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a. hot atoms

b. cold atoms

(a) The energy of hot atoms is very large compared to the spacing of

. the quantized energylevels in a macroscopic container. For either bosons or

fermions there is a very small probability of any given level being occupied.

(b) When bosons' are cooled sufficiently that the de Broglie wavelength,

Nps, is larger than the spacing between atoms, d, the atoms fall into the

lowest-energy state in the potential. All the atoms occupying that tate are
indistinguishable and thus occupy the same region in space
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: (a) A schematic representa- -
© tion of atoms confined in a harmonic-
potential. . (b) The height of the po-
‘tential is reduced so that atoms with
" above-average energy escape; the re- .
maining atoms have a lower mean en-
ergy than the initial distribution. The .-
‘evolution of the energy distribution .
is shown below: (c) shows the ini- -
. tial Boltzmann distribution f(E) =
. exXp(—E/[ksT1); (d) shows the trun-

cated. distribution soon after the cut,

“when the hot atoms have escaped; and
. (e) shows the situation some time later, -
- .after collisions between the remain-.

ing atoms have re-established a Boltz-

_“mann distribution at a temperature T%
“less than Ty. - In practice, evapora-

tive cooling.in magnetic traps differs
from this simplified picture in two re-

spects. Firstly, the potential does not
. change but atoms leave the trap by un-

dergoing radio-frequency transitions to

- untrapped states at a certain distance ©
from the trap centre (or equivalently =
‘at a certain height up the sides of the.

" potential). Secondly, cooling is. carried -

out continuously rather than as a series”

of discrete steps.

(mly zx?’h: onli )0 afomd o % 100 nk)

Nows, can imp 0% afons.

“shadow image. 5

Wty 4 bufion con b 10-congtruete,

Ob&rvin@ BKG

Take pichus of rppel aloms 4 Gl
towperatuns

t=0 - - SCIV'CveAn' 8 o

ﬂ " Free |
. N\  expansion -

®»

_ Measurement of temperature by the time-bféﬁight techniqﬁe. (a)
;

gas is allowed to expand freely for a controlled time te, S0 that the increase'
cloud diameter D is determined by the velocity v of the atoms in the gas. |
‘expanded gas is illuminated with a resonant laser, which is absorbed by the:
thereby creating a shadow on the screen in proportion to the atom densit:y
velocity distribution is then calculated from the atom distribution deduced ﬁdg
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