn®

- 2(n-5)

dw 1

dn  (n-4)°




Stark Effect HY =(HO +dF ¥ =E¥

* For non-Hydrogenic Atom (e.g. Helium)

— ,Exact” solution by numeric diagonalization of

_2(n—5,)2 Numerov

To(n=5)|dn  (n=5)




Stark Map Hydrogen
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Hydrogen Atom in an electric Field

* Rydberg Atoms very sensitive to electric fields
— Solve:HY = (Ho + (:Tlf)'{’ = EY in parabolic coordinates

* Energy-Field dependence: Perturbation-Theory

W = —2—12—2 F(n,—n,)n +1—F6n4(17n2 —3(n, —n,)* —9m? +19)+ o(n°)



Stark Map Helium
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Difference from 12p [GHZ]

Stark Map Helium
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Rydberg Atom in an electric Field

* When do Rydberg atoms ionize?

— No field applied
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Rydberg Atom in an electric Field

* When do Rydberg atoms ionize?

1000 1

— No field applied

0 [

— Electric Field applied !

— Classical ionization:
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(Hydrogen) Atom in an electric Field

* When do Rydberg atoms ionize?
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(Hydrogen) Atom in an electric Field

* When do Rydberg atoms ionize?
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(Hydrogen) Atom in an electric Field
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Lifetime

* From Fermis golden rule

— Einstein A coefficient for two states n,I = n’, I’

4em max(1, I
A =T i b
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— Lifetime Th :( Z'AW,I’,n,Ij

n’1'<n,l

1 aw 1 - ) . I ”
_2(n—5|)2 dn _(n_5|)3 <d>za0n o i FlT oCc N FCIOC%Gn




Lifeti
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* From Fermis golden rule

— Einstein A coefficient for two states n,I = n’, I’
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Lifetime

* From Fermis golden rule

— Einstein A coefficient for two states n,I = n’, I’
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Lifetime
r\nl)‘2 7o) =[ |Z 'IA‘n’,I’,n,I)
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Stark State Circular state
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(overlap of py ocn /' 2) <r> oc N2
Lifetime 7.2 usS 70 ms T
1 dw 1 A2 4 5] r = -~
W = Z(n_5|)2 dn (n_5|)3 <d>~aon o xn F|T oc N CIOC%G Tn’|0Cn n




