F/FHAVER (B)IE-) 2REIERESR

20065E11H21H
-Carrier-envelope phase (CEP)

-Optical frequency comb

downloadable from

http://ishiken.free.fr/lecture.html

11/21 No. 1




Electric field
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Single harmonic order (single color)

Ep(t) = Eq cos(qw + ¢q) = Eany1 cos|(2n + 1w + ¢2p41]
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Multiple harmonic orders

En(t) =) Eqcos(qw+¢g) = Y Eapy1cos[(2n + 1)w + ¢ni1]
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How to generate an attosecond single pulse?

Continuous Single harmonic
wave order

Multiple harmonic

Pulse train
orders

Single pulse ?
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Electric field strength, E, (t)
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ultrashort pulse laser

Q@ H1v MAT3EE cutoff region
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Single attosecond pulse

Emission of soft X-rays with
highest photon energy
(‘cut-off’ radiation)

X-ray intensity (arbitrary units)
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Carrier-envelope phase (CEP)
Emission of soft X-rays with
highest photon energy
(‘cut-off’ radiation)
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Electric field strength, E| (f)

Envelope =R
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Why CEP control?
BERDRTF - 1B ORBEHE
Precise manipulation of ultrafast atomic and molecular processes
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chemical reaction
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single attosecond pulse
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electron dynamics inside atoms
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¥ vt 15— Optical synthesizer
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Sound (music) S() = /S’(w) coswt + ¢(w)]dw
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Single harmonic order (single color)

E(t) = Eycoswt
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Multiple harmonic orders

En(t) =) Eqcos(qw+¢4) = Y Fany1cos[(2n+ D)w + dant1]

q

1.0 — . Q@ 7 M#JYLRF(train of attosecond
pulses)iC’ > TW3, — Ultrashort
- laser pulses contain many frequency
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Light of multiple frequency components

En(t) =) Eqcos(qw+¢4) = Y Fany1cos[(2n+ D)w + dant1]
1 1 w+ n(2w)

AR ZL frequency f = fo+n-Af
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Light of multip
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Optical frequency comb
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YeREiKRE O L Optical frequency comb
RAND &K ¥ (to be measured)fx
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measurement of optical frequency
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high-precision measurement of hydrogen
1s-2s transition frequency
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YeREiKRE O L Optical frequency comb
1 FRE f=fo+n-Af
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YeREiKRE O L Optical frequency comb

E(t) = Z E,, cos|(wo + nAw)t + ¢y)]

T i_ﬂ E(t+T)=) Encos[(wo + nAw)t + (¢n + woT)]
w n

CEP shift by woT’
v UFIURO—TUEN  w T KEFY7 R

[REC [ ko

CEP ndt locked ] -t CEP locked

"
-40 -20 0 20 40

niversity

of Tokyo 11/21 No. 16
QUEST




F/TFHAVUERT (BIIE—) ZROITERER
v+ UFPITANO—7HRFEDFIH
CEP control

N
ERE A 7 v b frequency offset fy =0
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Nobel Prize in Physics
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How to measure CEP
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Second harmonic generation (SHG)

fo+n-Af ¢> 2y +2n - Af
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