Hydrogen 1s-2s experiment

Possible goals of improving laser system

* Improving resolution by decreasing the
linewidth. For this purpose we need to
Improve reference cavity.

» Possibility of new experiments — 1s-2s
spectroscopy of Tritium In Karlsruhe.
Carrier collapse problem of ECDL laser.




\Vertical cavity.




Spectrum of ECDL locked to the cavity.
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PDH Lock
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Carrier collapse - theory

- Consider the process E=Ejcos(at+o(t)) T
with phase jitter o(t) : <e'§”(”>t £0

\
If random phase ¢(t) is distributed normally:
2

p(¢) L exp| — Zq)z

rms

Then spectrum of the process contains d&-function
(carrier). Fraction of power in carrier: 77 =exp(—gor2ms)
Consequently after frequency doubling:

7' =exXp(—(20,0s)° ) = XD (—4(@me)? ) = 1°

__ .64
In 8-photon process 7t =R




Carrier collapse in pictures

- 243 nm beatnote
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Check of carrier collapse formula

Check of n* theory.

Graph contain all points gathered
9.02.2006 and 13.02.2006

Fit y=Bx
B =3.89 +/- 0.18
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Central peak of small horizontal cavity
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Central peak with vertical cavity
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Why 2?2 \Why 47
How to estimate linewidth

E(t) = E, cos(at +o(t))

The moment T :

A o(t) Ap(r) =1

The linewidth could be
estimated as:

szi
.




Why 2?2 Why 47
Freguency noise model

E=E, COS(a)t +jAcodt) Two important parameters

modulation depth A,

A Aw and correlation time Tcorr

A

p(Aw)




Why 2?7 Why 47
Linear phase drift and phase diffusion

\

Summary: Two principal cases:

Aa) D %_COIT

Deep frequency noise. Gaussian profile. After frequency doubling
linewidth increases twice.
Aw!] }/
TCOIT

Fast frequency noise. Lorentz profile. After frequency doubling
linewidth increases by the factor 4.




