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Hydrogen atom KZRF D KRB
Atomic unit [RFE{I

Rabi oscillation = ElrE
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Hydrogen-like atom
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Hydrogen-like atom KZERRRF

Bare Coulomb potential from the nucleus
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Atomic unit is closely related to Bohr hydrogen atom

Dimension | Expression | Vawe | Meaning

length ap = 4regh® /me” 5.29x 10" m
E me” < 27.2 eV
ner — = .
I "7 (dmeoh)?  dmegag ©
o2
velocity W= = = 2.19x 108 m/s
0
h agp
time E—h = 24.2 attoseconds
€
electric field F = Ineod? 5.14x10'""V/m
0
laser 1
2 6 2
e 5060]? 3.51x10""W/ecm

Chat your student ID number and full name.
This lecture is recorded.

Bohr radius

Coulomb potential
energy at the Bohr
radius

electron orbital
velocity

time during which
the electron
proceeds | radian

field at the Bohr
radius

laser field = electric
field at the Bohr
radius

No. 7



Advanced Laser and Photon Science for internal use only (Univ. of Tokyo)

Hydrogen-like atom KZERRRF
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Bound states FEiEIREE
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Radial wave function and spherical
harmonics
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Continuum states EHIRRE. EHIRRE
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Radial wave function 1R &I %
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Coulomb wave function vs. electron in a
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Short-range potential =0 at r> r;
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Temporal evolution by an external field
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Important example: Rabi oscillation
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Interaction Hamiltonian
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Complete Hamiltonian for the interaction of an atom with
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DEDOEBEERICHTD/IN\IIILNZTFVDOREBTITEM

5 .
Ha,

Dipole approximation is often sufficient. L —t —I[cBAL Tl&, £< D

B AR T+
Wave number , _ 27 *4 E, cos(kx — awr)
REL A

I Wavelength ;& & r
x<< A |:> kx <<1 Ze l:
Y

E, cos(kx - wt) |:> E, cos wt
X _
Dipole approximation H, cos(kx - wr)

V, = zE, cos wt
(JRFEAL)

B RT3 B

Chat your student ID number and full name.
This lecture is recorded.

No. 21



Advanced Laser and Photon Science for internal use only (Univ. of Tokyo)

How V; couples the two levels.
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Rabi oscillation S EixrEh
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Dipole interaction can be expressed in either the
length or velocity gauge

0 2 0 + A(t))?
Ot =[5 v B v e 105 = [P vy
gauge transformation ¢y = eir‘A(t)¢V A(t) = — / E(t)dt vector potential

All physical observables are gauge invariant.

probability density |1, |* = |y |?

projection on eigenstate i (or population of eigenstate i) depends on gauge!

[ orvnir® £ [ oruvar
Level population (such as C; and C,) is meaningful only if
A(t)=0 or after the pulse
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