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energy

# particles

Basic assumption:
Sufficient ergodicity

Example:
ergodic single-particle motion

“ eliminate fast atoms

<interatomic collisions

—t speed static potential well U(r)

2m(2m)3/2
p(e) = (2nh)‘3f dr dp 6le — U(r)—p?/2m] = n((znr;l; ju(r)%dr\/e — U(r)

p(e) = APL€1/2+6
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' Truncated energy distribution

Reminder: distribution function
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' Canonical partition function
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Density distribution
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Figure: Density distribution, [4]
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' Reference Volume
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Internal energy
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Kinetic equation

Boltzmann equation: (% -V, — V.U - Vp + %) f(r,p) =c(r,p)

collision integral: ~ ¢(r,ps) = (2nh)0327tmjd3p3 d'q{(f (r,p)f(x,p2) — f(r,p3)f (T, P4a)}

——

sufficient \—’
ergodicity f(r,p) = jde SU(r) +p*/2m—e)f(e)

P(€4)f(€4) = %fdg1 de, desb(e + &, — &3 — g4)p(min|ey, &5, &3, £, D{f (e1) f (&2) — f(£3)f(e4)}




Assumptions & Theoretical Basics

Thermodynamic properties AmSterdam

Kinetic equation & Evaporation Rate

Results & Application Group

Numerical solution
of the kinetic equation 101 ¢
£ 100| = o
L s 12
1o ys
[ oz 116
-2 _ 04 _ 32
10 EO%D 02 04 06 08 1.0 N 64
0.0 0 2 0.4 0.6 0.8 1.0

e/ &
Figure: Evolution of the distribution function f(€), [4]
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Loss of internal energy
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' Comparison of results
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Figure: Truncation parameter n and fraction
of atoms remaining in the trap N/N, as a
function of reduced time t/t, , [4]
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' Relaxation & Heating
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' Thermalization ratio
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' Cooling atomic hydrogen

10'35

104f

. ; G =107 15¢m3s71
T mmG 105¢
1602 X 1p¢ a = 0.072nm
~ :
107|
. T" = 1.4nK

108

109k

Figure: Characteristic temperatures of
H in a harmonic trap as a function of n,
[4]
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. SCALING LAws FOR EVAPORATIVE COOLING IN
a = d(InT) _ T/T A d-DIMENSIONAL POTENTIAL U(r) o r4/8
~d(InN) N/N
( ) / Quantity Exponent , x
F Number of atoms, N 1
‘ a = u —1 Temperature, T a K=1-X.,/V.
6+ 3/2 Volume, V da ev/ Vev

Density, n 1— da
Phase-space density, D 1 - a(é+3/2)
Elastic collision rate, no v 1-a(6-1/2)

[5]
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Figure: The minimum ratio R,,;,, versus the
truncation parameter n, [5]
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Figure: Logarithmic phase-space density increase
per 100 elastic collision times, [5]
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Figure: Efficiency parameter y versus the
truncation parameter n, [5]
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' Nonlinear boson diffusion equation (NBDE)

on 6( (1+7)+ 6D>+62 (D)
—=——|vn n)+n > (Dn B 1
dat as as de Neq () = T
. . . on 0 9%n
in the limit of constant transport coefficients v, D: Frin —v e (n(1+n))+D 322 T=—-D/v
linear diffussion equation:
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' Free solutions

+ 00

Zfree(‘g: t) = a(t) j Gfree(5» x,t) F(x)dx

Inclusion of a singularityatx=p...
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with  Gpree(€,x,t) = exp| ———— F(x) =exp| —=——=| vx + 2vjnl-(y) dy
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' Exact solutions with boundary conditions 20
Z(g,t) =f G(e,x,t)F(x + u) dx 1.5¢
0 =
. «w 1.0
with G(e,x,t) = Gfree (e —ux,t)— Gfree(‘S — W, —x,t) =
el — . 0:5t
truncated thermal eqilibrium distribution
1
n;(e) = ey — 0(1 —¢/¢;) 0.05 5
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Figure: Equilibration of a finite Bose system, transport
coefficients: D = 8 x 103peV2?s™1,v=—1 x 103peVs~1,

1
‘ n(e,t) = T = —D/v = 8peV = 93nK (const.)
ex (8__#) L(s,t) — 1 time evolution: t = 0.001, 0.01, 0.1, 1, 4 and 40ms
p ) .
T (decreasing dash lengths), [13]
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' Relaxation-time approximation

0 nrel/a t = (neq - nrel)/Teq

Nrer(e, ) = ny(e) €7 7ea + npq(e) (1 — e7*/%ea)

€ (peV)
Figure: Evaporative cooling in a bosonic system, T; =
20 peV = 232nK (upper solid curve), Tr = 8peV = 93nK
(lower solid curve), time evolution: t = 1,3 and 7ms
(decreasing dash lengths), [13]
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Nonlinear boson diffusion equation
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Figure: Evaporative cooling in a bosonic system, T; = . . - ,
20 peV = 232nK (u er solid Curve) T. — 8peV = Figure: Evaporative cooling in a bosonic system, T; =
pev = pp 1f = OpevV = 20 peV = 232nK (upper solid curve), Tr = 8peV = 93nK
93nK (lower solid curve), time evolution: t = 0.001,

(lower solid curve), time evolution: t = 1,3 and 7ms

0.01, 0.1, 0,4 and 0.8ms (decreasing dash lengths), [13] (decreasing dash lengths), [13]
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Time-dependent entropy

Time-dependent entropy

0o 80 ———r—m—m————————
S(t) = f g(e) [ln(l + n(e, t)) + n(g, t) ln(l + 1/n (s, t))] de
0 __60;
Power-law:  g(&) = go/e £ 40/
S
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Figure: Time evolution of the entropy S(t)/g, in
an equilibrating Bose system, [13]
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\ Summary

Amsterdam Group

energy distribution can be
approximated by a
truncated Boltzmann
distribution

BEC can be obtained in
magnetically trapped
atomic hydrogen

Heidelberg Group

boundary conditions at the
singularity for physically
meaningful solutions

Calculation of the time-
dependent entropy
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