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Metastable helium

® 23S, state: ©=8000s, 24
Laser cooling: A=1083 nm
. . 23
® 20 eV internal energy: single He*
atom detection
22
® Penning ionization: Het 3
( He* + He* - He + He* + e™) 5 o
® 3He* fermion and “He* boson -
® Scattering lengths large and positive!
a,=+7.512 nm ; a;,=+28.8 nm 0
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Magneto-optical trap (MOT) setup

%16 <= . MOT
dc discharget ——-— ‘ = ~

source

laser collimator Zeeman slower i

1083 nm laser light

Loading and cooling of ~2 x 10° 4He*
atoms in ~1 second at T ~ 1 mK
(phase-space density ~107)
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Detection methods

He*, He*, absorption imaging

He* MCP (not visible) to CCD camera UHV
- - : Y . chamber
e " . . P~10"" mbar

He* MCP

on translation stage
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1-D Doppler cooling in magnetic trap

ext(r)__a)x +%0)y +%0)Z (Q)X:wy))wz)

Circularly polarized laser beam
along the z-axis at high (24 G) B,

Laser cooling in axial (z) direction:
(0™- cycling transition)

Cooling in radial direction:
reabsorption of spontaneously
emitted red-detuned photons
(collisions, anharmonic mixing)

Successfully used to cool spin-polarized 3He* fermions (>1x10°)

s-wave collisions are forbidden — Pauli principle
Cooling in radial direction — reabsorption of scattered photons
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Characterization trapped He™ cloud
Time-of-flight on microchannel plate detector (MCP)

e 1 g2 L ——— .
$=S5, 7281 el MOT I+ MOT:
0/ g% T=1mK N=10x10
kEJ 40 '
et ~~_] < Cloverleaf, after
17 0 50 100 150 200 tizrf;:)e (mSS(;O 1D Dopp|er COOling:
m MCP signal (a.u.) T - 0.15 mK, N = 6 X 108
| Cloverleaf / '
2 T=3 XTD ’
ol Phase-space density
— oL /| | increase ~ 600
tT:O _ 190 ms 0 50 100 150 200 250ﬁme IE‘;);)

No atoms lost during Doppler

cooling !
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BEC reached after 15 s rf
(50 - 8 MHz) evaporative cooling ramp

100 —————————
80 [

60 |

flux (arb. units)

40 |

He”
[
|

170 180 190 200 210
time (ms)

BEC also observed after 2 s rf ramp
(with less atoms)
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Observation of BEC -

60 -

40|

+* flux (arb. units)

He
I3
=

1 Time-of-flight:

— Number of atoms, N,(BEC), Ny, T e
— Temperature, T 320
— Expansion in x-direction (vertical) 205
=015t
. . % 0.10}
1 Absorption imaging: 0.05 | -
. . 0006 . . o ]
— MCP calibration (MOT) 0.0 01 02 03 04 05
. . radial (cm)
— Expansion in y,z plane | | |
4 He* ions: non-destructive <
— Loss processes z
— BEC formation and decay

-2.0 -1.5 -1.0 -0.5 0.0
time (s)

vrife Universiteit amsterdam Laser‘ CenTr‘e vr'lJe Un'Vgr.SlTe'T, AmSTer'dGm m




from fit noncondensed part: TCNZ |..IK and NT

N via p or integral Method 1:

N, = integral of green
curve times MCP
calibration (20% accuracy)

o)
-
—

[N
e

maximum number
deduced: Ny=1 x 10’

However: saturation of
MCP for N, > 1 x 10°

N, too small !
o
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Method 2 : N, via chemical potential

s ( 1sva Vo] nextracted from width of
Hrp = 2’“’ [ Tl . )j TOF signal (radial expansion
" Do only!) gives N, = 5 x 10’

@,, =300, 0,

U — chemical potential

a — scattering length

= [N o
e - e
—

He* flux (arb. units)
[\
()

However: Absorption imaging

"""""" | reveals anomalous expansion
Il of the BEC as a result of too
slow trap switch-off:
stretching in radial direction.

