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Chlazeni atomu — Bose Einsteinuv
kondenzat

Michal Kolar
katedra optiky, PrF UP, Olomouc



O Cem budu povidat?

* ProcC chladit?

* Co chceme chladit?

e Co je chlazeni v naSem pripadé?
» Jak chladit atomy?

» Jak merit nizké teploty?
K Cemu jsou dobré mrazené atomy?



ProcC chladit?
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Co chceme chladit a polapit?

25 orbital

1= orbital \\

Aby nepresly do pevné faze a
vytvorily BEC.



Co znamena chladit v nasem
pripade?
« Castice kazdé latky se stale chaoticky
pohybuiji...

 Prumérna pohybova energie Castice souvisi s
termodynamickou teplotou T (K)
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* Chladit znamena snizovat (Exin) = 5m(v") = Skl
BEC ~ 107 ° K
The Kelvin Temperature Scale
elium methanol normal human
ifies freezes body temperature
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b.p. of Crﬂz wator water

liquid N solidifies freezes boils



Co znamena chladit v nasem
pripade?

CHLADIT
SNIZOVAT NEURCITOST
HYBNOSTI A STREDNI
HODNOTU HYBNOST!




Jak chladit atomy?

« Svétlo pfedava atomum (pokud je pohlceno)
- energii I/ = hw
- hybnost P = hk

» Jak zesilit pusobeni sily proti sméru pohybu?



Jak chladit atomy?

1. Faze zpomalovani
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frelkvence vimy .. viastnl frekvencea f.>f
atomu .. 1. 2 &

atom se pohybuje ve sméru paprsku
zmena frekvence viny z hlediska atomu

Steven Chu

Sanford Universiy, Sianford,
California, USA

Optical molasses

1985: T ~240 £ K

Elp ~ hl’



Jak chladit atomy?

2. Faze zpomalovani
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Claude Cohen-Tannoudii

College de France and Ecole Normale
Supérieure, Paris, France
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Sisyfovské chlazeni: kplr =~



Jak chladit atomy?

3. Faze ... odparovani
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Jak merit nizke teploty?
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Zaslouzena odmeéna ...

The Nobel prize in Physics 1997

"for development of methods to cool
and trap atoms with laser light"

Steven Chu L: Claude Cohen-Tannoudji ; William D. Phillips

Stanford University, Stanfoed, College de France and Ecole Normale MNatignal Institute of Standards and
California, USA Supérieure, Paris, France Technology, Galthersburg, Maryland, USA



K ¢emu jsou dobré mrazené atomy?
Napriklad k presnému mereni casu

l l Laser
U -
Cesium _g" E-
o i 3
: -
Microwave 5 E-
Proba 2V E £
Laser =
g - Detector
-l =
.y - 1880 1970 1980 : 3003
YEAR
'ﬂﬁ; Laﬂ_‘—,
‘."—d ."’ r V4
- o ~ Atomova fontana
Laser Lasw."’ Laser OdChyll’ se za 1 Sekundu Zda Vl’Ce nez

60 milionu let ...



Dekuji za pozornost!
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