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Properties of Rydberg_Atoms
g TN onization Limit |

scaling laws :
Ey =-R/(n-6,)% =-R/n**

CAYITY QUANTUM ELECTRODYNAMICS

Amoe w¥ < 1Bl m>1?

T -

Hydrogen atom n=10 {n= 100 | units

Energy 0.4 |1.4-107°] eV
Radius 100 {l0000 | @
Lifetime 0,50 | 510 1S
Frequency 6600 | 6.6 | bHz
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Properties of Ryclberg Atoms Uetection of Rydberg Atoms

E, = Q/(n“&a)z = R /n*?
m* effective quantum number -
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Excitation Schemes for Rydberg Atoms o Pw—"y;v—
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ate -selective detection of Kydberg atoms

pVoltage {or fielol ionization

Lonization of populated level
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Influence of blockbody rodiation

Energy flux ((Rayleicah-aeans limit ):
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Twnduced transition rate:
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Free atowm versus atom in Cavity
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Free atom versus odom in cavity

Modification of spontaneous emission

rate

Modification of Lamb shifi

(adso (9-2)experiments)

also level shift odue to clivect interaction
with cavity walls

Oscillatory energy exchovge
(determined. by photon statictics )

(E-T. aaynes, Fw. Cummings  Proc. TEEE S1,89
(19¢3))

Modification of spontaneous
emission rate

[": emission rate

[M= Zﬁ“fdﬂh (Vv |2'5>(w,¢)) |

" U,k = (A)o
V,g, alipole matry element between states:

atom in exciteo stale - no pholon
"~ and atom ground stale - photon in
mode R
2
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Fluorescence of dye molecules
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of fluorescence decay
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Drex haqe .(Pfogress n Optics
(ed. E.Wolf) Vol. 20, 163 (1974)

TInhibited spontaneous
emission of 'Pydber% atoms
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Circular states |m| =n-l
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increase of {ifetime observed

factor 20

Hulet , Hilfer, Kleppner
PRL 55, 2137 (1985)
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Observation of Inkibited Spontancous Emission

Gerald Gabrielse and Hans Dehmelt
Deparement of Physa s, Umiveruny of Wastungron, Scatile, Washingion 98195
(Received 16 Apeil 1985}

racliative decay of Cyclotron
motion of an electron in a tra
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Lowest order vadiative corrections
1o bound electron

w7

Self -energy contripution

VaCuuwn polaritation Contribution

Level shifts

Pyd berg atoms between
conduc lna Planes

_ | G. Barton
» (Proc. ?oy. Soc. o
| A L10, 174 . 175 (198,

&« -
SCQUH? Cows (hydrogen atoms)
L < nPao /ot
Lnteraction basically electrostatic

(nonretarded )
A = (n“/'—}(mm) ) IO—‘ Ha

> n3a, /ot

Tnteraction basically radiative
(retarded )

A 2 (272 ) 1OF Hz
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nteraction of a Single atom with singte

Cavi’cy yode
° atom enters
1\ "1 Covity n excited
state

Atom
i Coupling constant ) ('I?obi-frequency)
Cavity field |
1 Coupling constant
Cavity walls
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Q > 5 MQSEZY‘ OpemjriOn

Vo {requency : 0
Domping vate of field :

ol

ggz,%

photon emitted in the cavity moole
is absorbed much faster by Cavity

walls than atom olecays

W
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Self - inoluced. Rabi nutation

(BﬂyV‘fiS , Cummings,?roc. T

EEE 51,
29 (1963))



D . MQSChede , H WO Hher, G . Muller l (})hys']eev LQ'H‘ :
8%, 551 (198s)

Channeltron Field Tonization

One "AJCOW? Maser ‘ \@4 ﬁ Microwave Connector

D. Meschede . H. Walther, G.Muller
Pys. Rev. Lett. 84, 551 (1985) Laser Beam

_-Microwave Cavity A
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Count rate

(7]
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in the cavity
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Single atom—resonant,cayity - ;

T=0,n photons in cawty ( Fock stute)
- Penlt)=+ { +cos(2ﬂ\/ﬁ?t)}

T#0; Thermulfleld |
| Pe,n“)-‘z‘{ —”—n,rcos(ZﬂVth)}
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PROBABILITY | ATOM
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AdNd-ddi
Quantum revival with.coherent photons
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I | 1 | ] Theory of the One-Atom Maser

- ) |

o %« 13 — )P Filipowicz', 7 javanainen, P.-Meystre

i &S 1 = Phys-Rev. 34, 3077 (19%) (Oct 19%¢)

- - 3 o _.;\ . il
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.o CE I 17 3 |

- e L4 £ 2) LA Lucaim‘o, M.0.Scully, #.Walther

- = - oc;;f . E” Phys. Rev. 36, July 1482
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Quontum - non -~demolition measurement

"Pumping beam

“Photon statistics <= Atom statistics

Photon statistics : m number of photons

in the cavity
_ <n?> -Ln>? :
0" = <n>
_dn-<ndt
Q=0 e -0 .

Atowm statistics: N number of atoms
- in lower state measured

in time interval T
T (ll/ .E.

i

KN - N> {
Gm— <N>

Qm = /)? Q ;/ u" s»(.h(n '-H-Hl(‘rlt

b ) oo

O (p(<N>)OPh[2'+Qph] .



Fluctuation of the atomic number in
the lower state
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Probability R{N,, )
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P Meystre , ©. Rempe , H Walther

]

\/ery eowfempera’cure behaviour of the .

ST micromaser ()
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Tmppin% states (m+1;9)

24,2 -
A { ~ (a)
19.2 | \(\ N\
[
14.3- '(
9.34- \\J\
1) h
439 10,9181y (2,1 lisy 151)
. [ T i T
175 21 247 283 318
O/t
17.9+ A\~ (b)
n .‘,' \ / '/ \\_ !/
14,4 f"\ / [
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| \F_\\/\/f \
] (15.2)
108 (14,2) V
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11 |
743 na oo
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. e i T T |
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P. Meystre, G. Rempe, H-Walther, Opt. Lett. I3, 1028(1925)
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