N, too large

1.5 x 10’<N,< 4 x 10’
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Decay of the condensate:
the effect of atomic transfer

Model :
F — P. Zin, A. Dragan, S. Charzynski, N. Herschbach, P. Tol,
BEC 15 deteCted up to t_75 S W. Hogervorst, W. Vassen, J. Phys. B36, L149 (2003)

(Cloud lifetime T ~ 3 min) Assumption:
BEC + thermal cloud remain in
thermodynamic equilibrium during

04T BEC lifetime
| | decay
03t ® - quasi-pure BEC
= [ = - Ny=N,, (t=0
o} o~ (=0 L Output:  Not), Ne(t), TV
ik
0.L o Input: Ngy(0), Ny (0), < - lifetime,

B (two-), L (three-body loss rate
constant)
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Decay of the condensate:
the effect of atomic transfer

1 Atoms lost from a condensate

are lost from the trap, or Assumption:
transferred to the thermal only background gas collisions
cloud.

1 The presence of a thermal . 1 1
cloud reduces the lifetime of a N, c— N, ct— N T
BEC T 4
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Atomic transfer
simplest case: non-interacting bosons &

only background collisions

Only background gas
collisions cause trap loss

1 1—¢e,Np/Erp 3

_'FI':"-T S _'ﬁ'r"]"

- - 1 T T
~ —— Np Ne = - (-‘H"f'f_'-' + _-'H"f"T)

r 0 4/3_coNp/Br ~  4r

50 :%h(a)x +C()y +a)z)

BEC decay depends on N
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including two- and three-body losses

. 1 1 »
—N=-N+2y [n:lz?' (EHE + 2nengy + ﬂ.i-) +

1 :EII' T} a
3£ [ d*r (—ﬂ?-f + —nganr 4 3nenp + ﬂ.%j

3! 2!

+ similar equation for total energy loss rate

t - lifetime Expressions for condensate and
% - two-body loss rate thermal (noncondensate) part density
g - three-body loss rate are related!
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Decay of the condensate:
the effect of atomic transfer

BEC is detected upto t=75 s For quasi-pure BEC the model gives

decay without atomic transfer

(Cloud lifetime T ~ 3 min) (upper curve)

0.4 BEC lifetime Estimated loss rate constants:

| | B=2(1) x10™* cm®/s
3t ° - - BEC =
N ﬂl:iiltf ?trEO) L=9(3) x10"*" cm°®/s

| o Theoretical predictions:
: B=1x10"1* cm3/s
[=2%1027 cm®/s

P.O. Fedichev et al/, Phys. Rev. Lett. 77, 2921 (1996)
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Rf output coupler - pulsed atom laser

Repeating rf-sweeps
250 MHz/s 1Bl 4

: mean field interactions
o Lt Ut AP T determine pulse shape

vrje Universiett - amsterdam Laser Centre Vrije Universiteit, Amsterdam N



former collzaguzs:

Paul Tol,
Norbert Herschbach

. ' (1
o AL
———
n

"
“John McNamara

|
]

Tom Jeltes

Hez

(
Q-

Andrey Tychkov Wim Vassen

29/01/2005 01:35 AM

vrife Universiteit amsterdam Laser‘ Cen.‘-r‘e vr‘|Je UnlverS|Te|T, AmSTer'dClm m




Funding:

4 year
PhD position
available !

€ i@ Research Training Network IS

¢ br

vrife Universiteit amsterdam Laser‘ CenTr‘e vr‘lJe Unlver‘5|1-e|1-, AmSTer'dClm m



	Observation ofBose-Einstein condensation of 4He* 
	Metastable helium
	Detection methodsHe*, He+, absorption imaging
	1-D Doppler cooling in magnetic trap
	BEC reached after 15 s rf (50 – 8 MHz) evaporative cooling ramp
	Observation of BEC
	Decay of the condensate:the effect of atomic transfer
	Decay of the condensate:the effect of atomic transfer
	Rf output coupler – pulsed atom laser


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


