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— Visible absorption wavelengths of H:
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absorption
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— Other series discovered by Lyman, Brackett, Paschen, ...

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



Introduction — Generalization

* |In 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_ — (=5
Y
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Introduction — Hydrogen?
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Quantum Defect?

* Energy follows Rydberg formula:
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Rydberg Atom Theory

* Rydberg Atom < >

* Almost like Hydrogen

— Core with one positive charge
— One electron

* What is the difference?

— No difference in angular momentum states
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* Electron most of the time far away from core
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— Strong electric dipole: d =er
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Electric Dipole Moment

* Electron most of the time far away from core
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— Strong electric dipole: d =er
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* For non-Hydrogenic Atom (e.g. Helium)

— ,Exact” solution by numeric diagonalization of
=¥, |Ho| ;)
in undisturbed (standard) basis (n,l,m)
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Stark Effect HY =(H, +dF v = E¥

* For non-Hydrogenic Atom (e.g. Helium)
— ,Exact” solution by numeric diagonalization of
(W, [H|¥;) (W, |d|w;)F
in undisturbed (standard) basis (n,l,m)
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Stark Effect H‘?:(HO+5IE ~ EY

* For non-Hydrogenic Atom (e.g. Helium)
— ,Exact” solution by numeric diagonalization of
(¥ [H]¥)
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Stark Map Helium
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Hydrogen Atom in an electric Field

* Rydberg Atoms very sensitive to electric fields
— Solve:HY = (HO —I—Jﬁ)‘l’ = EY in parabolic coordinates

* Energy-Field dependence: Perturbation-Theory

W = L3 F(n,—n,)n +%n4(17n2 —3(n,—n,)* —9m’ +19)+ o(n®)

2
2n2T ——



Hydrogen Atom in an electric Field

* When do Rydberg atoms ionize?

— No field applied
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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?

— No field applied

— Electric Field applied _
— Classical ionization: '
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Hydrogen Atom in an electric Field

* When do Rydberg atoms ionize?

— No field applied
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Hydrogen Atom in an electric Field

* When do Rydberg atoms ionize?

— No field applied

— Electric Field applied
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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’
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Lifetime

* From Fermis golden rule

— Einstein A coefficient for two states N, I = n’, I’
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* From Fermis golden rule

— Einstein A coefficient for two states N, I = n’, I’
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* From Fermis golden rule

— Einstein A coefficient for two states N, I = n’, I’
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* From Fermis golden rule
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Part 2- Generation of Rydberg atoms

e Typical Experiments:

— Beam experiments
— (ultra) cold atoms

— Vapor cells

blockade region
Rydberg atom

| qubzt}

|qubzr> ’qubzt)

(a) MCP

e Field-iomzation
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Anode :
UV laser

Photoexcitation

Heat ”hwld. Collimator
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Pulsed valve




ETH physics Rydberg experiment

source chamber | 5-0r-

(HV) blades 3 K stage |[eSidual gas analyzer
i v
d|scha|rge 7
pulsed valve electrode stack heat shield

/ <~—experimental
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280V

(UHV)

\
345 \ MCP detector

immer 7 sample T~ detection
iff. pumping ' (zone 2) (zone 3)
excitation region Mmicrowave

(zone 1) horn antenna

Creation of a cold supersonic beam of Helium.
Speed: 1700m/s, pulsed: 25Hz, temperature atoms=100mK




ETH physics Rydberg experiment

source chamber | 5-0r-

(HV) blades 3 K stage |[eSidual gas analyzer

discharge ‘,/

pulsed valve electrode stack heat shield
/ «~—+experimental

o iz

N
/1 2| 345 \ MCP detector

sample T~ detection
' (zone 2) (zone 3)

Mmicrowave

horn antenna

Excite electrons to the 2s-state, (to overcome very strong binding energy in the xuv range)
by means of a discharge — like a lightning.




ETH physics Rydberg experiment

source chamber
(HV)

discharge
|

pulsed valve
\ 280V
y
| filament
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blades 3 K stage residual gas analyzer
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electrode stack heat shield
/ <~ experimental
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X . / 1 MCP detector
s!<immer / N detection
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Actual experiment consists of 5 electrodes. Between the first 2 the atoms
get excited to Rydberg states up to n=inf with a dye laser.







\ M’ K

\ . £
i Experiment (¥ i
) = | S

L




| | Nd: Yag Iaser (600 mJ/pp, 10 ns pulse Iength Power -> 10ns of MW!!)
| Provides energy for dye laser
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ETH physics Rydberg experiment

source chamber
(HV)

discharge
|

pulsed valve
\ 280V
y
| filament
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— T / ~—t+experimental
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X . / 1 MCP detector
s!<immer / N detection
diff. pumping (zone 3)
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Mmicrowave

horn antenna

Detection: 1.2 kV/cm electric field applied in 10 ns. Rydberg atoms ionize and electrons are

Detected at the MCP detector (single particle multiplier) .
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Results TOF 100ns
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Results TOF 100ns

Adiabatic lonization- Pure diabatic lonization-
rate ~ 70%|(fitted) rate: exp(—It)
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Adiabatic lonization-

Results TOF 100ns

Pure diabatic lonization-

O oC <r>2 oC n_3

[—
LN
— 1

rate ~ 70%(fitted) rate: exp(—It) saturation  From ground state
20 \ ........... \ ........ \ ...... / S
N L HUUU AN

Integrated MCP Ion Signal [Arb. Units]
5 =

1250V
ng = (—4’“ 16

Fo

A

% %
] - (1250\%m gJ

F 2

L

UUWU JLUUb

UUuUJUbub

!

e

(.0 oo
—7000

— 6000

—5000

—4000 3000

Frequenc#'

[GHZ]

—2000

—1000 0



< < —
N o0 -

Integrated MCP Ion Signal [Arb. Units]
o)
< ;

Results TOF 15us

o oc (r)? ccn™

From ground state
]

<
b

lifetime
3
7T oCcnn

o

o MH il

1]

—7000 | -6000 -5000 —4000

3000 —2000
Frequenc% |[GHz]

1000 0



